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Abstract 

ABSTRACT 

Researchers from Lamont-Doherty Earth Observatory (L-DEO) of Columbia University, Woods 
Hole Oceanographic Institution (WHOI), and the University of Texas at Austin Institute of Geophysics 
(UTIG), with funding from the U.S. National Science Foundation (NSF), and in collaboration with 
researchers from Dalhousie University and Simon Fraser University (SFU), propose to conduct high-energy 
seismic surveys from the Research Vessel (R/V) Marcus G. Langseth (Langseth) in combination with 
Ocean Bottom Seismometers and Nodes at the Cascadia Subduction Zone in the Northeast Pacific Ocean 
during late spring/summer 2021. R/V Langseth is owned by Columbia University and operated by L-DEO. 
The proposed two-dimensional (2-D) seismic surveys would occur within Exclusive Economic Zones 
(EEZ) of Canada and the U.S., including U.S. and Canadian Territorial Waters. The surveys would use a 
36-airgun towed array with a total discharge volume of ~6600 in3 and would occur in water depths ranging 
from 60–4400 m. 

NSF, as the research funding and action agency, has a mission to “promote the progress of science; 
to advance the national health, prosperity, and welfare; to secure the national defense…”. The proposed 
seismic surveys would collect data in support of two research proposals that have been reviewed under the 
NSF merit review process and identified as an NSF program priority. They would serve to investigate the 
Cascadia Subduction Zone and provide data necessary to illuminate the depth, geometry, and physical 
properties of the seismogenic portion and updip extent of the megathrust zone between the subducting Juan 
de Fuca plate and the overlying accretionary wedge/North American plate providing essential constraints 
for earthquake and tsunami hazard assessment in this heavily populated region of the Pacific Northwest. 
The portion of the megathrust targeted for this survey is the source region for great earthquakes that 
occurred at Cascadia in pre-historical times, comparable in size to the Tohoku M9 earthquake in 2011; an 
earthquake of similar size is possible at Cascadia within the next century. 

This Final Environmental Assessment/Analysis (EA) addresses NSF’s requirements under the 
National Environmental Policy Act (NEPA) for the proposed NSF federal action within the U.S. EEZ and 
Executive Order 12114, “Environmental Effects Abroad of Major Federal Actions”, for the proposed NSF 
federal action within the Canadian EEZ. Due to their involvement with the Proposed Action, the U.S. 
Geological Survey (USGS) has agreed to be a Cooperating Agency. As operator of R/V Langseth, L-DEO, 
on behalf of itself, NSF, WHOI, and UTIG, requested an Incidental Harassment Authorization (IHA) from 
the U.S. National Marine Fisheries Service (NMFS) and the U.S. Fish and Wildlife Service (USFWS) to 
authorize the incidental (i.e., not intentional) harassment of small numbers of marine mammals should this 
occur during the seismic surveys. The analysis in this document supports the IHA application process and 
provides additional information on marine species that are not addressed by the IHA application, including 
sea turtles, seabirds, fish, and invertebrates that are listed under the U.S. Endangered Species Act (ESA), 
including candidate species. As analysis on endangered and threatened species was included, the Draft EA 
was used to support ESA Section 7 consultations with NMFS and USFWS.  Alternatives addressed in this 
EA consist of the Proposed Action with issuance of an associated IHA and the No Action alternative, with 
no IHA and no seismic surveys. This document tiers to the Programmatic Environmental Impact 
Statement/Overseas Environmental Impact Statement for Marine Seismic Research Funded by the National 
Science Foundation or Conducted by the U.S. Geological Survey (June 2011) and Record of Decision (June 
2012), referred to herein as PEIS. This document also tiers to the Environmental Assessment of Marine 
Geophysical Surveys by the R/V Marcus G. Langseth in the Northeastern Pacific Ocean, June–July 2012 
and issued Finding of No Significant Impact for similar seismic surveys conducted in 2012 in, or near, the 
proposed survey area. 
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Abstract 

Numerous species of marine mammals inhabit the proposed project area in the northeastern Pacific 
Ocean. Under the U.S. ESA, several of these species are listed as endangered, including the North Pacific 
right, humpback (Central America Distinct Population Segment or DPS), sei, fin, blue, sperm, and Southern 
Resident DPS of killer whales. It is unlikely that a gray whale from the endangered Western North Pacific 
DPS would occur in the project area at the time of the surveys. In addition, the threatened Mexico DPS of 
the humpback whale and the threatened Guadalupe fur seal could occur in the proposed project area.  The 
North Pacific right whale, the Pacific populations of sei and blue whales, and Southern Resident killer 
whales are also listed as endangered under Canada’s Species at Risk Act (SARA); the Pacific population of 
fin whale, and all other populations of killer whales in the Pacific Ocean are listed as threatened. The 
northern sea otter is the one marine mammal species mentioned in this document that, in the U.S., is 
managed by the USFWS; all others are managed by NMFS. After discussions with USFWS, the original 
survey design was adjusted to minimize take of sea otters. The sea otter is considered special concern 
under SARA. 

ESA-listed sea turtle species that could occur in the project area include the endangered leatherback 
turtle and threatened East Pacific DPS of the green turtle; the Pacific population of leatherback turtle is 
also listed as endangered under SARA, but the green turtle is not listed.  ESA-listed seabirds that could be 
encountered in the area include the endangered short-tailed albatross (also endangered under SARA) and 
Hawaiian petrel, and the threatened marbled murrelet (also threatened under SARA); the Hawaiian petrel 
is not listed under SARA.  

Several ESA-listed fish species occur in the area, including the endangered Puget Sound/Georgia 
Basin DPS of bocaccio; the threatened Pacific eulachon (Southern DPS), green sturgeon (Southern DPS), 
yelloweye rockfish, and several DPSs of steelhead trout; and various endangered and threatened 
evolutionary significant units (ESUs) of chinook, chum, coho, and sockeye salmon. In addition, the 
threatened bull trout could also occur in shallow water along the coast. In Canada, the South Coast British 
Columbia population of bull trout is considered special concern. The basking shark and northern abalone 
are listed as endangered under SARA 

Potential impacts of the proposed seismic surveys on the environment would be primarily a result of 
the operation of the airgun array. A multibeam echosounder and sub-bottom profiler would also be operated 
during the surveys. Impacts from the Proposed Action would be associated with increased underwater 
anthropogenic sounds, which could result in avoidance behavior by marine mammals, sea turtles, seabirds, 
and fish, and other forms of disturbance. An integral part of the planned surveys is a monitoring and 
mitigation program designed to minimize potential impacts of the proposed activities on marine animals 
present during the proposed surveys, and to document, as much as possible, the nature and extent of any 
effects. Injurious impacts to marine mammals, sea turtles, and seabirds have not been proven to occur near 
airgun arrays or the other types of sound sources to be used. However, a precautionary approach would 
still be taken; the planned monitoring and mitigation measures would reduce the possibility of any effects. 

Protection measures designed to mitigate the potential environmental impacts to marine mammals, 
sea turtles, and seabirds would include the following: ramp ups; typically two (but a minimum of one) 
dedicated observers maintaining a visual watch during all daytime airgun operations; two observers before 
and during ramp ups during the day; start-ups during poor visibility or at night if the exclusion zone (EZ) 
has been acoustically monitored (e.g., passive acoustic monitoring (PAM)) for at least 30 min with no 
detections; PAM via towed hydrophones during both day and night to complement visual monitoring; shut 
downs when marine mammals are detected in or about to enter the designated EZ. The acoustic source 
would also be powered down (or if necessary, shut down) in the event a sea turtle or an ESA-listed seabird 
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Abstract 

would be observed diving or foraging within the designated EZ. Observers would also watch for any 
impacts the acoustic sources may have on fish. L-DEO and its contractors are committed to applying these 
measures in order to minimize effects on marine mammals, sea turtles, seabirds, and fish, and other potential 
environmental impacts. Ultimately, survey operations would be conducted in accordance with all 
applicable international, U.S. federal, and state regulations, including IHA and Incidental Take Statement 
(ITS) requirements. 

With the planned monitoring and mitigation measures, unavoidable impacts to each species of marine 
mammal and sea turtle that could be encountered would be expected to be limited to short-term, localized 
changes in behavior and distribution near the seismic vessel. At most, effects on marine mammals would 
be anticipated as falling within the Marine Mammal Protection Act (MMPA) definition of “Level B 
Harassment” for those species managed by NMFS.  No long-term or significant effects would be expected 
on individual marine mammals, sea turtles, seabirds, fish, the populations to which they belong, or their 
habitats. Although Level A takes are very unlikely, NSF followed the Technical Guidance for Assessing 
the Effects of Anthropogenic Sound on Marine Mammal Hearing (NMFS 2016a, 2018a), resulting in the 
estimation of Level A takes for some marine mammal species. No significant impacts would be expected 
on the populations of those species for which a Level A take is permitted. 
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II. Alternatives Including Proposed Action 

I PURPOSE AND NEED 

This Final Environmental Assessment/Analysis (EA) addresses NSF’s requirements under the 
National Environmental Policy Act (NEPA) and Executive Order 12114, “Environmental Effects Abroad 
of Major Federal Actions”. The Final EA tiers to the Final Programmatic Environmental Impact Statement 
(PEIS)/Overseas Environmental Impact Statement (OEIS) for Marine Seismic Research funded by the 
National Science Foundation or Conducted by the U.S. Geological Survey (NSF and USGS 2011) and 
Record of Decision (NSF 2012), referred to herein as the PEIS. This document also tiers to the EA of 
Marine Geophysical Surveys by R/V Marcus G. Langseth in the Northeastern Pacific Ocean, 
June–July 2012 and associated Finding of No Significant Impact (FONSI) for similar seismic surveys 
conducted in 2012 in, or near, the proposed survey area.1 The purpose of this Final EA is to provide the 
information needed to assess the potential environmental impacts associated with the Proposed Action, 
including the use of an airgun array during the proposed seismic surveys. Due to their involvement with 
the Proposed Action, the U.S. Geological Survey (USGS) has agreed to be a Cooperating Agency. 

The Final EA provides details of the Proposed Action at the site-specific level and addresses potential 
impacts of the proposed seismic surveys on marine mammals, sea turtles, seabirds, fish, and invertebrates.  
The Draft EA was used in support of other regulatory processes, including an application for an Incidental 
Harassment Authorization (IHA) and Section 7 consultations under the Endangered Species Act (ESA) with 
the National Marine Fisheries Service (NMFS) and U.S. Fish and Wildlife Service (USFWS). The IHA 
would allow the non-intentional, non-injurious “take by harassment” of small numbers of marine mammals2 

during the proposed seismic surveys by Columbia University’s Lamont-Doherty Earth Observatory 
(L-DEO) in the Northeast Pacific Ocean during late spring/summer 2021. Following the Technical 
Guidance for Assessing the Effects of Anthropogenic Sound on Marine Mammal Hearing (NMFS 2016a, 
2018a), small numbers of Level A takes have been requested for the remote possibility of low-level 
physiological effects; however, because of the characteristics of the Proposed Action and proposed 
monitoring and mitigation measures, in addition to the general avoidance by marine mammals of loud 
sounds, Level A takes are considered highly unlikely.  

The Final EA addresses: (1) comments received during federal regulatory consultations, public 
comment periods, and tribal coordination, including those received during the NSF NEPA, NMFS/FWS 
IHA, NMFS/USFWS ESA, and Olympic Coast National Marine Sanctuary (OCNMS) processes, (2) a 
schedule change from late spring 2020 to late spring/summer 2021 due to COVID-19 impacts, and (3) a 
change in the mitigation zones from the Draft EA, based on both modeling for the Level A and Level B 
thresholds and using empirical measurements from Crone et al. (2014) from the Cascadia Margin, that were 
then used to revise the take estimates. 

1.1 Mission of NSF 

The National Science Foundation (NSF) was established by Congress with the National Science 
Foundation Act of 1950 (Public Law 810507, as amended) and is the only federal agency dedicated to the 

1 EA and FONSI available on the NSF website (https://www.nsf.gov/geo/oce/envcomp/index.jsp). 
2 To be eligible for an IHA under the MMPA, the proposed “taking” (with mitigation measures in place) must not cause serious 

physical injury or death of marine mammals, must have negligible impacts on the species and stocks, must “take” no more than 
small numbers of those species or stocks, and must not have an unmitigable adverse impact on the availability of the species or 
stocks for legitimate subsistence uses. 

https://www.nsf.gov/geo/oce/envcomp/index.jsp
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II. Alternatives Including Proposed Action 

support of fundamental research and education in all scientific and engineering disciplines. Further details 
on the mission of NSF are described in § 1.2 of the PEIS. 

1.2 Purpose of and Need for the Proposed Action 

As noted in the PEIS, § 1.3, NSF has a continuing need to fund seismic surveys that enable scientists 
to collect data essential to understanding the complex Earth processes beneath the ocean floor. The purpose 
of the proposed study is to use two-dimensional (2-D) seismic surveying and Ocean Bottom Seismometers 
(OBS) and Ocean Bottom Nodes (OBN) to investigate the Cascadia Subduction Zone and provide data 
necessary to illuminate the depth, geometry, and physical properties of the seismogenic portion and updip 
extent of the megathrust zone between the subducting Juan de Fuca plate and the overlying accretionary 
wedge/North American plate, providing new constraints on earthquake and tsunami potential in this heavily 
populated region of the Pacific Northwest. The proposed activities would collect data in support of two 
research proposals that were reviewed through the NSF merit review process and were identified as NSF 
program priorities to meet the agency’s critical need to foster an understanding of Earth processes. 

1.3 Background of NSF-funded Marine Seismic Research 

The background of NSF-funded marine seismic research is described in § 1.5 of the PEIS. 

1.4 Regulatory Setting 

The regulatory setting of this EA is described in § 1.8 of the PEIS, including the 

• Executive Order 12114; 
• National Environmental Protection Act (NEPA) of 1969 (42 United States Code [USC] 

§4321 et seq.); the Council on Environmental Quality (CEQ) Regulations for 
Implementing the Procedural Provisions of NEPA (Title 40 Code of Federal Regulations 
[CFR] §§ 1500-1508 (1978, as amended in 1986 and 2005))3; NSF procedures for 
implementing NEPA and CEQ regulations (45 CFR 640); 

• Marine Mammal Protection Act (MMPA) of 1972 (16 USC 1631 et seq.); 
• Endangered Species Act (ESA) of 1973 (16 USC ch. 35 §1531 et seq.); 
• National Historic Preservation Act (NHPA) (Public Law 89-665; 54 USC 300101 et seq.); 
• Coastal Zone Management Act (CZMA) of 1972 (16 USC §§1451 et seq.); 
• National Marine Sanctuaries Act (16 USC §1431 et seq.); and 
• Magnuson-Stevens Fishery Conservation and Management Act - Essential Fish Habitat 

(EFH) (Public Law 94-265; 16 USC ch. 38 §1801 et seq.). 

II ALTERNATIVES INCLUDING PROPOSED ACTION 

In this Final EA, two alternatives are evaluated: (1) the proposed seismic surveys and associated 
issuance of an associated IHA and (2) No Action alternative. Additionally, two alternatives were 
considered but were eliminated from further analysis.  A summary of the Proposed Action, the alternative, 
and alternatives eliminated from further analysis is provided at the end of this section. 

3 This EA is being prepared using the 1978 CEQ NEPA Regulations. NEPA reviews initiated prior to the effective date of the 
2020 CEQ NEPA regulations may be conducted using the 1978 version of the regulations. The effective date of the 2020 CEQ 
NEPA Regulations was September 14, 2020. This NEPA review began prior to this date (e.g., the Draft EA was posted for public 
comment on the NSF website 7 February 2020), and the agency has decided to proceed under the 1978 regulations. 



    

  

        
  

   
  

  

   
       

         
      
        

   
        

    
          

     
       

       
      

     
        

           
     

 

           
      

      
    

            
       

         
            

       
    

      
       

     
     

 
      

   
           

II. Alternatives Including Proposed Action 

2.1 Proposed Action 

The Final EA includes analysis for two separate proposals received by NSF; however, due to their 
linked and dependent nature, they are considered the Proposed Action and are jointly analyzed herein. The 
Proposed Action, including project objectives and context, activities, and monitoring/mitigation measures 
for the proposed seismic surveys and use of OBSs and OBNs, is described in the following subsections. 

2.1.1 Project Objectives and Context 

Researchers from L-DEO, Woods Hole Oceanographic Institution (WHOI), and the University of 
Texas at Austin Institute of Geophysics (UTIG), have proposed to conduct seismic surveys using 
R/V Langseth in the Northeast Pacific Ocean (Fig. 1). Although not funded through NSF, collaborators 
from the USGS, Drs. M. Nedimovic (Dalhousie University), and A. Calvert (Simon Fraser University; 
SFU) would work with the PIs to achieve the research goals, providing assistance, such as through logistical 
support, and data acquisition and exchange. 

OBSs and OBNs would leverage the seismic surveys by R/V Langseth. A complementary land-based 
research effort is also under consideration for NSF funding. Although the project has independent utility 
and therefore would undergo separate environmental review, the project would capitalize on proposed R/V 
Langseth marine-based activities and would vastly expand the geophysical dataset available for analysis 
for the Cascadia region. In addition, the proposed deep-penetration survey would complement the shallow-
imaging study by the USGS that is planned for the region as part of their multi-year hazard assessment 
study. The collection of seismic data by R/V Langseth would also represent an essential step in the 
development of International Ocean Discovery Program (IODP) activities along the Cascadia margin. The 
IODP project, which is not part of the Proposed Action, has been reviewed in a pre-proposal by the IODP 
Science Evaluation Panel. To complete the full proposal and subsequently execute its science plan, seismic 
data must be collected to identify drilling targets and to evaluate their suitability from both scientific and 
safety perspectives. The following information provides an overview of the research project objectives 
associated with the surveys. 

At the Cascadia Subduction Zone, the slow ongoing descent of the Juan de Fuca plate beneath the 
northwestern coast of North America has generated large earthquakes and associated tsunamis in the past. 
Geologic records suggest that some sections of the subduction zone fault or “megathrust”, which extends 
~35–90 mi. seaward from the coasts of northern California all the way to southern British Columbia (B.C.), 
slipped less than other sections during the last earthquake (1700 AD), and that in some prior large 
earthquakes, only parts of the subduction zone ruptured. The last earthquake is estimated to have been of 
magnitude 9, similar to that of the Tohoku earthquake in Japan in 2011; an earthquake of similar size is 
possible at Cascadia within the next century. Whether current inferences of along-margin variations in fault 
slip during the last earthquake may persist in future ruptures has important implications for quantifying 
earthquake and tsunami hazards for the population centers of the Pacific Northwest. Geologic structure 
such as seamounts and other topographic features in the descending Juan de Fuca plate, the structure and 
properties of the thick folded and faulted package of sediments that forms above the subduction zone fault, 
or the properties of megathrust fault rocks, could contribute to these along-margin variations. While at 
most of the World’s subduction zones there is abundant present-day seismicity along the megathrust which 
can be used to constrain first-order properties of the subduction fault including its depth and geometry, the 
Cascadia Subduction Zone is “eerily” quiet with little seismicity recorded from much of the megathrust. 
With the paucity of instrumentally-recorded seismicity and the lack of offshore geodetic constraints on the 
distribution of interseismic locking, little is known of the properties of the subduction zone fault interface 
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II. Alternatives Including Proposed Action 

FIGURE 1. Location of the proposed seismic surveys in the Northeast Pacific Ocean and conservation areas near the proposed survey location. 
Canadian conservation areas and critical habitat are denoted by *.  WA = Washington; SRKW – Southern Resident Killer Whale. 

Final Environmental Assessment/Analysis for L-DEO Cascadia Subduction Zone, 2021 Page 6 



    

     
   

   
       

       
                

  
     

      

          
    

         
       

              
      

     
    

       
        

       
  

         
  

   

      
        

     
      

  
     

             
              

   

  

      

     
    

     
        

         
         

 

      

II. Alternatives Including Proposed Action 

within the mega-thrust earthquake zone and how they vary along and across strike. The current 
observations allow for a wide range of possible future earthquake scenarios.  

The acquired data would be designed to characterize: 1) the deformation and topography of the 
incoming plate; 2) the depth, topography, and reflectivity of the megathrust; 3) sediment properties and 
amount of sediment subduction; and 4) the structure and evolution of the accretionary wedge, including 
geometry and reflectivity of fault networks, and how these properties vary along strike, spanning the full 
length of the margin and down dip across what may be the full width of the seismogenic zone at Cascadia. 
The data would be processed to pre-stack depth migration using state-of-the art seismic processing 
techniques and would be made openly available to the community, providing a high-quality data set 
illuminating the regional subsurface architecture all along the Cascadia Subduction Zone. 

Aside from localized surveys conducted in 2012 by R/V Langseth using an 8-km streamer, no modern 
multi-channel seismic (MCS) data have been acquired at the Cascadia Subduction Zone. Data acquired 
prior to these surveys were collected in the 80’s and 90’s with much shorter streamers (2.6–4 km) and 
poorer quality sources and provide poor-to-no image of the earthquake fault interface at Cascadia. Long 
streamer (>8 km) MCS data represent major advances over the previous generation of MCS studies in the 
region for two primary reasons. (1) Data acquired with long-offset streamers support advanced techniques 
for noise and multiple suppression that enable imaging with improved clarity and resolution of the plate 
interface to much greater depths than previously obtained. (2) They enable construction of high-resolution, 
high-accuracy velocity models, which not only contribute to improved imaging via pre-stack depth 
migration, but can provide constraints on material properties at the megathrust that affect slip behavior. 
The proposed 15-km long streamer would provide significantly improved velocity determination from both 
reflection move-out based analysis and recorded refractions. The proposed study would also provide the 
first regional-scale characterization of the full length of the Cascadia Subduction Zone, enabling the first 
study of along-strike segmentation in megathrust properties.  It would move the Cascadia megathrust zone 
from arguably one of the least well characterized heavily populated megathrust regions to one of the best. 

Modern long-offset marine seismic reflection imaging techniques provide the best tools available for 
illuminating a subduction zone to the depths of the earthquake source region and below. They also provide 
constraints on geologic structure and material properties at the subduction fault that contribute to frictional 
state and variations in slip behavior along the fault. The overall goal of the seismic program proposed by 
L-DEO, UTIG, and WHOI is to acquire a regional grid of modern marine seismic reflection data spanning 
the entire Cascadia Subduction Zone to image how the geologic structure and properties of this subduction 
zone vary both along and across the margin. To achieve the project goals, the Principal Investigators (PI) 
Drs. S. Carbotte (L-DEO), P. Canales (WHOI), and S. Han (UTIG) propose to utilize 2-D seismic reflection 
capabilities of R/V Langseth and OBSs and OBNs. 

2.1.2 Proposed Activities 

2.1.2.1 Location of the Survey Activities 

The proposed survey would occur within ~42–51°N, ~124–130°W. Representative survey tracklines 
are shown in Figure 1. As described further in this document, however, some deviation in actual track 
lines, including the order of survey operations, could be necessary for reasons such as science drivers, poor 
data quality, inclement weather, or mechanical issues with the research vessel and/or equipment. Thus, for 
the surveys, the tracklines could occur anywhere within the coordinates noted above. The surveys are 
proposed to occur within Exclusive Economic Zones (EEZ) of the U.S. and Canada, as well as in U.S. state 
waters and Canadian Territorial Waters, ranging in depth 60–4400 m.  
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II. Alternatives Including Proposed Action 

2.1.2.2 Description of Activities 

The procedures to be used for the proposed marine geophysical surveys would be similar to those 
used during previous surveys by L-DEO and would use conventional seismic methodology. The survey 
would involve one source vessel, R/V Langseth, which would tow a 36-airgun array with a discharge 
volume of ~6600 in3 at a depth of 12 m, and a shot interval of 37.5 m (~17 s). The receiving system would 
consist of a 15-km long hydrophone streamer. OBSs and OBNs would be deployed from a second vessel, 
R/V Oceanus; this OBS program would leverage the seismic surveys by R/V Langseth. 

As the airgun arrays are towed along the survey lines, the hydrophone streamer would transfer the 
data to the on-board processing system; the OBSs and OBNs would receive and store the returning acoustic 
signals internally for later analysis. Approximately 6540 km of transect lines would be surveyed in the 
Northeast Pacific Ocean. Most of the survey (69%) would occur in deep water (>1000 m), 28% would 
occur in intermediate water (100–1000 m deep), and ~3% would take place in shallow water <100 m deep. 
Approximately 3.6% of the transect lines (234 km) would be undertaken in Canadian Territorial Waters, 
with most effort in intermediate waters. 

Long 15-km-offset MCS data would be acquired along numerous 2-D profiles oriented perpendicular 
to the margin and located to provide coverage in areas inferred to be rupture patches during past earthquakes 
and their boundary zones. The survey would also include several strike lines including one continuous line 
along the continental shelf centered roughly over gravity-inferred fore-arc basins to investigate possible 
segmentation near the down-dip limit of the seismogenic zone. The margin normal lines would extend 
~50 km seaward of the deformation front to image the region of subduction bend faulting in the incoming 
oceanic plate, and landward of the deformation front to as close to the shoreline as can be safely 
maneuvered. It is proposed that the southern transects off Oregon are acquired first, followed by the profiles 
off Washington and Vancouver Island, B.C. 

In addition to the operation of the airgun array, a multibeam echosounder (MBES), sub-bottom 
profiler (SBP), and Acoustic Doppler Current Profiler (ADCP) would be operated from R/V Langseth 
continuously during the seismic surveys, but not during transit to and from the survey area. All planned 
geophysical data acquisition activities would be conducted by L-DEO with on-board assistance by the 
scientists who have proposed the studies. The vessel would be self-contained, and the crew would live 
aboard the vessel. 

2.1.2.3 Schedule 

The proposed surveys would be expected to last for 40 days, including ~37 days of seismic operations, 
2 days of equipment deployment, and 1 day of transit. R/V Langseth would likely leave out of Newport, OR, 
and return to port in Seattle, WA, during late spring/summer 2021. As R/V Langseth is a national asset, NSF 
and L-DEO strive to schedule its operations in the most efficient manner possible; schedule efficiencies are 
achieved when regionally occurring research projects are scheduled consecutively and non-operational 
transits are minimized. Because of the nature of the NSF merit review process and the long timeline associated 
with the ESA Section 7 consultation and IHA processes, not all research projects or vessel logistics are 
identified at the time the consultation documents are submitted to federal regulators; typically, however, these 
types of details, such as port arrival/departure locations, are not a substantive component of the consultations. 
The ensuing analysis (including take estimates) focuses on the time of the survey (late spring/summer); the 
best available species densities for that time of the year have been used.  
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II. Alternatives Including Proposed Action 

2.1.2.4 Vessel Specifications 

R/V Langseth is described in § 2.2.2.1 of the PEIS. The vessel speed during seismic operations 
would be ~4.2 kt (~7.8 km/h).  

R/V Oceanus would be used to deploy OBSs and OBNs. R/V Oceanus has a length of 54 m, a beam 
of 10 m, and a draft of 5.3 m. The ship is powered by one EMD diesel engine, producing 3000 hp, which 
drives the single screw propeller. The vessel also has a 350 hp bowthruster. The cruising speed is 20 km/h, 
the endurance is 30 days, and the range is ~13,000 km.  

Other details of R/V Oceanus include the following: 
Owner: National Science Foundation 
Operator: 
Flag: 
Date Built: 

Oregon State University 
United States of America 
1975 

Gross Tonnage: 
Accommodation Capacity: 

261 
25 including ~13 scientists 

2.1.2.5 Airgun Description 

During the surveys, R/V Langseth would tow four strings with 36 airguns (plus 4 spares). During 
the surveys, all four strings totaling 36 active airguns with a total discharge volume of 6600 in3, would be 
used. The airgun array is described in § 2.2.3.1 of the PEIS; the airgun configuration is illustrated in Figure 
2-11 of the PEIS.  The array would be towed at a depth of 12 m, and the shot interval would be 37.5 m. 

2.1.2.6 OBS and OBN Description 

The OBSs would consist of short-period multi-component OBSs from the Ocean Bottom 
Seismometer Instrument Center (OBSIC) and a large-N array of OBNs from a commercial provider to 
record shots along ~10 margin-perpendicular profiles. OBSs would be deployed at 10-km spacing along 
~10 profiles from Vancouver Island to Oregon, and OBNs would be deployed at a 500-m spacing along a 
portion of three profiles off Oregon.  Two OBS deployments would occur with a total of 115 instrumented 
locations. One deployment consisting of 60 OBSs to instrument six profiles off Oregon, and a second 
deployment of 55 OBSs to instrument four profiles off Washington and Vancouver Island. The first 
deployment off Oregon would occur prior to the start of the proposed survey, after which R/V Langseth 
would acquire data in the southern portion of the study area. R/V Oceanus would start recovering the OBSs 
from deployment 1, and then re-deploy 55 OBSs off Washington and Vancouver Island, so that 
R/V Langseth can acquire data in the northern portion of the survey area. The OBSs have a height and 
diameter of ~1 m, and most would have an ~80 kg anchor made of steel. OBSs deployed within the 
OCNMS (three total) would have a concrete anchor, ~0.3 m x 0.3 m x 0.16 m, weighing ~36 kg in air and 
~20 kg in water. The concrete anchors disintegrate faster than the steel anchors. While the concrete anchors 
have some steel embedded as an attachment point for the OBS, they would degrade, mainly to sand. 

A total of 350 nodes would be deployed: 179 nodes along one transect off northern Oregon, 1007 
nodes along a second transect off central Oregon, and 64 nodes along a third transect off southern Oregon. 
The nodes are not connected to each other; each node is independent from each other, and there are no 
cables attached to them. Each node has internal batteries; all data is recorded and stored internally. The 
nodes weigh 21 kg in air (9.5 kg in water). As the OBNs are small (330 mm x 289 mm x 115 mm), compact, 
not buoyant, and lack an anchor-release mechanism, they cannot be deployed/recovered by free-fall as with 
the OBSs.  The nodes would be deployed and retrieved using a tethered remotely operated vehicle (ROV); 
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II. Alternatives Including Proposed Action 

the ROV would be deployed from R/V Oceanus. OBNs would be deployed ~17 days prior to the start of 
the R/V Langseth cruise. The ROV would be fitted with a skid with capacity for 32 units, lowered to the 
seafloor, and towed at a speed of 0.6 kt at 5–10 m above the seafloor between deployment sites. After the 
32 units are deployed, the ROV would be retrieved, the skid would be reloaded with another 32 units, and 
sent back to the seafloor for deployment, and so on. The ROV would recover the nodes 3 days after the 
completion of the R/V Langseth cruise. The nodes would be recovered one by one by a suction mechanism. 

2.1.2.7 Additional Acoustical Data Acquisition Systems 

Along with the airgun operations, two additional acoustical data acquisition systems (an MBES and 
SBP) would be operated from R/V Langseth during the proposed surveys, but not during transits to/from 
the survey site and port. The ocean floor would be mapped with the Kongsberg EM 122 MBES and a 
Knudsen Chirp 3260 SBP. These sources are described in § 2.2.3.1 of the PEIS. To retrieve OBSs, an 
acoustic release transponder (pinger) is used to interrogate the instrument at a frequency of 8–11 kHz, and 
a response is received at a frequency of 11.5–13 kHz. The burn-wire release assembly is then activated, 
and the instrument is released to float to the surface from the anchor which is not retrieved. However, 
OBSs would not be recovered by R/V Langseth. 

2.1.3 Monitoring and Mitigation Measures 

Standard monitoring and mitigation measures for seismic surveys are described in § 2.4.1.1 and 2.4.2 
of the PEIS and would occur in two phases: pre-cruise planning and operations. The following sections 
describe the efforts during both stages for the proposed activities. Numerous papers have been published 
with recommendations on how to reduce anthropogenic sound in the ocean (e.g., Simmonds et al. 2014; 
Wright 2014; Dolman and Jasny 2015). Some of those recommendations have been taken into account here. 

2.1.3.1 Planning Phase 

As discussed in § 2.4.1.1 of the PEIS, mitigation of potential impacts from the proposed activities 
begins during the planning phase. Several factors were considered during the planning phase of the 
proposed activities, including: 

Energy Source.—Part of the considerations for the proposed marine seismic surveys was to evaluate 
whether the research objectives could be met with a smaller energy source. However, the scientific 
objectives for the proposed surveys could not be met using a smaller source. The full R/V Langseth source 
array is needed to reach the deep imaging targets of the megathrust and oceanic Moho under the continental 
margin (up to ~20 km bsl). This large source is also needed to ensure recording of refracted arrivals at large 
ranges of up to 200 km on the planned OBS array as well as an array of land stations that may be deployed. 

Survey Location and Timing.—The PIs worked with NSF to consider potential times to carry out 
the proposed surveys, key factors taken into consideration included environmental conditions (i.e., the 
seasonal presence of marine mammals, sea turtles, and seabirds), weather conditions, equipment, and 
optimal timing for other proposed seismic surveys using R/V Langseth. Although marine mammals, 
including baleen whales, are expected to occur regularly in the proposed survey area during the spring and 
summer, the peak migration period for gray whales is expected to occur before the start of the surveys. Late 
spring/summer is the most practical season for the proposed surveys based on operational requirements.  

Changes to the location of proposed seismic transect were also made during consultation with NMFS, 
USFWS, and DFO. Off Washington and Oregon, all transect lines and the associated Level B ensonified 
areas (based on the 160-dB re 1µParms sound level) were moved out of high-density killer whale habitat 
and/or areas off Washington and B.C. in water <100 m depth. All lines off Washington were also moved 
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II. Alternatives Including Proposed Action 

out of the 100-m isobath to avoid part of the proposed critical habitat for killer whales and >21 km from 
shore to avoid sea otters takes. In addition, off Oregon, proposed transect lines and associated 160-dB 
ensonified areas around the lines were moved outside of potential sea otter habitat (within the 40-m isobath) 
off Newport, Cape Arago, and Cape Blanco. After discussions with Canadian Department of Fisheries and 
Oceans (DFO), transect lines and associated 160-dB ensonified areas were moved out of Canadian 
designated critical habitat for killer whales off Vancouver Island, B.C. 

Mitigation Zones.—During the planning phase, mitigation zones for the proposed marine seismic 
surveys using the 36-airgun array (at a tow depth of 12 m) were not derived from the farfield signature but 
based on modeling by L-DEO for both the exclusion zones (EZ) for Level A takes and full mitigation zones 
(160 dB re 1µParms) for Level B takes. L-DEO model results were used to determine the 160-dBrms radius 
for the 36-airgun array and 40-in3 airgun at a 12-m tow depth in deep water (>1000 m) down to a maximum 
depth of 2000 m, as animals are generally not anticipated to dive below 2000 m (Costa and Williams 
1999).In the Draft EA, the radii for intermediate water depths (100–1000 m) were derived from the 
deep-water ones by applying a correction factor of 1.5. For shallow water (<100 m), radii were based on 
empirically derived measurements in the Gulf of Mexico (GoM) with scaling applied to account for 
differences in tow depth (see Appendix A).  

However, after consultation with NMFS, the mitigation zones for the Level B (160-dB) threshold 
were revised based on a combination of empirical data and modeling. The background information and 
methodology for this are provided in Appendix A. The L-DEO model results were still used to determine 
the 160-dBrms radius for the 36-airgun array and 40-in3 airgun (mitigation airgun) at a 12-m tow depth in 
deep water (>1000 m) down to a maximum depth of 2000 m. However, for the 36-airgun array, radii for 
intermediate-water depths (100–1000 m) and shallow water (<100 m) were derived from empirical data 
from Crone et al. (2014) with a scaling factor applied to account for differences in tow depth (see Appendix 
A). As Crone et al. (2014) did not collect empirical data for the 40-in3 airgun, the radii for intermediate 
water and shallow water were derived as before.  

Table 1 shows the distances at which the 160-dB re 1µParms sound levels are expected to be received 
for the 36-airgun array and the single (mitigation) airgun. The 160-dB level is the behavioral disturbance 
criterion (Level B) that is used by NMFS to estimate anticipated takes for marine mammals. Table 1 also 
shows the distances at which the 175-dB re 1µParms sound level is expected to be received for the 36-airgun 
array and a single airgun; this level is used by NMFS, as well as the U.S. Navy (USN 2017), to determine 
behavioral disturbance for turtles. 

The thresholds for permanent threshold shift (PTS) onset or Level A Harassment (injury) for marine 
mammals and sea turtles for impulsive sounds use dual metrics of cumulative sound exposure level (SELcum 

over 24 hours) and peak sound pressure levels (SPLflat). Different thresholds are provided for the various 
hearing groups, including low-frequency (LF) cetaceans (e.g., baleen whales), mid-frequency (MF) 
cetaceans (e.g., most delphinids), high-frequency (HF) cetaceans (e.g., harbor porpoise and Kogia spp.), 
phocids underwater (PW), and otariids underwater (OW) (NMFS 2016a, 2018a), and sea turtles (USN 
2017). Per the Technical Guidance for Assessing the Effects of Anthropogenic Sound on Marine Mammal 
Hearing (NMFS 2016a, 2018a), the largest distance of the dual criteria (SELcum or Peak SPLflat) was used 
to calculate Level A takes and threshold distances for marine mammals. Here, SELcum is used for turtles 
and LF cetaceans, and Peak SPL is used for all other marine mammal hearing groups (Table 2). 
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II. Alternatives Including Proposed Action 

TABLE 1. Level B. Predicted distances to which sound levels 160-dB and 175-dB re 1 μParms could be 
received during the proposed surveys in the Northeast Pacific Ocean. The 160-dB criterion applies to all 
hearing groups of marine mammals and the 175-dB criterion applies to sea turtles. 

Source and 
Volume 

Tow 
Depth (m) 

Water Depth 
(m) 

Predicted distances 
(in m) to the 160-dB 

Received Sound Level 

Predicted distances 
(in m) to the 175-dB 

Received Sound Level 
>1000 m 4311 771* 

Single Bolt airgun, 
40 in3 12 100–1000 m 

<100 m 

6472 

1,0413 

1162 

1703 

4 strings, 
36 airguns, 

6600 in3 
12 

>1000 m 

100–1000 m 

<100 m 

6,7331 

9,4684 

12,6504 

1,8641 

2,5424 

3,9244 

1 Distance is based on L-DEO model results. 2 Distance is based on L-DEO model results with a 1.5 × correction factor between 
deep and intermediate water depths. 3 Distance is based on empirically derived measurements in the GoM with scaling applied to 
account for differences in tow depth. 4 An EZ of 100 m would be used as the shut-down distance for sea turtles in all water depths. 
4 Based on empirical data from Crone et al. (2014); see Appendix A for details. 

TABLE 2. Level A threshold distances for different marine mammal hearing groups and sea turtles for the 
36-airgun array. Consistent with NMFS (2016a, 2018a), the largest distance (in bold) of the dual criteria 
(SELcum or Peak SPLflat) was used to calculate Level A takes and threshold distances.  

Level A Threshold Distances (m) for Various Hearing Groups 
Low-

Frequency 
Cetaceans 

Mid-
Frequency 
Cetaceans 

High-
Frequency 
Cetaceans 

Phocid 
Pinnipeds 

Otariid 
Pinnipeds 

Sea Turtles 

PTS SELcum 426.9 0 1.3 13.9 0 20.5 

PTS Peak 38.9 13.6 268.3 43.7 10.6 10.6 

This document was prepared in accordance with the current National Oceanic and Atmospheric 
Administration (NOAA) acoustic practices, and the monitoring and mitigation procedures are based on best 
practices noted by Pierson et al. (1998), Weir and Dolman (2007), Nowacek et al. (2013a), Wright (2014), 
Wright and Cosentino (2015), and Acosta et al. (2017). For other recent high-energy seismic surveys 
conducted by L-DEO, NMFS required protected species observers (PSOs) to establish and monitor a 500-m 
EZ for power downs and to monitor an additional 500-m buffer zone beyond the EZ for most marine 
mammals. A 1500-m EZ was established for beaked whales, and dwarf and pygmy sperm whales. A power 
down required the reduction of the full array to a single 40-in3 airgun; a 100-m EZ was established and 
monitored for shut downs of the single airgun. However, based on recent direction from NMFS, power 
downs would not be allowable under the IHA; shut downs would be implemented for marine mammals 
within the designated EZ. A power down would be implemented for sea turtles or diving ESA-listed 
seabirds in U.S. waters. A 100-m EZ would be used for shut downs of the single airgun during power 
downs for sea turtles and seabirds. Enforcement of mitigation zones via power and shut downs would be 
implemented as described below. 
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II. Alternatives Including Proposed Action 

2.1.3.2 Operational Phase 

Marine mammals and sea turtles are known to occur in the proposed survey area. However, the 
number of individual animals expected to be approached closely during the proposed activities are expected 
to be relatively small in relation to regional population sizes. To minimize the likelihood that potential 
impacts could occur to the species and stocks, monitoring and mitigation measures proposed during the 
operational phase of the proposed activities, which are consistent with the PEIS and past IHA and incidental 
take statement (ITS) requirements, include: 

1. monitoring by PSOs for marine mammals, sea turtles, and ESA-listed seabirds diving 
near the vessel, and observing for potential impacts of acoustic sources on fish; 

2. passive acoustic monitoring (PAM); 

3. PSO data and documentation; and 

4. mitigation during operations (speed or course alteration; power-down, shut-down, and 
ramp-up procedures; and special mitigation measures for rare species, species 
concentrations, and sensitive habitats). 

Five independently contracted PSOs would be on board the survey vessel with rotating shifts to allow 
two observers to monitor for marine species during daylight hours, and one observer to conduct PAM during 
day- and night-time seismic operations. The proposed operational mitigation measures are standard for all 
high-energy seismic cruises, per the PEIS, and are described in the IHA application, and therefore are not 
discussed further here. Special mitigation measures were considered for this cruise. In order to prevent 
ship strikes, vessel speed would be reduced to 10 kt or less when mother/calf pairs, pods, or large 
assemblages of marine mammals are observed (during seismic operations vessel speed would only be 
~4.2 kt). Vessels would maintain a separation distance of 500 m from any right whale, 400 m from killer 
whales in Canadian waters between the U.S. EEZ and just north of Barkley Sound, 200 m from killer whales 
in all other Canadian waters, 100 m from large whales (mysticetes and sperm whales) in U.S. waters and 
all cetaceans except killer whales in Canadian waters, and 50 m from all other marine mammals in U.S. 
waters, with an exception for those animals that voluntarily approach the vessel (i.e., bow-riding dolphins). 

It is unlikely that concentrations of large whales would be encountered within the 160-dB isopleth, 
but if a group of six or more is encountered, a shut down would be implemented at any distance. In addition, 
a shut down at any distance would be implemented for a large whale with calf, North Pacific Right Whale, 
and all killer whales, whether they are detected visually or acoustically. Shut downs within an EZ of 1500 m 
would occur for pygmy sperm, dwarf sperm, and beaked whales. In U.S. waters, the designated EZ for 
shut downs for other marine mammals (with the exception of bow-riding dolphins) is 500 m.  In Canadian 
waters, the designated EZ for shut downs for other marine mammal species and sea turtles is 1000 m, except 
for sperm whales, for which the EZ is 1500 m. 

Additional mitigation measures for the endangered southern resident killer whale stock would be 
implemented. The “Management measures to protect southern resident killer whales” released by DFO 
would be adhered to, and are included in the summary above regarding separation distances. . North of 
Tillamook Head, OR, there would be no night-time seismic operations in water <200 m deep; survey 
operations would occur in daylight hours only (i.e., from 30 minutes prior to sunrise through 30 minutes 
following sunset) to ensure the ability to use visual observation as a detection-based mitigation tool and to 
implement shut down procedures for species or situations with additional shut-down requirements outlined 
above (e.g., killer whale of any ecotype, North Pacific right whale, aggregation of six or more large whales, 
large whale with a calf). 
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II. Alternatives Including Proposed Action 

Additionally, while R/V Langseth is surveying north of Tillamook Head OR, in waters 200 m deep 
or less, and when operating within the OCNMS and Makah Tribal U&A Fishing Areas, a secondary 
monitoring vessel with additional PSOs would be employed to observe ahead of and communicate with 
R/V Langseth regarding presence of killer whales and other cetaceans for assistance with implementation 
of mitigation measures.  This secondary vessel would travel ~5 km ahead of R/V Langseth, and two PSOs 
would be on watch during all survey operations to alert PSOs on R/V Langseth of any marine mammal 
sightings so that they may be prepared to initiate shut down, if necessary. Each day of survey operations, 
L–DEO would contact NMFS Northwest Fisheries Science Center, NMFS West Coast Region, The Whale 
Museum, Orca Network, Canada’s DFO, the Makah Tribe, and/or other sources to obtain near real-time 
reporting for the whereabouts of Southern Resident killer whales. 

With the proposed monitoring and mitigation provisions, potential effects on most, if not all, 
individuals would be expected to be limited to minor behavioral disturbance. Those potential effects would 
be expected to have negligible impacts both on individual marine mammals and on the associated species 
and stocks. Ultimately, survey operations would be conducted in accordance with all applicable U.S. 
federal regulations, including IHA and ITS requirements. 

2.2 Alternative 1: No Action Alternative 

An alternative to conducting the Proposed Action is the “No Action” alternative, i.e., do not issue an 
IHA and do not conduct the research operations (Table 3). Under the “No Action” alternative, NSF would 
not support L-DEO to conduct the proposed research operations. From NMFS’ perspective, pursuant to its 
obligation to grant or deny permit applications under the MMPA, the “No Action” alternative entails NMFS 
denying the application for an IHA. If NMFS were to deny the application, L-DEO would not be authorized 
to incidentally take marine mammals. If the research was not conducted, the “No Action” alternative would 
result in no disturbance to marine mammals attributable to the Proposed Action. Although the No-Action 
Alternative is not considered a reasonable alternative because it does not meet the purpose and need for the 
Proposed Action, it is included and carried forward for analysis in § 4.3. 

2.3 Alternatives Considered but Eliminated from Further Analysis 

Table 3 provides a summary of the Proposed Action, alternative, and alternatives eliminated from 
further analysis. 

2.3.1 Alternative E1: Alternative Location 

At the Cascadia Subduction Zone, the slow ongoing descent of the Juan de Fuca plate beneath the 
northwestern coast of North America has generated large earthquakes and associated tsunamis in the past 
in this heavily populated region of the Pacific Northwest. This would be the first seismic imaging 
investigation spanning nearly the entire length of the Cascadia Subduction Zone and would move the 
Cascadia megathrust zone from arguably one of the least well characterized heavily populated megathrust 
regions to one of the best. The overarching goal of the study is to use modern MCS data to characterize 
subducting plate and accretionary wedge structure, and properties of the megathrust, along the full length 
of the Cascadia Subduction Zone. This regional characterization would be used to determine whether there 
are any systematic relationships among upper and lower plate properties, paleorupture segmentation, and 
along-margin variations in present-day coupling at Cascadia. The data would also be used to characterize 
down-dip variations along the megathrust that may be linked to transitions in fault properties, from the 
updip region near the deformation front, which is of most interest for tsunamigenesis, to near shore where 
the downdip transition in the locked zone may reside.  
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II. Alternatives Including Proposed Action 

TABLE 3. Summary of Proposed Action, Alternative Considered, and Alternatives Eliminated. 

Proposed Action Description 

Proposed Under this action, research activities are proposed to study earth processes and would involve 
Action: Conduct 2-D seismic surveys. Active seismic portions would be expected to take ~39 days, plus 1 day for 
marine transit. Additional operational days would be expected for equipment deployment, maintenance, 
geophysical and retrieval; weather; marine mammal activity; and other contingencies. The affected 
surveys and environment, environmental consequences, and cumulative impacts of the proposed activities 
associated are described in § III and IV.  The standard monitoring and mitigation measures identified in the 
activities in the PEIS would apply, along with any additional requirements identified by regulating agencies in the 
Northeast U.S. and Canada. All necessary permits and authorizations, including an IHA, would be 
Pacific Ocean requested from regulatory bodies. 

Alternatives Description 

Alternative 1: Under this Alternative, no proposed activities would be conducted, and seismic data would not 
No Action be collected. While this alternative would avoid impacts to marine resources, it would not meet 

the purpose and need for the Proposed Action. Geological data of scientific value and relevance 
increasing our understanding of Cascadia Subduction Zone, adding to the comprehensive 
assessment of geohazards for the Pacific Northwest such as earthquakes and tsunamis, and for 
the development of an earthquake early warning network, would not be collected. The collection 
of new data, interpretation of these data, and introduction of new results into the greater scientific 
community and applicability of these data to other similar settings would not be achieved. No 
permits and authorizations, including an IHA, would be needed from regulatory bodies, as the 
Proposed Action would not be conducted. 

Alternatives 
Eliminated from 
Further Analysis 

Description 

Alternative E1: At the Cascadia Subduction Zone, the slow ongoing descent of the Juan de Fuca plate beneath 
Alternative the northwestern coast of North America has generated large earthquakes and associated 
Location tsunamis in the past in this heavily populated region of the Pacific Northwest. This would be the 

first seismic imaging investigation spanning nearly the entire length of the Cascadia Subduction 
Zone and would move the Cascadia megathrust zone from arguably one of the least well 
characterized heavily populated megathrust regions to one of the best. The acquired data would 
add to the comprehensive assessment of geohazards for the Northeast Pacific region. The 
proposed science underwent the NSF merit review process, and the science, including the site 
location, was determined to be meritorious. 

Alternative E2: Under this alternative, L-DEO would use alternative survey techniques, such as marine vibroseis, 
Use of that could potentially reduce impacts on the marine environment. Alternative technologies were 
Alternative evaluated in the PEIS, § 2.6. At this time, however, these technologies are still not feasible, 
Technologies commercially viable, or appropriate to meet the Purpose and Need. 

2.3.2 Alternative E2: Use of Alternative Technologies 

As described in § 2.6 of the PEIS, alternative technologies to the use of airguns were investigated to 
conduct high-energy seismic surveys. At this time, these technologies are still not feasible, commercially 
viable, or appropriate to meet the Purpose and Need. Additional details about these technologies are given 
in the Final USGS EA (RPS 2014a).  
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III. Affected Environment 

III AFFECTED ENVIRONMENT 

As described in the PEIS, Chapter 3, the description of the affected environment focuses only on 
those resources potentially subject to impacts from the actions being proposed here; other activities 
(e.g., land-based component) will be analyzed under separate review. The discussion of the affected 
environment (and associated analyses) focuses mainly on those related to marine biological resources, as 
the proposed short-term activity has the potential to impact marine biological resources within the project 
area. These resources are identified in § III, and the potential impacts to these resources are discussed in 
§ IV. Initial review and analysis of the proposed Project activity determined that the following resource 
areas did not require further analysis in this EA: 

• Air Quality/Greenhouse Gases—Project vessel emissions would result from the proposed 
activity; however, these short-term emissions would not result in any exceedance of Federal 
Clean Air standards. Emissions would be expected to have a negligible impact on the air 
quality within the proposed survey area; 

• Land Use—All activities are proposed to occur in the marine environment. No changes to 
current land uses or activities in the proposed survey area would result from the Project; 

• Safety and Hazardous Materials and Management—No hazardous materials would be 
generated or used during the proposed activities. All Project-related wastes would be disposed 
of in accordance with international, U.S. state, and federal requirements; 

• Geological Resources (Topography, Geology and Soil)—The proposed Project would result in 
very minor disturbances to seafloor sediments from OBN and OBS deployments during the 
surveys; small anchors would not be recovered. The proposed activities would not significantly 
impact geologic resources; 

• Water Resources—No discharges to the marine environment that would adversely affect 
marine water quality are expected in the Project area. Therefore, there would be no impacts to 
water resources resulting from the proposed Project activity; 

• Terrestrial Biological Resources—All proposed Project activities would occur in the marine 
environment and would not impact terrestrial biological resources; 

• Visual Resources—No visual resources would be expected to be negatively impacted as the 
majority of the peration area is outside of the land and coastal viewshed. 

• Socioeconomic and Environmental Justice—Implementation of the proposed project would not 
affect, beneficially or adversely, socioeconomic resources, environmental justice, or the 
protection of children. No changes in the population or additional need for housing or schools 
would occur. Although there are a number of shore-accessible SCUBA diving sites along the 
coasts of Oregon, Washington, and B.C. (see Section 3.9), the proposed activities would occur 
in water depths >60 m, outside the range for recreational SCUBA diving.  Human activities in 
the area around the survey vessel would be limited to fishing activities, NMFS trawl surveys, 
other vessel traffic, and whale watching. However, no significant impacts on fishing, vessel 
traffic, or whale watching would be anticipated particularly because of the short duration of the 
proposed activities. Fishing and potential impacts to fishing are described in further detail in 
Sections III and IV, respectively. No other socioeconomic impacts would be anticipated as 
result of the proposed activities. 
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III. Affected Environment 

3.1 Oceanography 

The proposed survey area is located in the northeastern Pacific Ocean. The North Pacific Current 
(NPC) is a warm water current that flows west to east between 40ºN and 50ºN. The NPC forms the northern 
part of the clockwise-flowing subtropical gyre; to the north of it, the subarctic gyre flows counterclockwise 
(Escorza-Treviño 2009).  The convergence zone of the subarctic and central gyres, known as the Subarctic 
Boundary, crosses the western and central North Pacific Ocean at 42ºN (Escorza-Treviño 2009). It is in 
that area that the change in abundance of cold-water vs. warm-water species is the greatest 
(Escorza-Treviño 2009). In the eastern Pacific, the NPC splits into the northward flowing Alaska Current 
and the southward flowing California Current (Escorza-Treviño 2009). The California Current system 
nutrifies offshore waters by mixing with water from the shelf edge (Buchanan et al. 2001). 

The northern portion of the proposed survey area (i.e., Vancouver Island) is located within the Gulf 
of Alaska Large Marine Ecosystem (LME); this LME is classified as a Class II, moderately productive 
(150–300 gC/m2/y) ecosystem (Aquarone and Adams 2009a). The southern portion of the proposed survey 
area (Washington and Oregon) is located within the California Current LME. This LME is considered a 
Class III low productivity ecosystem (<150 gC/m2/y) although seasonal upwelling of cold nutrient-rich 
water in this region generate localized areas of high productivity supporting fisheries (Aquarone and 
Adams 2009b). Winds blowing toward the equator cause upwelling during March–November and are 
strongest over the main flow of the California Current which is 200–400 km offshore (Longhurst 2007). 
Persistent eddies in the summer in some locations, like the Strait of Juan de Fuca, can transport upwelling 
waters up to several hundred kilometers offshore (Longhurst 2007). Even in winter, cold upwelled water 
“tongues” can extend offshore for hundreds of kilometers, increasing nutrient levels offshore 
(Longhurst 2007). The highest productivity occurs in May–June (Longhurst 2007). Acoustic backscatter 
surveys within the California Current LME showed that fish and zooplankton are associated with shallow 
bathymetry in this region; the highest densities were located in water <4000 m deep (Philbrick et al. 2003). 

Numerous publications have examined the role of climate shifts as a forcing agent on species and 
community structure of the North Pacific Ocean (e.g., Francis and Hare 1994; Klyashtorin 1998; 
McGowan et al. 1998; Hollowed et al. 1998; Hare and Mantua 2000). Regime shifts that might impact 
productivity in the region include the Pacific Decadal Oscillation (PDO) and the El Niño Southern 
Oscillation. The PDO is similar to a long-lived El Niño-like pattern of climate variability; it is mainly 
evident in the North Pacific/North American area, whereas El Niños are typical in the tropics 
(Mantua 1999). PDO “events” persist for 20–30 years, whereas typical El Niño events persist for 
6–18 months (Mantua 1999). In the past century, there have been two PDO cycles: “cool” PDO regimes 
during 1890–1924 and 1947–1976, and “warm” PDO regimes during 1925–1946 and 1977–the mid-1990s 
(Mantua et al. 1997; Minobe 1997). The latest “cool” period appears to have occurred during the mid-1990s 
until 2013 (NOAA 2019a). 

A mass of warm water, referred to as “the Blob”, formed in the Gulf of Alaska during autumn 2013 
and grew and spread across the majority of the North Pacific and Bering Sea during spring and summer 
2014, resulting in sea surface temperature anomalies ≥4ºC across the region (Peterson et al. 2016). During 
autumn 2014, decreased upwelling winds caused a portion of this warm water to travel eastward towards 
the continental shelf off eastern Alaska and the Pacific Northwest, making the sea surface temperature 
pattern associated with the Blob resemble a “warm” or “positive” PDO pattern (Peterson et al. 2016). 
Ongoing effects from “the Blob” were further perturbed by a major El Niño arriving from the south and 
affecting the region during 2015 and 2016, the combination of which reduced the ecosystem’s productivity 
and altered marine community structure for several years (Brodeur et al. 2018). As of May 2016, sea 
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III. Affected Environment 

surface temperature anomalies in the outer shelf waters off Oregon remained 2ºC higher, with indications 
the trend would likely continue well into 2017 (Peterson et al. 2016). Changes in the eastern North Pacific 
Ocean marine ecosystem have been correlated with changes in the PDO. Warm PDOs showed increased 
coastal productivity in Alaska and decreased productivity off the U.S. west coast, whereas the opposite 
north-south pattern of marine ecosystem productivity was seen during cold PDOs (Mantua 1999). 

During late 2018, sustained unseasonably warm conditions likely caused the formation of a new mass 
of warm water encompassing a large portion of the Pacific Ocean, emulating “the Blob” and dubbed the 
“Son of the Blob” (Britten 2018). Such warm-water masses are speculated to be linked to climate change 
and have been correlated with warmer weather on land, deceased whales and extreme mortality events of 
other higher-trophic level organisms, occurrences of uncommon marine taxa, widespread toxic algal 
blooms, and poor feeding conditions for many fish species (Britten 2018; Brodeur et al. 2018). A significant 
shift in prey availability and feeding habits was observed for anchovy, sardine, mackerel, herring, and smelt 
species in the northern California Current Ecosystem (CCE) off the Washington and Oregon coasts 
(Brodeur et al. 2018). While the effects of “the Blob” or the “Son of the Blob” are not yet fully understood, 
the formation of warm water patches are increasingly common in the Pacific Ocean off the western 
Canadian and American coasts (Britten 2018). 

3.2 Protected Areas 

3.2.1 Critical Habitat in the U.S. 

Several habitats near or within the proposed survey area have been specifically identified as important 
to U.S. ESA-listed species, including critical habitat for marine mammals, sea turtles, seabirds, and fish. 
Although there is critical habitat adjacent to the survey area for the threatened Pacific Coast population of 
western snowy plover and the threatened marbled murrelet, this habitat is strictly terrestrial and would not 
be affected by the proposed activities. 

Steller Sea Lion Critical Habitat.—Federally designated critical habitat for Steller sea lions in 
Oregon and California includes all rookeries (NMFS 1993). Although the Eastern Distinct Population 
Segment (DPS) was delisted from the ESA in 2013, the designated critical habitat remains valid 
(NOAA 2019b). The critical habitat in Oregon is located along the coast at Rogue Reef (Pyramid Rock) 
and Orford Reef (Long Brown Rock and Seal Rock; see Fig. 1). The critical habitat area includes aquatic 
zones that extend 0.9 km seaward and air zones extending 0.9 km above these terrestrial and aquatic zones 
(NMFS 1993). The Orford Reef and Rogue Reef critical habitats are located ~13.5 km and ~17 km from 
the nearest proposed seismic transect line, respectively. 

Southern Resident Killer Whale Critical Habitat.—Critical habitat for the endangered Eastern 
North Pacific Southern Resident stock of killer whales is defined in detail in the Code of Federal 
Regulations (NMFS 2006). Critical habitat currently includes three specific marine areas of Puget Sound, 
WA: the Summer Core Area, Puget Sound, and the Strait of Juan de Fuca.  The critical habitat includes all 
waters relative to a contiguous shoreline delimited by the line at a depth of 6.1 m relative to extreme high 
water. The western boundary of the Strait of Juan de Fuca Area is Cape Flattery, WA (48.38°N; 124.72°W), 
which is ~49 km from the closest seismic transect line (Fig. 1). None of the proposed transect lines and 
associated ensonified areas occur within designated critical habitat, and all tracklines are >21 km from 
shore. 

In January 2014, NMFS received a petition requesting an expansion to the Southern Resident killer 
whale critical habitat to include Pacific Ocean marine waters along the U.S. west coast from Cape Flattery, 
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III. Affected Environment 

WA, to Point Reyes, CA, extending ~76 km offshore; NMFS released a 12-month finding in February 2015 
accepting the validity of a critical habitat expansion (NMFS 2015a). Although no revisions have yet been 
made to the critical habitat, NMFS recently issued a proposed rule for the expansion of critical habitat to 
include U.S. coastal waters between the 6.1-m and 200-m isobath from the border with Canada south to 
Point Sur, CA (NMFS 2019a). Some of the proposed survey lines enter the proposed critical habitat. 

All originally-proposed transect lines and their associated 160-dB ensonified areas have been moved 
away from (1) high-density killer whale habitat along the coasts of Oregon and Washington, and/or 
(2) shallow water <100 m deep off Washington, as required by NMFS, and shallow water <100 m deep off 
B.C. In addition, most tracklines in water <100 m deep off Oregon were eliminated, except for a section 
of the coast with a larger protrusion of shallow-water topography. Airgun operations in water 100–200 m 
deep north of Tillamook Head, OR, would only occur during the daytime, and a secondary monitoring 
vessel would be used to look for killer whales ahead of the survey. Each day of survey operations, L–DEO 
would contact NMFS Northwest Fisheries Science Center, NMFS West Coast Region, The Whale Museum, 
Orca Network, Canada’s DFO or other sources to obtain near real-time reporting for the whereabouts of 
Southern Resident killer whales. 

Humpback Whale Critical Habitat.—On 21 April 2021, NMFS designated critical habitat in 
nearshore waters of the North Pacific Ocean for the endangered Central America and Western North Pacific 
DPSs and the threatened Mexico DPS of humpback whale (NMFS 2021a). Critical habitat for the Central 
America and Mexico DPSs includes waters within the CCE off the coasts California, Oregon, and 
Washington (Fig. 1). Off Washington, critical habitat includes waters from the 50-m to 1200-m isobaths, 
as well as the Strait of Juan de Fuca eastward to Angeles Point; however, there is an exclusion area of 1461 
nmi2 around the Navy’s Quinault Range Site. Off Oregon, the critical habitat spans from the 50-m to 1200-
m isobath, except for areas south of 42.17°N, where the offshore boundary is at the 2000-m isobath. There 
is also critical habitat for the Mexico and Western Pacific DPSs in Alaska waters (NMFS 2021a). No 
transect lines or ensonified areas would occur within the 100-m isobath between Tillamook Head, OR, and 
Barkley Sound; most of the survey and ensonified areas off Oregon are also outside the 100-m isobath. 

Leatherback Sea Turtle Critical Habitat.—In January 2012, NMFS designated critical habitat for 
the endangered leatherback sea turtle along the west coast of the U.S. (NMFS 2012). The critical habitat 
includes marine areas of ~64,760 km2 from Cape Flattery, WA, to Cape Blanco, OR, and ~43,798 km2 off 
California (NMFS 2012). The survey area east of the 2000-m contour is located within critical habitat 
(see Fig. 1).  

Green Sturgeon Critical Habitat.—Coastal U.S. marine critical habitat for the threatened Southern 
DPS of North American green sturgeon includes waters within ~109 m (60 fathoms) depth from Monterey 
Bay, CA, north to Cape Flattery, WA, to its U.S. boundary, encompassing 29,581 km2 of marine habitat 
(NMFS 2009). The proposed survey area that is located in water depths less than 109 m occurs within this 
critical habitat (see Fig. 1). Between Tillamook Head and Barkley Sound, all transect lines and 160-dB 
ensonified areas would occur outside of the 100-m isobath. Off Oregon, the majority of transect lines are 
located outside of the 109-m isobath, but some effort on Hecate Bank is proposed to occur in water depths 
60–109 m.  

Rockfish Critical Habitat.—Critical habitats have been designated for the threatened Puget 
Sound/Georgia Basin DPS of yelloweye rockfish and for the endangered Puget Sound/Georgia Basin DPS 
of bocaccio (NMFS 2014).  However, no critical habitat occurs within the proposed survey area. 

Pacific Eulachon Critical Habitat.—Critical habitat has been designated for the threatened 
Southern DPS of Pacific eulachon/smelt for Washington and Oregon. Most of the critical habitat occurs in 
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III. Affected Environment 

freshwater rivers and creeks, but some does include estuarine waters (NMFS 2011a; NOAA 2019b). 
However, none of the proposed seismic transect lines enter critical habitat.  

Salmonid Critical Habitat.—Critical habitat has been designated for a number of ESA-listed 
salmonid species or evolutionary significant units (ESU) for Washington and Oregon (see Section 3.7.1, 
Table 6, for list of species). Most of the critical habitat occurs in freshwater rivers and creeks, but some of 
it includes nearshore marine waters (NOAA 2019b). However, none of the proposed seismic transect enter 
critical habitat.  

3.2.2 Critical Habitat in Canada 

Several habitats near or within the proposed survey area have been identified as important under 
Canada’s Species at Risk Act (SARA) to listed species, including critical habitat for two populations of 
marine mammals and northern abalone. Although critical habitat was previously designated for the 
humpback whale (DFO 2013a), this is no longer in effect as the humpback whale was down-listed to special 
concern under SARA. Critical habitat for the threatened marbled murrelet occurs adjacent to the study 
area, but this habitat is strictly terrestrial and would not be affected by the proposed activities. Critical 
habitat is defined under SARA as the “habitat that is necessary for the survival or recovery of a listed 
wildlife species and that is identified as such in the recovery strategy or action plan for the species” 
(DFO 2018a). According to DFO, critical habitat could include areas used for spawning, rearing young, 
feeding and migration, depending on the species and may not be destroyed (DFO 2018a). 

Southern Resident Killer Whale Critical Habitat.—Critical habitat has been designated in the 
trans-boundary waters in southern B.C., including the southern Strait of Georgia, Haro Strait, and Strait of 
Juan de Fuca (DFO 2018a). The continental shelf waters off southwestern Vancouver Island, including 
Swiftsure and La Pérouse Banks have also been designated as critical habitat (DFO 2018a). The critical 
habitat has features such as prey availability (specifically chinook and chum salmon), suitable acoustic 
environment, water quality, and physical space that provide areas for feeding, foraging, reproduction, 
socializing, and resting (DFO 2018a). After consultations with DFO, none of the proposed transect lines 
or their associated 160-dB ensonified areas would enter the critical habitat on Swiftsure and La Pérouse 
banks (see Fig. 1). In addition, in 2020, DFO released ‘Management measures to protect southern resident 
killer whales, that specify that a minimum distance of 200 m must be kept from killer whales in all Canadian 
Pacific waters, except for designated areas (including critical habitat) in which a minimum distance of 
400 m must be kept (DFO 2021). The R/V Langseth would not approach any killer whales within 200 m. 
In addition, during seismic acquisition, the vessel would be traveling at a speed of 4.2 kt which is below 
the recommended speed when killer whales are within 1000 m. If practicable, R/V Langseth would slow 
down to 7 kt while transiting to and from the survey area, if killer whales are within 1000 m. 

Northern Resident Killer Whale Critical Habitat.—Critical habitat has been designated in Johnstone 
Strait and southeastern Queen Charlotte Strait. The continental shelf waters off southwestern Vancouver 
Island, including Swiftsure and La Pérouse Banks, have also been designated as critical habitat, as well as 
western Dixon Entrance along the north coast of Graham Island, Haida Gwaii (DFO 2018a). The critical 
habitat has features such as prey availability (specifically chinook and chum salmon), appropriate acoustic 
environment, water quality, and physical space, and suitable physical habitat that provide areas for feeding, 
foraging, reproduction, socializing, resting, and beach rubbing (DFO 2018a). After consultations with 
DFO, none of the proposed transect lines or their associated 160-dB ensonified areas would enter the critical 
habitat on Swiftsure and La Pérouse Banks (see Fig. 1). 
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III. Affected Environment 

Northern Abalone Critical Habitat.—Critical habitat for northern abalone has been identified within 
four distinct geospatial areas that include Barkley Sound and surrounding waters on the southwest coast of 
Vancouver Island (see Fig. 1), the west and east coasts of Haida Gwaii, and the north and central coasts of 
B.C. (DFO 2012). The west and east coasts of Haida Gwaii and the north and central coasts of mainland 
B.C. habitats were identified due to their historical significance in production to the former commercial 
abalone fishery; the Barkley Sound habitat was identified as an important rebuilding area (DFO 2012).  

Abalone are typically found in shallow waters <10 m attached to hard substratum such as rocks, 
boulders, and bedrock (DFO 2012). Within the identified geographic boundaries, not all habitat comprises 
critical habitat, but rather only those areas with sites at least 20 m2 in size with a density of ≥0.1 abalone/m2 

that contain the following physical attributes: appropriate primary substrate consisting of bedrock or 
boulders for attachment or secondary substrate including some cobble; water with salinity >30 ppt and 
moderate to high water exchange from tidal currents or wave action; presence of encrusting coralline algae 
such as Lithothamnium spp.; and the presence of macroalgae such as Nereocystic, Macrocystic, 
Pterygophora, or Laminaria spp. Encrusting coralline algae is a primary site of larval settlement and 
provides feeding and refuge grounds for juveniles (DFO 2012). The critical habitat is located at least 40 km 
from the closest seismic transect (see Fig. 1). 

3.2.3 Other Conservation Areas in U.S. Waters 

There are two portions of U.S. military land which are closed to access near the mouth of the 
Columbia River, referred to as Warrenton/Camp Rilea (USGS 2019). All conservation areas near the 
project area are listed below and shown on Fig. 1.  Only those areas within 100 km of the proposed survey 
area are discussed below.  

Washington Islands National Wildlife Refuges.—The Washington Islands National Wildlife 
Refuges (NWRs) are located along 161 km of the outer coast of the Olympic Peninsula, encompassing 
more than 600 islands, sea stacks, rocks, and reefs. The area is comprised of three NWRs: Copalis NWR 
(47.13–47.48oN), Quillayute Needles NWR (47.63–48.03oN), and Flattery Rocks NWR (48.03–48.38oN). 
The refuges do not include islands that are part of designated Native American reservations. Along much 
of the coastline adjacent to the islands lies the Olympic National Park (ONP). In 1970, all three of the 
Washington Islands NWRs were designated as Wilderness Areas, except for Destruction Island in 
Quillayute Needles NWR. As many as 500 Steller sea lions haul out and 150,000 pelagic birds nest annually 
on these islands (USFWS 2007). The OCNMS incorporates the entire area surrounding the islands and 
rocks of all three refuges (USFWS 2007). At its closest point, the Washington Islands NWR is ~30 km 
east of the nearest seismic transect (see Fig. 1). There are ~150 km of seismic transects within the sanctuary; 
138 km are in intermediate water, and 12 km in deep water.  No effort would occur in shallow water. 

Olympic Coast National Marine Sanctuary.—The OCNMS, designated in 1994, includes 8259 km2 

of marine waters off the Washington coast, extending 40–72 km seaward and covering much of the 
continental shelf and several major submarine canyons (NOAA 2011). The sanctuary protects a productive 
upwelling zone with high productivity and a diversity of marine life (NOAA 2011). This area also has 
numerous shipwrecks.  The OCNMS management plan provides a framework for the sanctuary to manage 
potential threats to the sanctuary’s marine resources under the National Marine Sanctuaries Act. Federal 
law provides national marine sanctuaries the authority to adopt regulations and issue permits for certain 
activities, including taking any marine mammal, sea turtle, or seabird in or above the sanctuary, except as 
authorized by the MMPA, the ESA, and the Migratory Bird Treaty Act. The easternmost portions of some 
seismic transects (totaling 150 km) would enter the OCNMS, and three OBSs are proposed to be deployed 
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III. Affected Environment 

within the OCNMS, (Fig. 1). None of the transect lines within the OCNMS would occur in water <100 m 
deep. 

Coastal Treaty Tribes (Hoh, Makah, Quileute, and Quinault) and the State of Washington also have 
responsibility for regulation of activities and management of marine resources within the boundaries of the 
OCNMS; therefore, OCNMS coordinates with them on regulatory jurisdiction over marine resources and 
activities within the boundaries of the Sanctuary. The OCNMS shares an overlapping boundary in the 
intertidal zone with the ONP. The ONP, designated in 1938, is a zone of exclusive federal jurisdiction 
encompassing 3734 km2 and including some of the beaches and headlands along the coast (USFWS 2007). 
Approximately 75% of the coastal strip is in Congressionally designated wilderness, which is afforded 
additional protections under the Wilderness Act. The OCNMS is a partner in the management of the ONP 
marine resources. 

Lewis and Clark National Wildlife Refuge.—The Lewis and Clark NWR includes ~20 islands 
stretching over 43.5 km of the Columbia River, from the mouth upstream to nearly Skamakowa, WA 
(USFWS 2019). This refuge was established in 1972 to preserve the fish and wildlife habitat of the 
Columbia River estuary and supports large numbers of waterfowl, gulls, terns, wading birds, shorebirds, 
raptors, and songbirds.  It is located ~60 km southeast of the closest seismic transect (see Fig. 1). 

Willapa National Wildlife Refuge.—The Willapa NWR is located within Willapa Bay and Columbia 
River, WA. It was established in 1973 by President Franklin D. Roosevelt to protect migrating birds and 
their habitat (USFWS 2013). It consists of multiple segments, with the nearest located ~43 km northeast 
of the closest seismic transect (see Fig. 1). 

Oregon Islands National Wildlife Refuge.—The Oregon Islands NWR (OINWR) spans 515 km of 
the Oregon coast from the Oregon/California border to Tillamook Head (~45.9°N) and includes all rocks 
and islands above the line of mean high tide, except for rocks and islands of the Three Arch Rocks NWR. 
All of the island acreage is designated National Wilderness, with the exception of Tillamook Rock 
(USFWS 2015).  The OINWR is located ~2.3 km east of the nearest seismic transect (see Fig. 1). 

Three Arch Rocks National Wildlife Reserve.—Three Arch Rocks NWR consists of 60 m2 on three 
large and six small rocky islands located ~1 km from shore. It is one of the smallest designated wilderness 
areas in the U.S. and is the only pupping site for the Steller sea lion in northern Oregon (USFWS 2016a). 
This NWR is located ~13 km southeast from the closest seismic transect (see Fig. 1). 

Washington State Seashore Conservation Area.—The Washington State Seashore Conservation 
Area includes all seashore between the line of ordinary high tide and the line of extreme low tide between 
Cape Disappointment (~46.3°N) and Griffiths Priday State Park (~47.1°N). The Conservation Area is 
under the jurisdiction of the Washington state parks and recreation commission (Washington State 
Parks n.d.). The Seashore Conservation Area is ~32 km east of the closest seismic transect (see Fig. 1). 

Cape Falcon Marine Reserve.—The Cape Falcon Marine Reserve combines a marine reserve and 
two marine protected areas (MPAs) located at ~45.7ºN, 124ºW. The entire protected area extends ~7 km 
along the coast of Oregon and out to ~7 km (see Fig. 1). The reserve and MPA portions are 32 km2 and 
20 km2, respectively (ODFW 2019a). No animals or seaweed may be taken from the reserve 
(ODFW 2019a). The Cape Falcon Marine Reserve is located ~13.5 km east of the closest seismic transect 
(see Fig. 1). 

Cascade Head Marine Reserve.—This site includes a marine reserve surrounded by three MPAs and 
is located off the central Oregon coast at ~45N, 124ºW. The entire protected area extends 16 km along 
the coast (see Fig. 1) and out to 5.6 km (ODFW 2019a), with total areas of 25.1 km2 and 59.7 km2 for the 
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III. Affected Environment 

marine reserve and MPA portions, respectively. No animals or seaweed may be taken from the reserve 
(ODFW 2019a). Cascade Head Marine Reserve is located ~6 km east of the closest seismic transect (see Fig. 1). 

Otter Rock Marine Reserve.—The Otter Rock Marine Reserve encompasses 3 km2 of nearshore 
rocky intertidal habitat at ~44.72–44.75°N (ODFW 2019a). No animals or seaweed may be taken from the 
reserve (ODFW 2019a).  The reserve is located ~16 km east of the closest seismic transect (see Fig. 1). 

Cape Perpetua Marine Reserve.—This site combines a marine reserve, two MPAs, and a seabird 
protection area. It is located off the central coast of OR at ~44.2ºN, 124.1ºW. The entire protected area 
extends ~26.5 km along the coast (see Fig. 1) and out to ~5 km, with total areas of 37 km2 and 49 km2 for 
the reserve and MPA portions, respectively (ODFW 2019a). This marine reserve is located ~7 km east of 
the closest seismic transect (see Fig. 1). 

Redfish Rock Marine Reserve and Marine Protected Area.—The Redfish Rock Marine Reserve 
and MPA is located at ~42.67–44.70°N. The marine reserve encompasses 7 km2 of nearshore water, and 
the adjacent MPA covers an additional ~13 km2 (ODFW 2019a).  Redfish Rock Marine Reserve is located 
18 km east of the closest seismic transect (see Fig. 1). 

3.2.4 Other Conservation Areas in Canada 

Only those conservation areas within 100 km of the proposed survey area are discussed below. Race 
Rocks Ecological Reserve is located in the Strait of Juan de Fuca ~101 km from the nearest survey transect; 
it is currently under consideration for designation as an MPA and is an Area of Interest (AOI) (DFO 2017a). 
Hecate Strait/Queen Charlotte Sound Glass Sponge Reefs MPA is located 112 km from the nearest 
proposed seismic transect.  There are several rockfish conservation areas (RCAs) adjacent to the proposed 
survey area; these are discussed in Section 3.6.5. 

Offshore Pacific Area of Interest/Proposed Offshore Pacific MPA.—The Offshore Pacific Area of 
Interest encompasses 139,700 km2 of the Offshore Pacific Bioregion (OPB) west of Vancouver Island 
(DFO 2020a). It has unique seafloor features such as seamounts and hydrothermal vents and ecosystems 
that support the OPB. It includes the Offshore Pacific Seamounts and Vents Closure area, where all bottom 
contact from recreational and commercial fishing is prohibited, as well as other activities incompatible with 
the conservation of the ecological components.  An advisory committee has been established for this AOI, 
and a management approach is being developed to move towards the protection of this area. The 
western-most seismic transects enter the AOI (see Fig. 1). 

Endeavour Hydrothermal Vents MPA.—The Endeavour Hydrothermal Vents (EHV) were 
designated as the first MPA under Canada’s Oceans Act in 2003 (DFO 2018b). The EHV area covers 
97 km2 and is located on the Juan de Fuca Ridge, 256 km offshore from Vancouver Island, 2250 m below 
the ocean’s surface (Tunnicliffe and Thompson 1999); it occurs within the AOI. Under the Canadian 
Oceans Act, underwater activities that may result in the disturbance, damage, destruction, or removal of the 
seabed, or any living marine organism or any part of its habitat, are prohibited in this MPA (Government 
of Canada 2021a).  The EHV area is located ~84 km west of the closest seismic transect (see Fig. 1). 

Scott Islands Marine National Wildlife Area.—This area (11,546 km2) was established in June 2018 
under Canada’s Wildlife Act and consists of the marine waters extending out from the northwestern tip of 
Vancouver Island and surrounding the five islands of the Scott Islands (Government of Canada 2021b). 
The Scott Islands support the greatest concentration of breeding seabirds on the Pacific coast of Canada, 
hosting over 1 million nesting seabirds a year, including tufted puffins, common murres, Cassin’s auklets, 
and rhinoceros auklets (Government of Canada 2021b). It also attracts up to 10 million migratory birds 
annually, including short-tailed albatross, black-footed albatross, pink-footed shearwater, marbled murrelet, 
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and ancient murrelet (Government of Canada 2021b). Pinniped rookeries are also located at the Scott 
Islands (Hoyt 2011), and the region encompasses a RCA. This National Wildlife Area is located ~30 km 
from the closest proposed seismic transect (see Fig. 1). 

This area is also an Ecologically and Biologically Significant Area (EBSA) as determined by DFO 
due to its biologically rich environment, the diversity of marine mammals and fish, and it is important 
habitat for marine mammal species listed under SARA. In this National Wildlife Reserve, regulations 
prohibit any activity that is likely to disturb, damage, or destroy wildlife or its habitat. Among other 
restrictions, it is not permitted to be within 300 m of the low water mark of Triangle, Sartine, or Beresford 
islands, and vessels exceeding 400 t cannot anchor within 1 n.mi. of the aforementioned three islands 
(Government of Canada 2021c). 

Checleset Bay Ecological Reserve.—This ecological reserve is 346.5 km2 and is located between 
Kyuquot and the Brooks Peninsula, off the northwest coast of Vancouver Island. It encompasses marine 
habitat for a reintroduced population of sea otters to increase their range and abundance; it also includes an 
RCA (B.C. Parks 2019). Fisheries restrictions are in effect in the reserve and research activities may be 
carried out but only under permit (B.C. Parks 2019). The Checleset Bay Ecological Reserve is located 
adjacent to the survey area (see Fig. 1). 

Pacific Rim National Park Reserve.—The marine component of this National Park Reserve covers 
220.5 km2 (Hoyt 2011). It is located in coastal and nearshore waters of southwestern Vancouver Island, 
including parts of Barkley Sound, and encompasses habitat for gray whales, in particular during the 
summer, as well as for numerous other marine species (Hoyt 2011). It is located 16 km east of the closest 
seismic transect. The National Park Reserve is partially located within the Clayoquot Sound UNESCO 
World Biosphere Reserve and includes several RCAs. 

Clayoquot Sound UNESCO Biosphere Reserve encompasses a diverse range of ecosystems; it was 
designated in 2000 (UNESCO 2019). The marine component of Clayoquot Sound supports mudflats, 
beaches, and estuaries and contains the largest cover of eelgrass on the west coast of Vancouver Island.  
The marine area is important for gray whales, humpback whales, killer whales, and a variety of other marine 
mammal species.  

B.C. Northern Shelf MPA Network.—This initiative aims to build a network of MPAs for the shelf 
of B.C., stretching from the western shelf of northern Vancouver Island to Alaska (MPANetwork 2019), 
including the northern portion of the survey area. The Northern Shelf consists of diverse ecosystems that 
provides important habitat for a variety of species.  The network is being developed by the Government of 
Canada, the Province of B.C., and First Nations.   

Ecologically and Biologically Significant Areas.—An EBSA is an area of relatively higher 
ecological or biological significance than surrounding areas (Rubridge et al. 2018). The scientific criteria 
to identify an EBSA have been established at the national level by DFO (2004a) and at the international 
level by the Convention on Biological Diversity (CBD 2008). The identification of an EBSA does not 
imply specific protection, rather it is a means of recognizing the special features within the area and the 
management of activities within the area are required to exhibit greater risk aversion (Ban et al. 2016). In 
order for an area to be protected under the National Marine Conservation Areas Act or be designated as an 
MPA in Canada, it must first be identified as an EBSA, and the societal values and potential threats must 
be identified, in addition to the implementation of a management plan (Ban et al. 2016). There are five 
EBSAs within the survey area and two EBSAs adjacent to the survey area (Fig. 2; Table 4). 
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FIGURE 2. EBSAs off the B.C. coast in (a) the Pacific Northern Shelf Bioregion (Source: Rubidge et al. 
2018) and (b) the Southern Shelf Bioregion (Source: DFO 2013b; 19 = Brooks Peninsula; 20 = Shelf Break; 
21 = Continental Shelf Off Of Barkley Sound; 22 = Juan de Fuca Eddy; 23 = Barkley Sound and Alberni 
Inlet; 24 = Strait of Juan de Fuca).  
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TABLE 4. Summary of the Ecologically or Biologically Significant Marine Areas (a) within Canadian waters 
of the proposed survey area, and (b) adjacent to the proposed survey area. 
(a) 

EBSA Location Significance References 
Scott Archipelago of five • Area of significant upwelling and tidal mixing Clarke and 
Islands (SI) islands (Lanz, Cox, • High plankton productivity Jamieson 

Sartine, Beresford, Important Species: (2006); 
Triangle Island) • Spawning, breeding, or rearing: Pacific cod, lingcod, DFO 
located off the sablefish, arrowtooth flounder, Petrale sole, butter (2013b); 
northwestern point of sole, rock sole, dover sole, English sole, widow Ban et al. 
Vancouver Island, 
~10 km off Cape 
Scott Provincial Park 

rockfish, Steller sea lion, Cassin’s auklet, rhinoceros 
auklet, tufted puffin, common murre, cormorants, 
pigeon guillemot, storm petrel, glaucous winged gull 

• Feeding: Pacific hake, Pacific herring, gray whale, 

(2016); 
Rubidge et 
al. (2018) 

northern fur seal 
• Aggregation: humpback whale, sea otter 

Brooks West coast of • High diversity of breeding and migrating bird species DFO 
Peninsula Vancouver Island. • High plankton productivity (2013b); 
(BI) Brooks Peninsula 

juts 20 km into the 
Pacific Ocean and is 
home to a Provincial 
Park 

• Bottleneck between Brooks Peninsula and the 
Southern Shelf Break 

Important Species: 
• Spawning, rearing, or breeding: lingcod, common 

murre, tufted puffin, glaucous-winged gull, rhinoceros 
auklet 

• Aggregation: sea otter 
• Migration: possibly green sturgeon 

Ban et al. 
(2016); 
Rubidge et 
al. (2018) 

Southern West coast of • High productivity and aggregation of plankton DFO 
Shelf Break Vancouver Island • Site of strong trophic transfers (2013b); 
(SSB) from the Brooks 

Peninsula down to 
Barkley Sound along 
the shelf 

Important Species: 
• Spawning, rearing, or breeding: sablefish, dover sole, 

rockfish 
• Feeding: humpback whale, hake, northern fur seal 
• Aggregation: sperm, fin, blue, and sei whale; coral; 

tanner crab; possibly leatherback turtle 

Ban et al. 
(2016) 

Continental West coast of • High productivity and aggregation of plankton DFO (2013b) 
Shelf off Vancouver Island • Submarine banks, convergent circulation, and 
Barkley that forms the shallow depths 
Sound entrance Alberni 

Inlet 
• High trophic transfer 

Important Species: 
• Spawning, rearing, or breeding: Pacific herring, 

Pacific cod, sand lance 
• Feeding: humpback whale, southern resident killer 

whale, porpoise, northern fur seal, Steller sea lion, 
Pacific sardine, Pacific hake, candlefish 

• Aggregation: green sturgeon, dungeness crab, 
shrimp 

• Migration: Pacific sardine, candlefish, gray whale 
Juan de West coast of • Geographical bottleneck DFO (2013b) 
Fuca Eddy Vancouver Island 

and to the northwest 
coast of the Olympic 
Peninsula, WA 

Important Species: 
• Spawning, rearing, or breeding: Pacific herring 
• Feeding: gray whale, Pacific salmon 
• Aggregation: harbor porpoise, Dover sole, Pacific 

hake, green sea urchin 
• Migration: Pacific salmon, Pacific herring, candlefish 
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(b) 
EBSA Location Significance References 

Barkley 
Sound and 
Alberni Inlet 

West coast of 
Vancouver Island 
that forms the 
entrance to Alberni 
Inlet 

• Geographical bottleneck 
Important Species: 

• Spawning, rearing, or breeding: Pacific herring, 
juvenile eulachon, flatfish, gull, pelagic cormorant, 

• Feeding: gray whale, humpback whale, harbor seal, 
Steeler sea lion, salmon, sardine, surf scoter 

• Aggregation: Pacific loon, pigeon guillemot, marbles 
murrelets, Olympia oyster, Pacific oyster 

• Migration: green sturgeon, Pacific salmon 
• Uniqueness: Pacific hake (resident) inshore stock, 

historical basking shark records 

DFO (2013b) 

Juan de 
Fuca Strait 

West coast of 
Vancouver Island 
and to the northwest 
coast of the Olympic 
Peninsula of 
Washington 

• Geographical bottleneck 
Important Species: 

• Spawning, rearing, or breeding: Pacific herring 
• Feeding: gray whale, Pacific salmon 
• Aggregation: harbor porpoise, Dover sole, Pacific 

hake, green sea urchin, dungeness crab 
• Migration: Pacific salmon, eulachon 
• Uniqueness: killer whale critical habitat 

DFO (2013b) 

3.3 Marine Mammals 

Thirty-three marine mammal species could occur in or near the proposed survey area, including 
7 mysticetes (baleen whales), 19 odontocetes (toothed whales), 6 pinnipeds (seals and sea lions), and the 
northern sea otter (Table 5). Seven of the species are listed under the U.S. ESA as endangered, including 
the sperm, humpback (Central America DPS), sei, fin, blue, North Pacific right, and Southern Resident 
DPS of killer whales.  The threatened Mexico DPS of the humpback whale and the threatened Guadalupe 
fur seal could also occur in the proposed survey area. It is very unlikely that gray whales from the 
endangered Western North Pacific DPS would occur in the proposed survey area. The long-beaked 
common dolphin (D. capensis) and rough-toothed dolphin (Steno bredanensis) are distributed farther to the 
south. These species are unlikely to be seen in the proposed survey area and are not addressed in the 
summaries below. Although no sightings of D. capensis have been made off Oregon/Washington, 
Ford (2005) reported seven confirmed D. capensis sightings in B.C. waters from 1993–2003. All records 
occurred in inshore waters; Ford (2005) described D. capensis as a “rare visitor” to B.C. waters, more likely 
to occur during warm-water periods.  No other sightings have been made since 2003 (Ford 2014).  

General information on the taxonomy, ecology, distribution and movements, and acoustic 
capabilities of marine mammals are given in § 3.6.1, § 3.7.1, § 3.8.1, and § 3.8.1 of the PEIS. One of the 
qualitative analysis areas (QAAs) defined in the PEIS, the B.C. Coast, is located just to the north of the 
proposed survey area. The general distribution of mysticetes, odontocetes, pinnipeds, and sea otters off the 
B.C. Coast is discussed in § 3.6.3.2, § 3.7.3.2, § 3.8.3.2, and § 3.9.3.1 of the PEIS, respectively. Southern 
California was chosen as a detailed analysis area (DAA) in the PEIS. The general distribution of mysticetes, 
odontocetes, pinnipeds, and sea otters in southern California is discussed in § 3.6.2.3, § 3.7.2.3, § 3.8.2.3, 
and § 3.9.2.2 of the PEIS, respectively.  The rest of this section deals specifically with species distribution 
in the proposed survey area. Although Harvey et al. (2007) and Best et al. (2015) provide information on 
densities and marine mammal hotspots in B.C. waters, their survey areas do not cover the proposed study area. 

Final Environmental Assessment/Analysis for L-DEO Cascadia Subduction Zone, 2021 Page 27 



   

  
 

 
 

    
   

  

  
 

 
      

   
 
 

     

  
  

 
 

 
     

  
 

 
      

    
 

      

   
 

 
     

  
 

 
      

  
 

 
 

      

         

  
 

 
      

          
         

         
         

         
  

 
 

 
 

      

  
 

 
      

 
 

 
 

 
      

    
 

      

 
 

 
 

 
      

   
 

 
      

         

  
 

 

 

 

 

 

     

  
 

      

   
 
 

 
     

  
 

 
 
      

  
 

 
      

      

III. Affected Environment 

TABLE 5. The habitat, abundance, and conservation status of marine mammals that could occur in or near 
the proposed seismic survey area in the Northeast Pacific Ocean.  N.A. means not available. 

Species 
Occurrence 

in Area1 Habitat Abund-
ance2 

U.S. 
ESA3 

Canada IUCN6 CITES7 

COSEWIC4 SARA5 

Mysticetes 

North Pacific right whale Rare 
Coastal, shelf, 

offshore 
400-5008 EN EN EN CR9 I 

Gray whale Common Coastal, shelf 23210; 
26,960 

DL11 EN12 NS LC13 I 

Humpback whale Common 
Mainly nearshore 

and banks 
2,900; 

10,10314 EN/T15 SC SC LC I 

Common minke whale Uncommon 
Nearshore, 

offshore 
636; 

20,00016 NL NAR NS LC I 

Sei whale Rare Mostly pelagic 
519; 

27,19717 EN EN EN EN I 

Fin whale Common Slope, pelagic 
9,029; 

13,620-
18,68018 

EN SC T VU I 

Blue whale Rare 
Pelagic and 

coastal 1,49619 EN EN EN EN I 

Odontocetes 

Sperm whale Common 
Pelagic, steep 

topography 
1,997; 

26,30020 EN NAR NS VU I 

Pygmy sperm whale Rare Deep, off shelf 4111 NL NAR NS DD II 

Dwarf sperm whale Rare 
Deep, shelf, 

slope 
N.A. NL NS NS DD II 

Cuvier’s beaked whale Uncommon Pelagic 3,274 NL NAR NS LC II 
Baird’s beaked whale Uncommon Pelagic 2,697 NL NAR NS DD I 
Blainville’s beaked whale Rare Pelagic 3,04421 NL NAR NS DD II 
Hubbs’ beaked whale Rare Slope, offshore 3,04421 NL NAR NS DD II 
Stejneger’s beaked whale Uncommon Slope, offshore 3,04421 NL NAR NS DD II 
Common bottlenose 
dolphin 

Rare 
Coastal, shelf, 

deep 
1,92422 NL NAR NS LC II 

Striped dolphin Rare 
Off continental 

shelf 29,211 NL NAR NS LC II 

Short-beaked common 
dolphin 

Uncommon 
Shelf, pelagic, 

seamounts 
969,861 NL NAR NS LC II 

Pacific white-sided dolphin Common Offshore, slope 
26,814 

22,16041 NL NAR NS LC II 

Northern right whale 
dolphin 

Common 
Slope, offshore 

waters 
26,556 NL NAR NS LC II 

Risso’s dolphin Uncommon 
Shelf, slope, 
seamounts 

6,336 NL NAR NS LC II 

False killer whale Rare Pelagic N.A. NL NAR NS NT II 

Killer whale Common 
Widely 

distributed 

7523 

24324 

30225 

30026 

EN27 EN/T28 EN/T28 DD II 

Short-finned pilot whale Rare 
Pelagic, high-

relief 836 NL NAR NS LC II 

Harbor porpoise Common Shelf 
21,48729; 
24,19530 

8,09141 
NL SC SC LC II 

Dall’s porpoise Common 
Shelf, slope, 

offshore 
25,750 
5,30341 NL NAR NS LC II 

Pinnipeds 

Guadalupe fur seal Rare 
Mainly coastal, 

pelagic 
34,187 T NAR NS LC I 
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III. Affected Environment 

Species 
Occurrence 

in Area1 Habitat Abund-
ance2 

U.S. 
ESA3 

Canada IUCN6 CITES7 

COSEWIC4 SARA5 

Northern fur seal Uncommon Pelagic, offshore 
14,05031 

620,66032 NL T NS VU N.A. 

Northern elephant seal Uncommon 
Coastal, pelagic 

in migration 
179,00033 NL NAR NS LC N.A. 

Harbor seal Common Coastal 24,73234 

105,00042 NL NAR NS LC N.A. 

Steller sea lion Common Coastal, offshore 
77,14935 

4,03741 DL36 SC SC NT37 N.A. 

California sea lion Uncommon Coastal 257,60638 NL NAR NS LC N.A. 
Fissipeds 

Northern Sea Otter Rare Coastal 
2,05839 

6,75443 

2,92844 
NL40 SC SC EN II 

1 Occurrence in area at the time of the survey; based on professional opinion and available data. 
2 Abundance for Eastern North Pacific, U.S., or CA/OR/WA stock from Carretta et al. (2020), unless otherwise stated. 
3 U.S. Endangered Species Act (ESA; NOAA 2019d): EN = Endangered, T = Threatened, NL = Not listed. 
4 Committee on the Status of Endangered Wildlife in Canada (COSEWIC) status (Government of Canada 2021); 

EN = Endangered; T = Threatened; SC = Special Concern; NAR = Not at Risk. 
5 Pacific Population for Canada’s Species at Risk Act (SARA) Schedule 1 species, unless otherwise noted (Government of 

Canada 2021d); EN = endangered; T = Threatened; SC = Special Concern; NS = No Status. 
6 Classification from the International Union for the Conservation of Nature (IUCN) Red List of Threatened Species (IUCN 2019); 

CR = Critically Endangered; EN = Endangered; VU = Vulnerable; LC = Least Concern; DD = Data Deficient. 
7 Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES; UNEP-WCMC 2017): 

Appendix I = Threatened with extinction; Appendix II = not necessarily now threatened with extinction but may become so unless 
trade is closely controlled. 

8 North Pacific (Jefferson et al. 2015). 
9 The Northeast Pacific subpopulation is critically endangered; globally, the North Pacific right whale is endangered. 
10 Pacific Coast Feeding Group (Calambokidis et al. 2019).
11 Although the Eastern North Pacific DPS was delisted under the ESA, the Western North Pacific DPS is listed as endangered. 
12 Pacific Coast Feeding Aggregation and Western Pacific populations are listed as endangered; the Northern Pacific Migratory 

population is not at risk. 
13 Globally considered as least concern; western population listed as endangered. 
14 Central North Pacific stock (Muto et al. 2020).
15 The Central America DPS is endangered, and the Mexico DPS is threatened; the Hawaii DPS was delisted in 2016 (81 FR 62260, 

8 September 2016). 
16 Northwest Pacific and Okhotsk Sea (IWC 2018). 
17 Central and Eastern North Pacific (Hakamada and Matsuoka 2015a). 
18 North Pacific (Ohsumi and Wada 1974). 
19 Eastern North Pacific Stock (Calambokidis and Barlow 2013). 
20 Eastern Temperate Pacific; estimate based on visual sightings (Barlow and Taylor 2005). 
21 All mesoplodont whales (Moore and Barlow 2017; Carretta et al. 2020).
22 California/Oregon//Washington offshore stock (Carretta et al. 2020).
23 Southern Resident stock (OrcaNetwork 2021).
24 West Coast Transient stock; minimum estimate (Muto et al. 2020).
25 Northern Resident stock (Muto et al. 2020).
26 North Pacific Offshore stock (Carretta et al. 2020).
27 The Southern Resident DPS is listed as endangered; no other stocks are listed. 
28 Southern resident population is as endangered; the northern resident, offshore, and transient populations are threatened. 
29 Northern Oregon/southern Washington stock (Carretta et al. 2020).
30 Northern California/Southern Oregon stock (Carretta et al. 2020).
31 California stock (Carretta et al. 2020).
32 Eastern Pacific stock (Muto et al. 2020).
33 California breeding stock (Carretta et al. 2020).
34 Oregon and Washington Coast stock; estimate >8 years old (Carretta et al. 2020).
35 Estimate for entire Eastern stock (Muto et al. 2020).
36 The Eastern DPS was delisted in 2013 (78 FR 66139, 4 November 2013); the Western DPS is listed as endangered. 
37 Globally considered as near threatened; western population listed as endangered. 
38 U.S. stock (Carretta et al. 2020).
39 Washington (Jeffries et al. 2019).
40 Southwest Alaska DPS is listed as threatened. 
41 Coastal waters of B.C. (Best et al. 2015). 
42 B.C. (Ford 2014). 
43 B.C. (Nichol et al. 2015). 
44 USFWS (2021). 

Final Environmental Assessment/Analysis for L-DEO Cascadia Subduction Zone, 2021 Page 29 



   

  

       

      
         

  
       

      
            

  

         
        

      
    

          
      

       
 

            
      

          
         

        
             

          
       

             
           

              
           

          
  

     
       

     
 

         
  

            
          

           
         

         
         

      

III. Affected Environment 

3.3.1 Mysticetes 

3.3.1.1 North Pacific Right Whale (Eubalaena japonica) 

North Pacific right whales summer in the northern North Pacific, primarily in the Okhotsk Sea 
(Brownell et al. 2001) and in the Bering Sea (Shelden et al. 2005; Wade et al. 2006). This species is divided 
into western and eastern North Pacific stocks. The eastern North Pacific stock that occurs in U.S. waters 
numbers only ~31 individuals (Wade et al. 2011a), and critical habitat has been designated in the eastern 
Bering Sea and in the Gulf of Alaska, south of Kodiak Island (NOAA 2019c). Wintering and breeding 
areas are unknown, but have been suggested to include the Hawaiian Islands, Ryukyu Islands, and Sea of 
Japan (Allen 1942; Banfield 1974; Gilmore 1978; Reeves et al. 1978; Herman et al. 1980; Omura 1986).  

Whaling records indicate that right whales once ranged across the entire North Pacific north of 35ºN 
and occasionally occurred as far south as 20ºN (Kenney 2018). Although right whales were historically 
reported off the coast of Oregon, occasionally in large numbers (Scammon 1874; Rice and Fiscus 1968), 
extensive shore-based and pelagic commercial whaling operations never took large numbers of the species 
south of Vancouver Island (Rowlett et al. 1994). Nonetheless, Gilmore (1956) proposed that the main 
wintering ground for North Pacific right whales was off the Oregon coast and possibly northern California, 
postulating that the inherent inclement weather in those areas discouraged winter whaling (Rice and 
Fiscus 1968).  

Since the 1960s, North Pacific right whale sightings have been relatively rare (e.g., Clapham et 
al. 2004; Shelden et al. 2005). However, starting in 1996, right whales have been seen regularly in the 
southeast Bering Sea, including calves in some years (Goddard and Rugh 1998; LeDuc et al. 2001; Moore et 
al. 2000, 2002a; Wade et al. 2006; Zerbini et al. 2009); they have also been detected acoustically (McDonald 
and Moore 2002; Munger et al. 2003; 2005, 2008; Berchok et al. 2009). They are known to occur in the 
Bering Sea from May–December (e.g., Tynan et al. 2001; Hildebrand and Munger 2005; Munger et al. 
2005, 2008). In March 1979, a group of four right whales was seen in Yakutat Bay (Waite et al. 2003), but 
there were no further reports of right whale sightings in the Gulf of Alaska until July 1998, when a single 
whale was seen southeast of Kodiak Island (Waite et al. 2003). Since 2000, several other sightings and 
acoustic detections have been made in the western Gulf of Alaska during summer (Waite et al. 2003; 
Mellinger et al. 2004; RPS 2011; Wade et al. 2011a,b; Rone et al. 2014). A biologically important area 
(BIA) for feeding for North Pacific right whales was designated east of the Kodiak Archipelago, 
encompassing the Gulf of Alaska critical habitat and extending south of 56°N and north of 58°N and beyond 
the shelf edge (Ferguson et al. 2015). 

South of 50ºN in the eastern North Pacific, only 29 reliable sightings were recorded from 1900–1994 
(Scarff 1986, 1991; Carretta et al. 1994). Despite many miles of systematic aerial and ship-based surveys 
for marine mammals off the coasts of California/Oregon/Washington over the years, only seven 
documented sightings of right whales were made from 1990–2000 (Waite et al. 2003).  Two North Pacific 
right whale calls were detected on a bottom-mounted hydrophone (located in water 1390 m deep) off the 
Washington coast on 29 June 2013 (Širović et al. 2014).  

Right whales have been scarce in B.C. since 1900 (Ford 2014). In the 1900s, there were only six 
records of right whales for B.C., all of which were catches by whalers (Ford et al. 2016). Since 1951, there 
have only been three confirmed records. A sighting of one individual 15 km off the west coast of Haida 
Gwaii was made on 9 June 2013 and another sighting occurred on 25 October 2013 on Swiftsure Bank near 
the entrance to the Strait of Juan de Fuca (Ford 2014; Ford et al. 2016; DFO 2017b). The third and most 
recent sighting was made off Haida Gwaii in June 2018 (CBC 2018a). There have been two additional 
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III. Affected Environment 

unconfirmed records for B.C., including one off Haida Gwaii in 1970 and another for the Strait of Juan de 
Fuca in 1983 (Brownell et al. 2001; DFO 2011a; Ford 2014).  

Based on the very low abundance of this species, its rarity off the coasts of B.C., Washington, and 
Oregon in recent decades, and the likelihood that animals would be feeding in the Bering Sea and Gulf of 
Alaska at the time of the survey, it is possible although very unlikely that a North Pacific right whale could 
be encountered in the proposed survey area during the period of operations.  

3.3.1.2 Gray Whale (Eschrichtius robustus) 

Two separate populations of gray whales have been recognized in the North Pacific: the eastern North 
Pacific and western North Pacific (or Korean-Okhotsk) stocks (LeDuc et al. 2002; Weller et al. 2013). 
However, the distinction between these two populations has been recently debated owing to evidence that 
whales from the western feeding area also travel to breeding areas in the eastern North Pacific 
(Weller et al. 2012, 2013; Mate et al. 2015). Thus, it is possible that whales from either the U.S. ESA-listed 
endangered Western North Pacific DPS or the delisted Eastern North Pacific DPS could occur in the 
proposed survey area, although it is unlikely that a gray whale from the Western North Pacific DPS would 
be encountered during the time of the survey. Gray whale populations were severely reduced by whaling, 
and the western population has remained highly depleted, but the eastern North Pacific population is 
considered to have recovered. In 2009, Punt and Wade (2012) estimated that the eastern North Pacific 
population was at 85% of its carrying capacity of 25,808 individuals.  

The eastern North Pacific gray whale breeds and winters in Baja California, and migrates north to 
summer feeding grounds in the northern Bering Sea, Chukchi Sea, and western Beaufort Sea (Rice and 
Wolman 1971; Rice 1998; Jefferson et al. 2015). The migration northward occurs from late February–June 
(Rice and Wolman 1971), with a peak into the Gulf of Alaska during mid-April (Braham 1984). Instead of 
migrating to arctic and sub-arctic waters, some individuals spend the summer months scattered along the 
coast from California to Southeast Alaska (Rice and Wolman 1971; Nerini 1984; Darling et al. 1998; 
Calambokidis and Quan 1999; Dunham and Duffus 2001, 2002; Calambokidis et al. 2002, 2015, 2017). 
There is genetic evidence indicating the existence of this Pacific Coast Feeding Group (PCFG) as a distinct 
local subpopulation (Frasier et al. 2011; Lang et al. 2014), and the U.S. and Canada recognize it as such 
(COSEWIC 2017; Carretta et al. 2019). However, the status of the PCFG as a separate stock is currently 
unresolved (Weller et al. 2013). For the purposes of abundance estimates, the PCFG is defined as occurring 
between 41°N to 52°N from 1 June to 30 November (IWC 2012). The 2017 abundance estimate for the 
PCFG was 232 whales (Calambokidis et al. 2019); ~100 of those may occur in B.C. during summer 
(Ford 2014). In B.C., most summer resident gray whales are found in Clayoquot Sound, Barkley Sound, 
and along the southwestern shore of Vancouver Island, and near Cape Caution, on the mainland 
(Ford 2014). During surveys in B.C. waters during summer, most sightings were made within 10 km from 
shore in water shallower than 100 m (Ford et al. 2010a).  

BIAs for feeding gray whales along the coasts of Washington, Oregon, and California have been 
identified, including northern Puget Sound, Northwestern Washington, and Grays Harbor (WA); Depoe 
Bay and Cape Blanco & Orford Reef (OR), and Point St. George (CA); most of these areas are of 
importance from late spring through early fall (Calambokidis et al. 2015). Resident gray whales have been 
observed foraging off the coast of Oregon from May–October (Newell and Cowles 2006) and off 
Washington from June through November (Scordino et al. 2014). A least 28 gray whales were observed 
near Depoe Bay, OR (~44.8°N), for three successive summers (Newell and Cowles 2006). BIAs have also 
been identified for migrating gray whales along the entire coasts of Washington, Oregon, and California; 
although most whales travel within 10 km from shore, the BIAs were extended out to 47 km from the 
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III. Affected Environment 

coastline (Calambokidis et al. 2015). Gray whales from the far north begin to migrate south to breeding 
grounds on the west coast of Baja California and the southeastern Gulf of California in October and 
November (Braham 1984; Rugh et al. 2001). Gray whales migrate closest to the Washington/Oregon 
coastline during spring (April–June), when most strandings are observed (Norman et al. 2004).  

Oleson et al. (2009) observed 116 gray whales off the outer Washington coast (~47ºN) during 
42 small boat surveys from August 2004 through September 2008; mean distances from shore during the 
southern migration (December–January), northern migration (February–April), and summer feeding 
(May–October) activities were 29, 9, and 12 km, respectively; mean bottom depths during these activities 
were 126, 26, and 33 m, respectively. Ortega-Ortiz and Mate (2008) tracked the distribution and movement 
patterns of gray whales off Yaquina Head on the central Oregon coast (~44.7°N) during the southbound 
and northbound migration in 2008. The average distance from shore to tracked whales ranged from 200 m 
to 13.6 km; average bottom depth of whale locations was 12–75 m. The migration paths of tracked whales 
seemed to follow a constant depth rather than the shoreline. During aerial surveys over the shelf and slope 
off Oregon and Washington, gray whales were seen during the months of January, June–July, and 
September; one sighting was made off the Columbia River estuary in water >200 m during June 2011 
(Adams et al. 2014). Two sightings of three whales were seen from R/V Northern Light during a survey 
off southern Washington in July 2012 (RPS 2012a). 

In B.C., gray whales are common off Haida Gwaii and western Vancouver Island (Williams and 
Thomas 2007), in particular during migration. Whales travel southbound along the coast of B.C. during 
their migration to Baja California between November and January, with a peak off Vancouver Island during 
late December; during the northbound migration, whales start appearing off Vancouver Island during late 
February, with a peak in late March, with fewer whales occurring during April and May (Ford 2014). 
Northbound migrants typically travel within ~5 km from shore (Ford 2014), although some individuals 
have been sighted more than 10 km from shore (Ford et al. 2010a, 2013). Based on acoustic detections 
described by Meyer (2017 in COSEWIC 2017), the southward migration also takes place in shallow shelf 
waters. After leaving the waters off Vancouver Island, gray whales typically use Hecate Strait and Dixon 
Entrance as opposed to the west coast of Haida Gwaii as their main migratory corridor through Southeast 
Alaska during the northbound migration (Ford et al. 2013); during the southbound migration, gray whales 
likely migrate past the outer coast of Haida Gwaii (Ford 2014; Mate et al. 2015; COSEWIC 2017).  

The proposed surveys would occur during the late spring/summer feeding season, when most 
individuals from the eastern North Pacific stock occur farther north. However, some migrating gray whales 
could occur within the nearshore waters of the survey area. All transect lines off Washington are located 
at least 21 km from shore, and at least 9.5 km off Oregon. As most whales are likely to occur closer to 
shore when migrating, gray whales are unlikely to be encountered within the survey area; nonetheless, the 
airgun array would be shut down if a gray whale mother-calf pair were sighted during operations. In 
addition to migrating whales, individuals from the PCFG could be encountered in nearshore waters of the 
proposed project area, although few are expected to be seen more than 10 km from shore. 

In 2019, NOAA declared an unusual mortality event (UME) for gray whales, as an elevated number 
of strandings have occurred along the coast of the Pacific Northwest since January 2019 (NOAA 2021a). 
As of 8 March 2021, a total of 418 stranded gray whales have been reported, including 203 in the U.S. 
(48 in Washington; 9 in Oregon), 199 in Mexico, and 16 in B.C.; some of the whales were emaciated 
(NOAA 2021a). A UME for gray whales was also declared in 1999–2000 (NOAA 2021a). 
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III. Affected Environment 

3.3.1.3 Humpback Whale (Megaptera novaeangliae) 

The humpback whale is found throughout all oceans of the World (Clapham 2018). Based on genetic 
data, there could be three subspecies, occurring in the North Pacific, North Atlantic, and Southern 
Hemisphere (Jackson et al. 2014). Nonetheless, genetic analyses suggest some gene flow (either past or 
present) between the North and South Pacific (e.g., Jackson et al. 2014; Bettridge et al. 2015). Although 
considered to be mainly a coastal species, humpback whales often traverse deep pelagic areas while 
migrating (Calambokidis et al. 2001; Garrigue et al. 2002, 2015; Zerbini et al. 2011). Humpbacks migrate 
between summer feeding grounds in high latitudes and winter calving and breeding grounds in tropical 
waters (Clapham and Mead 1999).  

North Pacific humpback whales summer in feeding grounds along the Pacific Rim and in the Bering 
and Okhotsk seas (Pike and MacAskie 1969; Rice 1978; Winn and Reichley 1985; 
Calambokidis et al. 2000, 2001, 2008; Bettridge et al. 2015). Humpbacks winter in four different breeding 
areas: (1) the coast of Mexico; (2) the coast of Central America; (3) around the main Hawaiian Islands; and 
(4) in the western Pacific, particularly around the Ogasawara and Ryukyu islands in southern Japan and the 
northern Philippines (Calambokidis et al. 2008; Bettridge et al. 2015). These breeding areas are recognized 
as the Mexico, Central America, Hawaii, and Western Pacific DPSs, but feeding areas have no DPS status 
(Bettridge et al. 2015; NMFS 2016b). There is potential for mixing of the western and eastern North Pacific 
humpback populations on their summer feeding grounds, but several sources suggest that this occurs to a 
limited extent (Muto et al. 2019). NMFS is currently reviewing the global humpback whale stock structure 
in light of the revisions to their ESA listing and identification of 14 DPSs (NMFS 2016b). Individuals from 
the Hawaii, Mexico, and Central America DPSs could occur in the proposed survey area. According to 
Wade (2017), off southern B.C. and Washington, ~63.5%, 27.9%, and 8.7% are from the Hawaii, Mexico, 
and Central America DPSs, respectively; off Oregon and California, the majority are from the Central 
America DPS (67.2%), with 32.7% from the Mexico DPS, and none from the Hawaii DPS.  

During summer, most eastern North Pacific humpback whales are on feeding grounds in Alaska, with 
smaller numbers summering off the U.S. west coast and B.C. (Calambokidis et al. 2001, 2008). Individuals 
encountered in the proposed survey area would be from the Hawaii, Mexico, and/or Central America DPSs 
(Calambokidis et al. 2008; Ford 2014). The humpback whale is the most common species of large cetacean 
reported off the coasts of Oregon and Washington from May–November (Green et al. 1992; 
Calambokidis et al. 2000, 2004). The highest numbers have been reported off Oregon during May and June 
and off Washington during July–September. Humpbacks occur primarily over the continental shelf and 
slope during the summer, with few reported in offshore pelagic waters (Green et al. 1992; 
Calambokidis et al. 2004, 2015; Becker et al. 2012; Barlow 2016). BIAs for feeding humpback whales 
along the coasts of Oregon and Washington, which have been designated from May–November, are all 
within ~80 km from shore, and include the waters off northern Washington, and Stonewall and Heceta 
Bank, OR; another five BIAs occur off California (Calambokidis et al. 2015). Six humpback whale 
sightings (8 animals) were made off Washington/Oregon during the June–July 2012 L-DEO Juan de Fuca 
plate seismic survey. There were 98 humpback whale sightings (213 animals) made during the July 2012 
L-DEO seismic survey off southern Washington (RPS 2012a), and 11 sightings (23 animals) during the 
July 2012 L-DEO seismic survey off Oregon (RPS 2012c).  

Humpback whales are common in the waters of B.C., where they occur in inshore, outer coastal, 
continental shelf waters, as well as offshore (Ford 2014). Williams and Thomas (2007) estimated an 
abundance of 1310 humpback whales in inshore coastal waters of B.C. based on surveys conducted in 2004 
and 2005. Best et al. (2015) provided an estimate of 1029 humpbacks based on surveys during 2004–2008. 
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III. Affected Environment 

In B.C., humpbacks are typically seen within 20 km from the coast, in water <500 m deep (Ford et 
al. 2010a). They were the most frequently sighted cetacean during DFO surveys in 2002–2008 (Ford et 
al. 2010a). Critical habitat for humpbacks has been designated in B.C., including the waters of the proposed 
survey area off southwestern Vancouver Island (DFO 2013a). Humpback whales were detected 
acoustically on La Pérouse Bank off southwestern Vancouver Island from May through September 2007 
(Ford et al. 2010b).  

The greatest numbers are seen in B.C. between April and November, although humpbacks are known 
to occur there throughout the year (Ford et al. 2010a; Ford 2014). Gregr et al. (2000) also presented 
evidence of widespread winter foraging in B.C. based on whaling records. Humpback whales are thought 
to belong to at least two distinct feeding stocks in B.C.; those identified off southern B.C. show little 
interchange with those seen off northern B.C. (Calambokidis et al. 2001, 2008). Humpback whales 
identified in southern B.C. show a low level of interchange with those seen off California/Oregon/ 
Washington (Calambokidis et al. 2001). Humpback whales are likely to be common in the proposed survey 
area, especially in nearshore waters. 

3.3.1.4 Common Minke Whale (Balaenoptera acutorostrata scammoni) 

The minke whale has a cosmopolitan distribution that spans from tropical to polar regions in both 
hemispheres (Jefferson et al. 2015). In the Northern Hemisphere, the minke whale is usually seen in coastal 
areas, but can also be seen in pelagic waters during its northward migration in spring and summer and 
southward migration in autumn (Stewart and Leatherwood 1985). In the North Pacific, the summer range 
of the minke whale extends to the Chukchi Sea; in the winter, the whales move south to within 2º of the 
Equator (Perrin et al. 2018).  

The International Whaling Commission (IWC) recognizes three stocks of minke whales in the North 
Pacific: the Sea of Japan/East China Sea, the rest of the western Pacific west of 180ºN, and the remainder 
of the Pacific (Donovan 1991). Minke whales are relatively common in the Bering and Chukchi seas and 
in the Gulf of Alaska but are not considered abundant in any other part of the eastern Pacific 
(Brueggeman et al. 1990). In the far north, minke whales are thought to be migratory, but they are believed 
to be year-round residents in nearshore waters off west coast of the U.S. (Dorsey et al. 1990).  

Sightings have been made off Oregon and Washington in shelf and deeper waters (Green et 
al. 1992; Adams et al. 2014; Barlow 2016; Carretta et al. 2019). An estimated abundance of 211 minke 
whales was reported for the Oregon/Washington region based on sightings data from 1991–2005 
(Barlow and Forney 2007), whereas a 2008 survey did not record any minke whales while on survey effort 
(Barlow 2010). The abundance for Oregon/Washington for 2014 was estimated at 507 minke whales 
(Barlow 2016). There were no sightings of minke whales off Oregon/Washington during the 
June–July 2012 L-DEO Juan de Fuca plate seismic survey or during the July 2012 L-DEO seismic survey 
off Oregon (RPS 2012b,c). One minke whale was seen during the July 2012 L-DEO seismic survey off 
southern Washington (RPS 2012a). 

Minke whales are sighted regularly in nearshore waters of B.C., but they are not abundant 
(COSEWIC 2006). They are most frequently sighted around the Gulf Islands and off northeastern 
Vancouver Island (Ford 2014). They are also regularly seen off the east coast of Moresby Island, and in 
Dixon Entrance, Hecate Strait, Queen Charlotte Sound, and the west coast of Vancouver Island where they 
occur in shallow and deeper water (Ford et al. 2010a; Ford 2014).  Williams and Thomas (2007) estimated 
minke whale abundance for inshore coastal waters of B.C. at 388 individuals based on surveys conducted 
in 2004 and 2005. Best et al. (2015) provided an estimate of 522 minke whales based on surveys during 
2004–2008. Most sightings have been made during July and August; although most minke whales are 
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III. Affected Environment 

likely to migrate south during the winter, they can be seen in B.C. waters throughout the year; however, 
few sightings occur from December through February (Ford 2014). Minke whales are expected to be 
uncommon in the proposed survey area. 

3.3.1.5 Sei Whale (Balaenoptera borealis) 

The sei whale occurs in all ocean basins (Horwood 2018) but appears to prefer mid-latitude temperate 
waters (Jefferson et al. 2015). It undertakes seasonal migrations to feed in subpolar latitudes during summer 
and returns to lower latitudes during winter to calve (Horwood 2018). The sei whale is pelagic and 
generally not found in coastal waters (Harwood and Wilson 2001). It occurs in deeper waters characteristic 
of the continental shelf edge region (Hain et al. 1985) and in other regions of steep bathymetric relief such 
as seamounts and canyons (Kenney and Winn 1987; Gregr and Trites 2001). On feeding grounds, sei 
whales associate with oceanic frontal systems (Horwood 1987) such as the cold eastern currents in the 
North Pacific (Perry et al. 1999a). Sei whales migrate from temperate zones occupied in winter to higher 
latitudes in the summer, where most feeding takes place (Gambell 1985a). During summer in the North 
Pacific, the sei whale can be found from the Bering Sea to the Gulf of Alaska and down to southern 
California, as well as in the western Pacific from Japan to Korea.  Its winter distribution is concentrated at 
~20°N (Rice 1998).  

Sei whales are rare in the waters off California, Oregon, and Washington (Brueggeman et al. 1990; 
Green et al. 1992; Barlow 1994, 1997). Less than 20 confirmed sightings were reported in that region 
during extensive surveys during 1991–2014 (Green et al. 1992, 1993; Hill and Barlow 1992; Carretta and 
Forney 1993; Mangels and Gerrodette 1994; Von Saunder and Barlow 1999; Barlow 2003, 2010, 2014; 
Forney 2007; Carretta et al. 2019). Based on surveys conducted in 1991–2008, the estimated abundance of 
sei whales off the coasts of Oregon and Washington was 52 (Barlow 2010); for 2014, the abundance 
estimate was 468 (Barlow 2016).  Two sightings of four individuals were made during the June–July 2012 
L-DEO Juan de Fuca plate seismic survey off Washington/Oregon (RPS 2012b). No sei whales were 
sighted during the July 2012 L-DEO seismic surveys off Oregon and Washington (RPS 2012a,c). 

Off the west coast of B.C., 4002 sei whales were caught from 1908–1967; the majority were taken 
from 1960–1967 during April–June (Gregr et al. 2000). The pattern of seasonal abundance suggested that 
the whales were caught as they migrated to summer feeding grounds, with the peak of the migration in July 
and offshore movement in summer, from ~25 km to ~100 km from shore (Gregr et al. 2000). Historical 
whaling data show that sei whales used to be distributed along the continental slope of B.C. and over a large 
area off the northwest coast of Vancouver Island (Gregr and Trites 2001).  

Sei whales are now considered rare in Pacific waters of the U.S. and Canada; in B.C., there were no 
sightings in the late 1900s after whaling ceased (Gregr et al. 2006). A single sei whale was seen off 
southeastern Moresby Island in Hecate Strait coastal surveys in the summers of 2004/2005 (Williams and 
Thomas 2007). Ford (2014) only reported two sightings for B.C., both of those far offshore from Haida 
Gwaii. Possible sei whale vocalizations were detected off the west coast of Vancouver Island during spring 
and summer 2006 and 2007 (Ford et al. 2010b). Gregr and Trites (2001) proposed that the area off 
northwestern Vancouver Island and the continental slope may be critical habitat for sei whales because of 
favorable feeding conditions; however, no critical habitat has been designated (Parks Canada 2016). Sei 
whales could be encountered during the proposed survey, although this species is considered rare in these 
waters. 
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III. Affected Environment 

3.3.1.6 Fin Whale (Balaenoptera physalus) 

The fin whale is widely distributed in all the World’s oceans (Gambell 1985b), although it is most 
abundant in temperate and cold waters (Aguilar and García-Vernet 2018). Nonetheless, its overall range 
and distribution are not well known (Jefferson et al. 2015). A review of fin whale distribution in the North 
Pacific noted the lack of sightings across pelagic waters between eastern and western winter areas 
(Mizroch et al. 2009). Fin whales most commonly occur offshore, but can also be found in coastal areas 
(Jefferson et al. 2015).  

Most populations migrate seasonally between temperate waters where mating and calving occur in 
winter, and polar waters where feeding occurs in summer (Aguilar and García-Vernet 2018). Some animals 
may remain at high latitudes in winter or low latitudes in summer (Edwards et al. 2015). The northern and 
southern fin whale populations likely do not interact owing to their alternate seasonal migration; the 
resulting genetic isolation has led to the recognition of two subspecies, B. physalus quoyi and B. p. physalus 
in the Southern and Northern hemispheres, respectively (Anguilar and García-Vernet 2018). The fin whale 
is known to use the shelf edge as a migration route (Evans 1987). Sergeant (1977) suggested that fin whales 
tend to follow steep slope contours, either because they detect them readily, or because the contours are 
areas of high biological productivity. However, fin whale movements have been reported to be complex 
(Jefferson et al. 2015). Stafford et al. (2009) noted that sea-surface temperature is a good predictor variable 
for fin whale call detections in the North Pacific.  

North Pacific fin whales summer from the Chukchi Sea to California and winter from California 
southwards (Gambell 1985b). Information about the seasonal distribution of fin whales in the North Pacific 
has been obtained from the detection of fin whale calls by bottom-mounted, offshore hydrophone arrays 
along the U.S. Pacific coast, in the central North Pacific, and in the western Aleutian Islands (Moore et 
al. 1998, 2006; Watkins et al. 2000a,b; Stafford et al. 2007, 2009). Fin whale calls are recorded in the North 
Pacific year-round (e.g., Moore et al. 2006; Stafford et al. 2007, 2009; Edwards et al. 2015).  In the central 
North Pacific, the Gulf of Alaska, and Aleutian Islands, call rates peak during fall and winter (Moore et 
al. 1998, 2006; Watkins et al. 2000a,b; Stafford et al. 2009). 

Fin whales are routinely sighted during surveys off Oregon and Washington (Barlow and 
Forney 2007; Barlow 2010, 2016; Adams et al. 2014; Calambokidis et al. 2015; Edwards et al. 2015; 
Carretta et al. 2019), including in coastal as well as offshore waters. They have also been detected 
acoustically in those waters during June–August (Edwards et al. 2015). Eight fin whale sightings 
(19 animals) were made off Washington/Oregon during the June–July 2012 L-DEO Juan de Fuca plate 
seismic survey; sightings were made in waters 2369–3940 m deep (RPS 2012b). Fourteen fin whale 
sightings (28 animals) were made during the July 2012 L-DEO seismic surveys off southern Washington 
(RPS 2012a). No fin whales were sighted during the July 2012 L-DEO seismic survey off Oregon 
(RPS 2012c). Fin whales were also seen off southern Oregon during July 2012 in water >2000 m deep 
during surveys by Adams et al. (2014).  

From 1908–1967, 7605 fin whales were caught off the west coast of B.C. by whalers; catches 
increased gradually from March to a peak in July, then decreased rapidly to very few in September and 
October (Gregr et al. 2000). Fin whales occur throughout B.C. waters near and past the continental shelf 
break, as well as in inshore waters (Ford 2014). Williams and Thomas (2007) estimated fin whale 
abundance in inland coastal B.C. waters at 496 based on surveys conducted in 2004 and 2005. Best et 
al. (2015) provided an estimate of 329 whales based on surveys during 2004–2008. Although fin whale 
records exist throughout the year, few sightings have been made from November through March 
(Ford 2014; Edwards et al. 2015). Fin whales were the second most common cetacean sighted during DFO 
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surveys in 2002–2008 (Ford et al. 2010a). They appear to be more common in northern B.C., but sightings 
have been made along the shelf edge and in deep waters off western Vancouver Island (Ford et al. 2010a; 
Calambokidis et al. 2003; Ford 2014).  Acoustic detections have been made throughout the year in pelagic 
waters west of Vancouver Island (Edwards et al. 2015). Calls were detected from February through July 
2006 at Union Seamount off northwestern Vancouver Island, and from May through September at La 
Pérouse Bank (Ford et al. 2010b). Gregr and Trites (2001) proposed that the area off northwestern 
Vancouver Island and the continental slope may be critical habitat for fin whales because of favorable 
feeding conditions; however, no critical habitat has been designated (Parks Canada 2016). Fin whales are 
likely to be encountered in the proposed survey area. 

3.3.1.7 Blue Whale (Balaenoptera musculus) 

The blue whale has a cosmopolitan distribution and tends to be pelagic, only coming nearshore to 
feed and possibly to breed (Jefferson et al. 2015). Although it has been suggested that there are at least five 
subpopulations of blue whales in the North Pacific (NMFS 1998), analysis of blue whale calls monitored 
from the U.S. Navy Sound Surveillance System (SOSUS) and other offshore hydrophones 
(see Stafford et al. 1999, 2001, 2007; Watkins et al. 2000a; Stafford 2003) suggests that there are two 
separate populations: the eastern and central (formerly western) stocks (Carretta et al. 2019). The status of 
these two populations could differ substantially, as little is known about the population size in the western 
North Pacific (Branch et al. 2016). Broad-scale acoustic monitoring indicates that blue whales occurring 
in the northeast Pacific during summer and fall may winter in the eastern tropical Pacific (Stafford et al. 
1999, 2001).  

In the North Pacific, blue whale calls are detected year-round (Stafford et al. 2001, 2009; 
Moore et al. 2002b, 2006; Monnahan et al. 2014). Stafford et al. (2009) reported that sea-surface 
temperature is a good predictor variable for blue whale call detections in the North Pacific. The distribution 
of the species, at least during times of the year when feeding is a major activity, occurs in areas that provide 
large seasonal concentrations of euphausiids (Yochem and Leatherwood 1985).  The eastern North Pacific 
stock feeds in California waters from June–November (Calambokidis et al. 1990; Mate et al. 1999). There 
are nine BIAs for feeding blue whales off the coast of California (Calambokidis et al. 2015), and core areas 
have also been identified there (Irvine et al. 2014).  

Blue whales are considered rare off Oregon, Washington, and B.C. (Buchanan et al. 2001; 
Gregr et al. 2006; Ford 2014), although satellite-tracked individuals have been reported off the coast (Bailey 
et al. 2009). Based on modeling of the dynamic topography of the region, blue whales could occur in 
relatively high densities off Oregon during summer and fall (Pardo et al. 2015: Hazen et al. 2017). Densities 
along the U.S. west coast, including Oregon, were predicted to be highest in shelf waters, with lower 
densities in deeper offshore areas (Becker et al. 2012; Calambokidis et al. 2015). Blue whales have been 
detected acoustically off Oregon (McDonald et al. 1995; Stafford et al. 1998; Von Saunder and 
Barlow 1999). 

Whalers used to take blue whales in offshore waters of B.C.; from 1908–1967, 1398 blue whales 
were caught (Gregr et al. 2000). Since then, sightings have been rare (Ford 2014; DFO 2017b) and there 
is no abundance estimate for B.C. waters (Nichol and Ford 2012). During surveys of B.C. waters from 
2002–2013, 16 sightings of blue whales were made, all of which occurred just to the south or west of Haida 
Gwaii during June, July, and August (Ford 2014). Seventeen blue whales have been photo identified off 
Haida Gwaii, B.C., and three were matched with whales occurring off California 
(Calambokidis et al. 2004b; Nichol and Ford 2012; Ford 2014). There have also been sightings off 
Vancouver Island during summer and fall (Calambokidis et al. 2004b; Ford 2014), with the most recent one 
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reported off southwestern Haida Gwaii in July 2019 (CBC 2019).  Blue whales were regularly detected on 
bottom-mounted hydrophones deployed off B.C. (Sears and Calambokidis 2002). Blue whale calls off 
Vancouver Island begin during August, increase in September and October, continue through 
November–February, and decline by March (Burtenshaw et al. 2004; Ford et al. 2010b; Ford 2014).  They 
were detected on La Pérouse Bank, off southwestern Vancouver Island, during September 2007 but no calls 
were detected at Union Seamount, offshore from northwestern Vancouver Island (Ford et al. 2010b). Blue 
whales could be encountered in the proposed survey area, but are considered rare in the region. 

3.3.2 Odontocetes 

3.3.2.1 Sperm Whale (Physeter macrocephalus) 

The sperm whale is widely distributed, occurring from the edge of the polar pack ice to the Equator 
in both hemispheres, with the sexes occupying different distributions (Whitehead 2018). In general, it is 
distributed over large temperate and tropical areas that have high secondary productivity and steep 
underwater topography, such as volcanic islands (Jaquet and Whitehead 1996). Its distribution and relative 
abundance can vary in response to prey availability, most notably squid (Jaquet and Gendron 2002). 
Females generally inhabit waters >1000 m deep at latitudes <40º where sea surface temperatures are <15ºC; 
adult males move to higher latitudes as they grow older and larger in size, returning to warm-water breeding 
grounds according to an unknown schedule (Whitehead 2018). 

Sperm whales are distributed widely across the North Pacific (Rice 1989). Off California, they occur 
year-round (Dohl et al. 1983; Barlow 1995; Forney et al. 1995), with peak abundance from April to 
mid-June and from August to mid-November (Rice 1974). Off Oregon, sperm whales are seen in every 
season except winter (Green et al. 1992). Sperm whales were sighted during surveys off Oregon in 
October 2011 and off Washington in June 2011 (Adams et al. 2014). Sperm whale sightings were also 
made off Oregon and Washington during the 2014 Southwest Fisheries Science Center (SWFSC) vessel 
survey (Barlow 2016). Sperm whales were detected acoustically in waters off Oregon and Washington in 
August 2016 during the SWFSC Passive Acoustics Survey of Cetacean Abundance Levels (PASCAL) 
study using drifting acoustic recorders (Keating et al. 2018). Oleson et al. (2009) noted a significant diel 
pattern in the occurrence of sperm whale clicks at offshore and inshore monitoring locations off 
Washington, whereby clicks were more commonly heard during the day at the offshore site and at night at 
the inshore location, suggesting possible diel movements up and down the slope in search of prey. Sperm 
whale acoustic detections were also reported at an inshore site from June through January 2009, with an 
absence of calls during February–May (Širović et al. 2012).  

From 1908–1967, 6158 sperm whales were caught off the west coast of B.C. They were taken in 
large numbers in April, with a peak in May. Analysis of data on catch locations, sex of the catch, and fetus 
lengths indicated that males and females were both 50–80 km from shore while mating in April and May, 
and that by July and August, adult females had moved to waters >100 km offshore to calve), and adult 
males had moved to within ~25 km of shore (Gregr et al. 2000). At least in the whaling era, females did 
not travel north of Vancouver Island whereas males were observed in deep water off Haida Gwaii (Gregr et 
al. 2000).  After the whaling era, sperm whales have been sighted and detected acoustically in B.C. waters 
throughout the year, with a peak during summer (Ford 2014). Acoustic detections at La Pérouse Bank off 
southwestern Vancouver Island have been recorded during spring and summer (Ford et al. 2010b). 
Sightings west of Vancouver Island and Haida Gwaii indicate that this species still occurs in B.C. in small 
numbers (Ford 2014). A single sperm whale was sighted during the 2009 ETOMO survey, west of the 
proposed survey area (Holst 2017). Based on whaling data, Gregr and Trites (2001) proposed that the area 
off northwestern Vancouver Island and the continental slope may be critical habitat for male sperm whales 

Final Environmental Assessment/Analysis for L-DEO Cascadia Subduction Zone, 2021 Page 38 



   

         
 

          

         
        

         
          

              
 

          
          

           
            

       
          

            
         

         

     
      

          
     

      
      

      
  

         
             

  

      

            
       

        
     

   
  

         
    

    
       

  

      

III. Affected Environment 

because of favorable feeding conditions; however, no critical habitat has been designated (Parks Canada 
2016).  Sperm whales are likely to be encountered in the proposed survey area. 

3.3.2.2 Pygmy and Dwarf Sperm Whales (Kogia breviceps and K. sima) 

Dwarf and pygmy sperm whales are distributed throughout tropical and temperate waters of the 
Atlantic, Pacific and Indian oceans, but their precise distributions are unknown because much of what we 
know of the species comes from strandings (McAlpine 2018). They are difficult to sight at sea, because of 
their dive behavior and perhaps because of their avoidance reactions to ships and behavior changes in 
relation to survey aircraft (Würsig et al. 1998).  The two species are often difficult to distinguish from one 
another when sighted (McAlpine 2018). 

Both Kogia species are sighted primarily along the continental shelf edge and slope and over deeper 
waters off the shelf (Hansen et al. 1994; Davis et al. 1998; Jefferson et al. 2015). Stomach content analyses 
from stranded whales further support this distribution (McAlpine 2018). Recent data indicate that both 
Kogia species feed in the water column and on/near the seabed, likely using echolocation to search for prey 
(McAlpine 2018). Several studies have suggested that pygmy sperm whales live and feed mostly beyond 
the continental shelf edge, whereas dwarf sperm whales tend to occur closer to shore, often over the 
continental shelf and slope (Rice 1998; Wang et al. 2002; MacLeod et al. 2004; McAlpine 2018). It has 
also been suggested that the pygmy sperm whale is more temperate and the dwarf sperm whale more 
tropical, based at least partially on live sightings at sea from a large database from the eastern tropical 
Pacific (Wade and Gerrodette 1993; McAlpine 2018). 

Pygmy and dwarf sperm whales are rarely sighted off Oregon and Washington, with only one 
sighting of an unidentified Kogia sp. beyond the U.S. EEZ, during the 1991–2014 NOAA vessel surveys 
(Carretta et al. 2019). Norman et al. (2004) reported eight confirmed stranding records of pygmy sperm 
whales for Oregon and Washington, five of which occurred during autumn and winter. There are several 
unconfirmed sighting reports of the pygmy sperm whale from the Canadian west coast (Baird et al. 1996). 
There is a stranding record of a pygmy sperm whale for northeastern Vancouver Island (Ford 2014), and 
there is a single dwarf sperm whale stranding record for southwestern Vancouver Island in September 1981 
(Ford 2014). Willis and Baird (1998) state that the dwarf sperm whale is likely found in B.C. waters more 
frequently than recognized, but Ford (2014) suggested that the presence of Kogia spp. in B.C. waters is 
extralimital. Despite the limited number of sightings, it is possible that pygmy or dwarf sperm whales could 
be encountered within the proposed project area. 

3.3.2.3 Cuvier’s Beaked Whale (Ziphius cavirostris) 

Cuvier’s beaked whale is probably the most widespread and common of the beaked whales, although 
it is not found in high-latitude polar waters (Heyning 1989; Baird 2018a). It is rarely observed at sea and 
is known mostly from strandings; it strands more commonly than any other beaked whale (Heyning 1989). 
Cuvier’s beaked whale is found in deep water in the open ocean and over and near the continental slope 
(Gannier and Epinat 2008; Baird 2018a). Its inconspicuous blows, deep-diving behavior, and tendency to 
avoid vessels all help to explain the infrequent sightings (Barlow and Gisiner 2006).  

The population in the California Current LME seems to be declining (Moore and Barlow 2013). 
Nonetheless, MacLeod et al. (2006) reported numerous sightings and strandings along the Pacific coast of 
the U.S.  Cuvier’s beaked whale is the most common beaked whale off the U.S. west coast (Barlow 2010), 
and it is the beaked whale species that has stranded most frequently on the coasts of Oregon and 
Washington. From 1942–2010, there were 23 reported Cuvier’s beaked whale strandings in Oregon and 
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Washington (Moore and Barlow 2013). Most (75%) Cuvier’s beaked whale strandings reported occurred 
in Oregon (Norman et al. 2004).  

Four beaked whale sightings were reported in water depths >2000 m off Oregon/Washington during 
surveys in 2008 (Barlow 2010). None were seen in 1996 or 2001 (Barlow 2003), and several were recorded 
from 1991–1995 (Barlow 1997). One Cuvier’s beaked whale sighting during surveys in 2014 
(Barlow 2016).  Acoustic monitoring in Washington offshore waters detected Cuvier’s beaked whale calls 
between January and November 2011 (Ŝirović et al. 2012b in USN 2015). Cuvier's beaked whales were 
detected acoustically in waters off Oregon and Washington in August 2016 during the SWFSC PASCAL 
study using drifting acoustic recorders (Keating et al. 2018). Records of Cuvier’s beaked whale in B.C. are 
scarce, although 20 strandings, one incidental catch, and five sightings have been reported, including off 
western Vancouver Island (Ford 2014). Most strandings have been reported in summer (Ford 2014). 
Cuvier’s beaked whales could be encountered during the proposed survey. 

3.3.2.4 Baird’s Beaked Whale (Berardius bairdii) 

Baird’s beaked whale has a fairly extensive range across the North Pacific north of 30˚N, and 
strandings have occurred as far north as the Pribilof Islands (Rice 1986). Two forms of Baird’s beaked 
whales have been recognized – the common slate-gray form and a smaller, rare black form (Morin et 
al. 2017). The gray form is seen off Japan, in the Aleutians, and on the west coast of North America, 
whereas the black from has been reported for northern Japan and the Aleutians (Morin et al. 2017). Recent 
genetic studies suggest that the black form could be a separate species (Morin et al. 2017). Baird’s beaked 
whale is currently divided into three distinct stocks: Sea of Japan, Okhotsk Sea, and Bering Sea/eastern 
North Pacific (Balcomb 1989; Reyes 1991). Baird’s beaked whales sometimes are seen close to shore, but 
their primary habitat is over or near the continental slope and oceanic seamounts in waters 1000–3000 m 
deep (Jefferson et al. 2015). 

Along the U.S. west coast, Baird’s beaked whales have been sighted primarily along the continental 
slope (Green et al. 1992; Becker et al. 2012; Carretta et al. 2019) from late spring to early fall (Green et 
al. 1992). The whales move out from those areas in winter (Reyes 1991). In the eastern North Pacific 
Ocean, Baird’s beaked whales apparently spend the winter and spring far offshore, and in June, they move 
onto the continental slope, where peak numbers occur during September and October.  Green et al. (1992) 
noted that Baird’s beaked whales on the U.S. west coast were most abundant in the summer, and were not 
sighted in the fall or winter. MacLeod et al. (2006) reported numerous sightings and strandings of 
Berardius spp. off the U.S. west coast.  

Green et al. (1992) sighted five groups during 75,050 km of aerial survey effort in 1989–1990 off 
Washington/Oregon spanning coastal to offshore waters: two in slope waters and three in offshore waters. 
Two groups were sighted during summer/fall 2008 surveys off Washington/Oregon, in waters >2000 m 
deep (Barlow 2010). Acoustic monitoring offshore Washington detected Baird’s beaked whale pulses 
during January through November 2011, with peaks in February and July (Ŝirović et al. 2012b in 
USN 2015). Baird’s beaked whales were detected acoustically in the waters off Oregon and Washington 
in August 2016 during the SWFSC PASCAL study using drifting acoustic recorders (Keating et al. 2018).  

There are whaler’s reports of Baird’s beaked whales off the west coast of Vancouver Island 
throughout the whaling season (May–September), especially in July and August (Reeves and 
Mitchell 1993). From 1908–1967, there was a recorded catch of 41 Baird’s beaked whales, which were not 
favored because of their small size and low commercial value (Gregr et al. 2000). Twenty-four sightings 
have been made in B.C. since the whaling era, including off the west coast of Vancouver Island (Ford 2014). 
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III. Affected Environment 

Three strandings have also been reported, including one on northeastern Haida Gwaii and two on the west 
coast of Vancouver Island.  Baird’s beaked whales could be encountered in the proposed survey area. 

3.3.2.5 Blainville’s Beaked Whale (Mesoplodon densirostris) 

Blainville’s beaked whale is found in tropical and warm temperate waters of all oceans 
(Pitman 2018). It has the widest distribution throughout the world of all Mesoplodon species 
(Pitman 2018). Like other beaked whales, Blainville’s beaked whale is generally found in waters 
200–1400 m deep (Gannier 2000; Jefferson et al. 2015).  Occasional occurrences in cooler, higher-latitude 
waters are presumably related to warm-water incursions (Reeves et al. 2002). MacLeod et al. (2006) 
reported stranding and sighting records in the eastern Pacific ranging from 37.3°N to 41.5°S. However, 
none of the 36 beaked whale stranding records in Oregon and Washington during 1930–2002 included 
Blainville’s beaked whale (Norman et al. 2004). One Blainville’s beaked whale was found stranded (dead) 
on the Washington coast in November 2016 (COASST 2016).  

There was one acoustic encounter with Blainville’s beaked whales recorded in Quinault Canyon off 
Washington in waters 1400 m deep during 2011 (Baumann-Pickering et al. 2014). Blainville’s beaked 
whales were not detected acoustically off Washington or Oregon during the August 2016 SWFSC PASCAL 
study using drifting acoustic recorders (Keating et al. 2018). No sightings have been made off B.C. 
(Ford 2014). Although Blainville’s beaked whales could be encountered during the proposed survey, an 
encounter would be unlikely because the proposed survey area is beyond the northern limits of this tropical 
species’ usual distribution. 

3.3.2.6 Hubbs’ Beaked Whale (Mesoplodon carlhubbsi) 

Hubbs’ beaked whale occurs in temperate waters of the North Pacific (Mead 1989). Its distribution 
appears to be correlated with the deep subarctic current (Mead et al. 1982). Numerous stranding records 
have been reported for the west coast of the U.S. (MacLeod et al. 2006). Most are from California, but at 
least seven strandings have been recorded along the B.C. coast as far north as Prince Rupert (Mead 1989; 
Houston 1990a; Willis and Baird 1998; Ford 2014).  Two strandings are known from Washington/Oregon 
(Norman et al. 2004). In addition, at least two sightings off Oregon/Washington, but outside the U.S. EEZ, 
were reported by Carretta et al. (2019). During the 2016 SWFSC PASCAL study using drifting acoustic 
recorders, detections were made of beaked whale sounds presumed to be from Hubbs’ beaked whales off 
Washington and Oregon during August (Griffiths et al. submitted manuscript cited in Keating et al. 2018). 
There have been no confirmed sightings of Hubbs’ beaked whales in B.C. This species seems to be less 
common in the proposed survey area than some of the other beaked whales, but it could be encountered 
during the survey. 

3.3.2.7 Stejneger’s Beaked Whale (Mesoplodon stejnegeri) 

Stejneger’s beaked whale occurs in subarctic and cool temperate waters of the North Pacific 
(Mead 1989). Most records are from Alaskan waters, and the Aleutian Islands appear to be its center of 
distribution (Mead 1989; Wade et al. 2003). After Cuvier’s beaked whale, Stejneger’s beaked whale was 
the second most commonly stranded beaked whale species in Oregon and Washington (Norman et al. 2004). 
Stejneger’s beaked whale calls were detected during acoustic monitoring offshore Washington between 
January and June 2011, with an absence of calls from mid-July–November 2011 (Ŝirović et al. 2012b in 
USN 2015). Analysis of these data suggest that this species could be more than twice as prevalent in this 
area than Baird’s beaked whale (Baumann-Pickering et al. 2014). Stejneger's beaked whales were also 
detected acoustically in waters off Oregon and Washington in August 2016 during the SWFSC PASCAL 
study using drifting acoustic recorders (Keating et al. 2018).  

Final Environmental Assessment/Analysis for L-DEO Cascadia Subduction Zone, 2021 Page 41 



   

        
         

         
 

      

           
          

      
           

     
 

         
         

      
           

     
      

       
 

     

     
          

      
          

      
  

      
      

      
     

           
      

  

   
             
        

    
    

 

     

    
           

      

III. Affected Environment 

At least five stranding records exist for B.C. (Houston 1990b; Willis and Baird 1998; Ford 2014), 
including two strandings on the west coast of Haida Gwaii and two strandings on the west coast of 
Vancouver Island (Ford 2014). A possible sighting was made on the east coast of Vancouver Island 
(Ford 2014).  Stejneger’s beaked whales could be encountered during the proposed survey. 

3.3.2.8 Common Bottlenose Dolphin (Tursiops truncatus) 

The bottlenose dolphin is distributed worldwide in coastal and shelf waters of tropical and temperate 
oceans (Jefferson et al. 2015). There are two distinct bottlenose dolphin types: a shallow water type, mainly 
found in coastal waters, and a deep-water type, mainly found in oceanic waters (Duffield et al. 1983; 
Hoelzel et al. 1998; Walker et al. 1999). Coastal common bottlenose dolphins exhibit a range of movement 
patterns including seasonal migration, year-round residency, and a combination of long-range movements 
and repeated local residency (Wells and Scott 2009).  

Bottlenose dolphins occur frequently off the coast of California, and sightings have been made as far 
north as 41ºN, but few records exist for Oregon and Washington (Carretta et al. 2019). Three sightings and 
one stranding of bottlenose dolphins have been documented in Puget Sound since 2004 (Cascadia Research 
2011 in USN 2015). It is possible that offshore bottlenose dolphins may range as far north as the proposed 
survey area during warm-water periods (Carretta et al. 2019). Adams et al. (2014) made one sighting off 
Washington during September 2012. There are no confirmed records of bottlenose dolphins for B.C., 
although an unconfirmed record exists for offshore waters (Baird et al. 1993). It is possible, although 
unlikely, that bottlenose dolphins could be encountered in the proposed survey area. 

3.3.2.9 Striped Dolphin (Stenella coeruleoalba) 

The striped dolphin has a cosmopolitan distribution in tropical to warm temperate waters from ~50°N 
to 40°S (Perrin et al. 1994; Jefferson et al. 2015). It occurs primarily in pelagic waters, but has been 
observed approaching shore where there is deep water close to the coast (Jefferson et al. 2015). The striped 
dolphin is typically found in waters outside the continental shelf and is often associated with convergence 
zones and areas of upwelling; however, it has also been observed approaching shore where there is deep 
water close to the coast (Jefferson et al. 2015). 

Striped dolphins regularly occur off California (Becker et al. 2012), including as far offshore as 
~300 n.mi. during the NOAA Fisheries vessel surveys (Carretta et al. 2019). However, few sightings have 
been made off Oregon, and no sightings have been reported for Washington (Carretta et al. 2019). 
However, strandings have occurred along the coasts of Oregon and Washington (Carretta et al. 2016). 
During surveys off the U.S. west coast in 2014, striped dolphins were seen as far north as 44ºN; based on 
those sightings, Barlow (2016) calculated an abundance estimate of 13,171 striped dolphins for 
Oregon/Washington.  The abundance estimates for 2001, 2005, and 2008 were zero (Barlow 2016).  

Striped dolphins are rare in the waters of B.C. and are considered extralimital there (Ford 2014). 
There is a total of 14 confirmed records of stranded individuals or remains for Vancouver Island 
(Ford 2014). A single confirmed sighting was made in September 2019 in the Strait of Juan de Fuca 
(Pacific Whale Watch Association 2019). One bycatch record exists in waters far offshore from Vancouver 
Island (Ford 2014). It is possible, although unlikely, that striped dolphins could be encountered in the 
proposed survey area. 

3.3.2.10 Short-beaked Common Dolphin (Delphinus delphis) 

The short-beaked common dolphin is found in tropical and warm temperate oceans around the world 
(Jefferson et al. 2015), ranging from ~60ºN to ~50ºS (Jefferson et al. 2015). It is the most abundant dolphin 
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III. Affected Environment 

species in offshore areas of warm-temperate regions in the Atlantic and Pacific (Perrin 2018). It can be 
found in oceanic and coastal habitats; it is common in coastal waters 200–300 m deep and is also associated 
with prominent underwater topography, such as seamounts (Evans 1994). Short-beaked common dolphins 
have been sighted as far as 550 km from shore (Barlow et al. 1997).  

The distribution of short-beaked common dolphins along the U.S. west coast is variable and likely 
related to oceanographic changes (Heyning and Perrin 1994; Forney and Barlow 1998). It is the most 
abundant cetacean off California; some sightings have been made off Oregon, in offshore waters 
(Carretta et al. 2019). During surveys off the west coast in 2014 and 2017, sightings were made as far north 
as 44N (Barlow 2016; SIO n.d.). Based on the absolute dynamic topography of the region, short-beaked 
common dolphins could occur in relatively high densities off Oregon during July–December 
(Pardo et al. 2015). In contrast, habitat modeling predicted moderate densities of common dolphins off the 
Columbia River estuary during summer, with lower densities off southern Oregon (Becker et al. 2014). 
There are three stranding records for B.C., including one for northwestern Vancouver Island, one for the 
Strait of Juan de Fuca, and one for Hecate Strait (Ford 2014). Common dolphins could be encountered in 
the proposed survey area. 

3.3.2.11 Pacific White-sided Dolphin (Lagenorhynchus obliquidens) 

The Pacific white-sided dolphin is found in cool temperate waters of the North Pacific from the 
southern Gulf of California to Alaska. Across the North Pacific, it appears to have a relatively narrow 
distribution between 38°N and 47°N (Brownell et al. 1999). In the eastern North Pacific Ocean, the Pacific 
white-sided dolphin is one of the most common cetacean species, occurring primarily in shelf and slope 
waters (Green et al. 1993; Barlow 2003, 2010). It is known to occur close to shore in certain regions, 
including (seasonally) southern California (Brownell et al. 1999).  

Results of aerial and shipboard surveys strongly suggest seasonal north–south movements of the 
species between California and Oregon/Washington; the movements apparently are related to 
oceanographic influences, particularly water temperature (Green et al. 1993; Forney and Barlow 1998; 
Buchanan et al. 2001). During winter, this species is most abundant in California slope and offshore areas; 
as northern waters begin to warm in the spring, it appears to move north to slope and offshore waters off 
Oregon/Washington (Green et al. 1992, 1993; Forney 1994; Forney et al. 1995; Buchanan et al. 2001; 
Barlow 2003). The highest encounter rates off Oregon and Washington have been reported during 
March–May in slope and offshore waters (Green et al. 1992). Similarly, Becker et al. (2014) predicted 
relatively high densities off southern Oregon in shelf and slope waters.  

Based on year-round aerial surveys off Oregon/Washington, the Pacific white-sided dolphin was the 
most abundant cetacean species, with nearly all (97%) sightings occurring in May (Green et al. 1992, 1993). 
Barlow (2003) also found that the Pacific white-sided dolphin was one of the most abundant marine 
mammal species off Oregon/Washington during 1996 and 2001 ship surveys, and it was the second most 
abundant species reported during 2008 surveys (Barlow 2010). Adams et al. (2014) reported numerous 
offshore sightings off Oregon during summer, fall, and winter surveys in 2011 and 2012. Based on surveys 
conducted during 2014, the abundance was estimated at 20,711 for Oregon/Washington (Barlow 2016).  

Fifteen Pacific white-sided dolphin sightings (231 animals) were made off Washington/Oregon 
during the June–July 2012 L-DEO Juan de Fuca plate seismic survey (RPS 2012b). There were fifteen 
Pacific white-sided dolphin sightings (462 animals) made during the July 2012 L-DEO seismic surveys off 
southern Washington (RPS 2012a). This species was not sighted during the July 2012 L-DEO seismic 
survey off Oregon (RPS 2012c). One group of 10 Pacific white-sided dolphins was sighted during the 2009 
ETOMO survey west of the proposed survey area (Holst 2017).  
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III. Affected Environment 

Pacific white-sided dolphins are common throughout the waters of B.C., including Dixon Entrance, 
Hecate Strait, Queen Charlotte Sound, the west coast of Haida Gwaii, as well as western Vancouver Island, 
and the mainland coast (Ford 2014). Stacey and Baird (1991a) compiled 156 published and unpublished 
records to 1988 of the Pacific white-sided dolphin within the Canadian 320-km extended EEZ. These 
dolphins move inshore and offshore seasonally (Stacey and Baird 1991a). There were inshore records for 
all months except July, and offshore records from all months except December. Offshore sightings were 
much more common than inshore sightings, especially in June–October; the mean water depth was 
~1100 m. Ford et al. (2011b) reported that most sightings occur in water depths <500 m and within 20 km 
from shore. Williams and Thomas (2007) estimated an abundance of 25,900 Pacific white-sided dolphins 
in inshore coastal B.C. waters based on surveys conducted in 2004 and 2005. Best et al. (2015) provided 
an estimate of 22,160 individuals based on surveys during 2004–2008. Pacific white-sided dolphins are 
likely to be common in the proposed survey area. 

3.3.2.12 Northern Right Whale Dolphin (Lissodelphis borealis) 

The northern right whale dolphin is found in cool temperate and sub-arctic waters of the North 
Pacific, from the Gulf of Alaska to near northern Baja California, ranging from 30°N to 50°N 
(Reeves et al. 2002). In the eastern North Pacific Ocean, the northern right whale dolphin is one of the 
most common marine mammal species, occurring primarily in shelf and slope waters ~100 to >2000 m 
deep (Green et al. 1993; Barlow 2003). The northern right whale dolphin comes closer to shore where there 
is deep water, such as over submarine canyons (Reeves et al. 2002).  

Aerial and shipboard surveys suggest seasonal inshore-offshore and north-south movements in the 
eastern North Pacific Ocean between California and Oregon/Washington; the movements are believed to 
be related to oceanographic influences, particularly water temperature and presumably prey distribution 
and availability (Green et al. 1993; Forney and Barlow 1998; Buchanan et al. 2001). Green et al. (1992, 
1993) found that northern right whale dolphins were most abundant off Oregon/Washington during fall, 
less abundant during spring and summer, and absent during winter, when this species presumably moves 
south to warmer California waters (Green et al. 1992, 1993; Forney 1994; Forney et al. 1995; 
Buchanan et al. 2001; Barlow 2003).  

Becker et al. (2014) predicted relatively high densities off southern Oregon, and moderate densities 
off northern Oregon and Washington. Based on year-round aerial surveys off Oregon/Washington, the 
northern right whale dolphin was the third most abundant cetacean species, concentrated in slope waters 
but also occurring in water out to ~550 km offshore (Green et al. 1992, 1993). Barlow (2003, 2010) also 
found that the northern right whale dolphin was one of the most abundant marine mammal species off 
Oregon/Washington during 1996, 2001, 2005, and 2008 ship surveys. Offshore sightings were made in the 
waters of Oregon during summer, fall, and winter surveys in 2011 and 2012 (Adams et al. 2014).  

There are 47 records for B.C., mostly in deep water off the west coast of Vancouver Island; however, 
sightings have also been made in deep water off Haida Gwaii (Ford 2014). Most sightings have occurred 
in water depths >900 m (Baird and Stacey 1991a). One group of six northern right whale dolphins was 
seen west of Vancouver Island in water deeper than 2500 m during a survey from Oregon to Alaska (Hauser 
and Holst 2009).  Northern right whale dolphins are likely to be encountered in the proposed survey area. 

3.3.2.13 Risso’s Dolphin (Grampus griseus) 

Risso’s dolphin is distributed worldwide in mid-temperate and tropical oceans (Kruse et al. 1999). 
although it shows a preference for mid-temperate waters of the shelf and slope between 30 and 45 
(Jefferson et al. 2014). Although it occurs from coastal to deep water (~200–1000 m depth), it shows a 
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III. Affected Environment 

strong preference for mid-temperate waters of upper continental slopes and steep shelf-edge areas 
(Hartman 2018).  

Off the U.S. west coast, Risso’s dolphin is believed to make seasonal north-south movements related 
to water temperature, spending colder winter months off California and moving north to waters off 
Oregon/Washington during the spring and summer as northern waters begin to warm (Green et al. 1992, 
1993; Buchanan et al. 2001; Barlow 2003; Becker 2007). The distribution and abundance of Risso’s 
dolphins are highly variable from California to Washington, presumably in response to changing 
oceanographic conditions on both annual and seasonal time scales (Forney and Barlow 1998; Buchanan 
et al. 2001). The highest densities were predicted along the coasts of Washington, Oregon, and central and 
southern California (Becker et al. 2012). Off Oregon and Washington, Risso’s dolphins are most abundant 
over continental slope and shelf waters during spring and summer, less so during fall, and rare during winter 
(Green et al. 1992, 1993). Green et al. (1992, 1993) reported most Risso’s dolphin groups off Oregon 
between ~45 and 47ºN. Several sightings were made off southern Oregon during surveys in 1991–2014 
(Carretta et al. 2019). Sightings during ship surveys in summer/fall 2008 were mostly between ~30 and 
38ºN; none were reported in Oregon/Washington (Barlow 2010). Based on 2014 survey data, the 
abundance for Oregon/Washington was estimated at 430 (Barlow 2016). 

Risso’s dolphin was once considered rare in B.C., but there have been numerous sightings since the 
1970s (Ford 2014). In B.C., most sightings have been made in Gwaii Haanas National Park Reserve, Haida 
Gwaii, but there have also been sightings in Dixon Entrance, off the west coast of Haida Gwaii, Queen 
Charlotte Sound, as well as to the west of Vancouver Island (Ford 2014). Strandings have mainly been 
reported for the Strait of Georgia (Ford 2014). Risso’s dolphins could be encountered in the proposed 
survey area. 

3.3.2.14 False Killer Whale (Pseudorca crassidens) 

The false killer whale is found worldwide in tropical and temperate waters, generally between 50ºN 
and 50ºS (Odell and McClune 1999). It is widely distributed, but not abundant anywhere 
(Carwardine 1995). The false killer whale generally inhabits deep, offshore waters, but sometimes is found 
over the continental shelf and occasionally moves into very shallow (Jefferson et al. 2015; Baird 2018b). 
It is gregarious and forms strong social bonds, as is evident from its propensity to strand en masse 
(Baird 2018b). In the eastern North Pacific, it has been reported only rarely north of Baja California 
(Leatherwood et al. 1982, 1987; Mangels and Gerrodette 1994); however, the waters off the U.S. west coast 
all the way north to Alaska are considered part of its secondary range (Jefferson et al. 2015).  

Its occurrence in Washington/Oregon is associated with warm-water incursions (Buchanan et al. 
2001). However, no sightings of false killer whales were made along the U.S. west coast during surveys 
conducted from 1986–2001 (Ferguson and Barlow 2001, 2003; Barlow 2003) or in 2005 and 2008 
(Forney 2007; Barlow 2010). One pod of false killer whales occurred in Puget Sound for several months 
during the 1990s (USN 2015). Two false killer whales were reported stranded along the Washington coast 
during 1930–2002, both in El Niño years (Norman et al. 2004).  

Stacey and Baird (1991b) suggested that false killer whales are at the limit of their distribution in 
Canada and have always been rare. Sightings have been made along the northern and central mainland 
B.C. coast, as well as in Queen Charlotte Strait, Strait of Georgia, and along the west coast of Vancouver 
Island; there are no records for deeper water in the proposed survey area (Ford 2014). This species is 
unlikely to be encountered during the proposed survey. 
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III. Affected Environment 

3.3.2.15 Killer Whale (Orcinus orca) 

The killer whale is cosmopolitan and globally fairly abundant; it has been observed in all oceans of 
the world (Ford 2018). It is very common in temperate waters and also frequents tropical waters, at least 
seasonally (Heyning and Dahlheim 1988). Killer whales are segregated socially, genetically, and 
ecologically into three distinct ecotypes: residents, transients, and offshore animals. Killer whales occur in 
inshore inlets, along the coast, over the continental shelf, and in offshore waters (Ford 2014).  

There are eight killer whale stocks recognized in the Pacific U.S.: (1) Alaska Residents, occurring 
from Southeast Alaska to the Aleutians and Bering Sea; (2) Northern Residents, from B.C. through parts of 
Southeast Alaska; (3) Southern Residents, mainly in inland waters of Washington State and southern B.C.; 
(4) Gulf of Alaska, Aleutians, and Bering Sea Transients, from Prince William Sound through to the 
Aleutians and Bering Sea; (5) AT1 Transients, from Prince William Sound through the Kenai Fjords; 
(6) West Coast Transients, from California through Southeast Alaska; (7) Offshore, from California through 
Alaska; and (8) Hawaiian (Muto et al. 2019; Carretta et al. 2019). Individuals from the endangered 
Southern Resident stock, as well as the Northern Resident, West Coast Transient, and Offshore stocks could 
be encountered in the proposed project area. 

Resident killer whales mainly feed on salmon, in particular Chinook, and their movements coincide 
with those of their prey (Ford 2014). During the spring, summer, and fall, southern resident killer whales 
primarily occur in the southern Strait of Georgia, Strait of Juan de Fuca, Puget Sound, and the southern half 
of the west coast of Vancouver Island (Ford et al. 1994; Baird 2001; Olson et al. 2018; Carretta et al. 2019). 
These areas have been designated as critical habitat either by the U.S. or Canada. High-use areas along the 
coast of Washington have also been reported (Hanson et al. 2017, 2018) and are soon to be designated as 
critical habitat (NMFS 2019a).  

Southern resident killer whales occur along the outer coasts of B.C. and Washington throughout the 
year, but individuals have been reported as far south as California and as far north as Alaska (Hanson et al. 
2017, 2018; Carretta et al. 2019). There appears to be a recent occupancy shift from the Salish Sea in 
spring/summer to other waters, possibly offshore (Shields et al. 2018a; Maples 2019). Southern resident 
killer whales have been detected acoustically at Swiftsure Bank off southwestern Vancouver Island 
throughout the year, with peak activity during the summer (Riera et al. 2019). Southern resident whales 
appear to spend the majority of their time on the continental shelf, within 34 km from the coast, in water 
<100 m deep (Hanson et al. 2017). K/L pods primarily occur on the Washington coast, from Grays Harbor 
to the Columbia River; high use areas for J pod primarily occur at the western entrance of the Strait of Juan 
de Fuca and northern Strait of Georgia (Hanson et al. 2017).  This population has decreased from a census 
count of 99 animals in 1995 (Carretta et al. 2019) to a current size of 75 individuals (OrcaNetwork 2021); 
this small population is threatened by reduced prey availability, contaminants, and vessel disturbance 
including noise (Williams et al. 2016; Lacy et al. 2017; DFO 2018c; Murray et al. 2019; NMFS 2021b). 

In B.C., the northern residents inhabit the central and northern Strait of Georgia, Johnstone Strait, 
Queen Charlotte Strait, the west coast of Vancouver Island, and the entire central and north coast of 
mainland B.C. (Muto et al. 2019). Many sightings have been made in Dixon Entrance (which is designated 
as critical habitat) and eastern Hecate Strait, which is also considered important habitat (Ford 2014). 
Critical habitat for this population in B.C. also includes the waters off southwestern Vancouver Island, 
where both northern and southern resident killer whales often forage in the summer (Ford 2014). Northern 
resident killer whales have been detected acoustically at Swiftsure Bank off southwestern Vancouver Island 
throughout the year, with peak activity during summer (Riera et al. 2019). 
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III. Affected Environment 

The main diet of transient killer whales consists of marine mammals, in particular porpoises and 
seals. West coast transient whales (also known as Bigg’s killer whales) range from Southeast Alaska to 
California (Muto et al. 2019). The seasonal movements of transients are largely unpredictable, although 
there is a tendency to investigate harbor seal haulouts off Vancouver Island more frequently during the 
pupping season in August and September (Baird 1994; Ford 2014). Transients have been sighted 
throughout B.C. waters, including the waters around Vancouver Island (Ford 2014) as well as the Salish 
Sea (Shields et al. 2018b). Green et al. (1992) noted that most groups seen during their surveys off Oregon 
and Washington were likely transients; during those surveys, killer whales were sighted only in shelf waters. 
Two of 17 killer whales that stranded in Oregon were confirmed as transient (Stevens et al. 1989 in Norman 
et al. 2004).  

Little is known about offshore killer whales, but they occur primarily over shelf waters and feed on 
fish, especially sharks (Ford 2014). Dahlheim et al. (2008) reported sightings off Washington and Oregon 
in the summer, and sightings in the Strait of Juan de Fuca during spring. Relatively few sightings have 
been reported in the waters of B.C.; there have been 103 records since 1988 (Ford 2014). The number of 
sightings is likely influenced by the fact that these whales prefer deeper waters near the slope, where little 
sighting effort has taken place (Ford 2014). Most sightings are from Haida Gwaii and 15 km or more off 
the west coast of Vancouver Island near the continental slope (Ford et al. 1994). Offshore killer whales are 
mainly seen off B.C. during summer and off California during winter, but they can occur in B.C. waters 
year-round (Ford 2014). Based on surveys conducted during 2004–2008, Best et al. (2015) estimated that 
371 killer whales (all ecotypes) occur in coastal waters of B.C.  

Eleven sightings of ~536 individuals were reported off Oregon/Washington during the 2008 SWFSC 
vessel survey (Barlow 2010). Killer whales were sighted offshore Washington during surveys from 
August 2004 to September 2008 (Oleson et al. 2009). Keating et al. (2015) analyzed cetacean whistles 
from recordings made during 2000–2012; several killer whale acoustic detections were made offshore 
Washington. Killer whales were sighted off Washington in July and September 2012 (Adams et al. 2014). 

Killer whales could be encountered during the proposed surveys, including northern and southern 
resident killer whales in their critical habitat in Canada. However, most sightings within the critical habitat 
off southwestern Vancouver Island have occurred closer to shore than the proposed seismic transects. 

3.3.2.16 Short-finned Pilot Whale (Globicephala macrorhynchus) 

The short-finned pilot whale is found in tropical and warm temperate waters (Olson 2018); it is seen 
as far south as ~40ºS and as far north as ~50ºN (Jefferson et al. 2015). Pilot whales are generally nomadic, 
but may be resident in certain locations, including California and Hawaii (Olson 2018).  Short-finned pilot 
whales were common off southern California (Dohl et al. 1980) until an El Niño event occurred in 
1982–1983 (Carretta et al. 2019). Few sightings were made off California/Oregon/ Washington in 
1984–1992 (Green et al. 1992; Carretta and Forney 1993; Barlow 1997), but sightings remain rare 
(Barlow 1997; Buchanan et al. 2001; Barlow 2010). No short-finned pilot whales were seen during surveys 
off Oregon and Washington in 1989–1990, 1992, 1996, and 2001 (Barlow 2003). Carretta et al. (2019) 
reported one sighting off Oregon during 1991–2014. Several stranding events in Oregon/southern 
Washington have been recorded over the past few decades, including in March 1996, June 1998, and 
August 2002 (Norman et al. 2004). 

Short-finned pilot whales are considered rare in B.C. waters (Baird and Stacey 1993; Ford 2014). 
There are 10 confirmed records, including three bycatch records in offshore waters, six sightings in offshore 
waters, and one stranding; the stranding occurred in the Strait of Juan de Fuca (Ford 2014).  There are also 
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unconfirmed records for nearshore waters of western Vancouver Island (Baird and Stacey 1993; Ford 2014). 
Pilot whales are expected to be rare in the proposed survey area.  

3.3.2.17 Harbor Porpoise (Phocoena phocoena) 

The harbor porpoise inhabits temperate, subarctic, and arctic waters. It is typically found in shallow 
water (<100 m) nearshore but is occasionally sighted in deeper offshore water (Jefferson et al. 2015); 
abundance declines linearly as depth increases (Barlow 1988). In the eastern North Pacific, its range 
extends from Point Barrow, Alaska, to Point Conception, California.  Their seasonal movements appear to 
be inshore-offshore, rather than north-south, as a response to the abundance and distribution of food 
resources (Dohl et al. 1983; Barlow 1988).  Genetic testing has also shown that harbor porpoises along the 
west coast of North America are not migratory and occupy restricted home ranges (Rosel et al. 1995).  

Based on genetic data and density discontinuities, six stocks have been identified in California/ 
Oregon/Washington: (1) Washington Inland Waters, (2) Northern Oregon/Washington Coast, (3) Northern 
California/Southern Oregon, (4) San Francisco-Russian River, (5) Monterey Bay, and (6) Morro Bay 
(Carretta et al. 2019). Harbor porpoises from the Northern Oregon/Washington and the Northern 
California/Southern Oregon stocks could occur in the proposed project area (Carretta et al. 2019). 

Harbor porpoises inhabit coastal Oregon and Washington waters year-round, although there appear 
to be distinct seasonal changes in abundance there (Barlow 1988; Green et al. 1992). Green et al. (1992) 
reported that encounter rates were similarly high during fall and winter, intermediate during spring, and 
low during summer. Encounter rates were highest along the Oregon/Washington coast in the area from 
Cape Blanco (~43°N) to California, from fall through spring. During summer, the reported encounter rates 
decreased notably from inner shelf to offshore waters. Green et al. (1992) reported that 96% of harbor 
porpoise sightings off Oregon/Washington occurred in coastal waters <100 m deep, with a few sightings 
on the slope near the 200-m isobath. Similarly, predictive density distribution maps show the highest in 
nearshore waters along the coasts of Oregon/Washington, with very low densities beyond the 500-m isobath 
(Menza et al. 2016).  

Based on surveys conducted during 2004 and 2005, Williams and Thomas (2007) estimated that 
9120 harbor porpoises are present in inshore coastal waters of B.C. Best et al. (2015) provided an estimate 
of 8091 based on surveys during 2004–2008. Harbor porpoises are found along the coast year-round, 
primarily in coastal shallow waters, harbors, bays, and river mouths of B.C. (Osborne et al. 1988), but can 
also be found in deep water over the continental shelf and over offshore banks that are no deeper than 150 m 
(Ford 2014; COSEWIC 2016a). Many sightings exist for nearshore waters of Vancouver Island 
(Ford 2014), including within the proposed survey area. Occasional sightings have also been made in 
shallow water of Swiftsure and La Pérouse banks off southwestern Vancouver Island (Ford 2014). Harbor 
porpoises could be encountered in shallower water in the eastern portions of the proposed project area. 

3.3.2.18 Dall’s Porpoise (Phocoenoides dalli) 

Dall’s porpoise is found in temperate to subarctic waters of the North Pacific and adjacent seas 
(Jefferson et al. 2015). It is widely distributed across the North Pacific over the continental shelf and slope 
waters, and over deep (>2500 m) oceanic waters (Hall 1979). It is probably the most abundant small 
cetacean in the North Pacific Ocean, and its abundance changes seasonally, likely in relation to water 
temperature (Becker 2007). 

Off Oregon and Washington, Dall’s porpoise is widely distributed over shelf and slope waters, with 
concentrations near shelf edges, but is also commonly sighted in pelagic offshore waters (Morejohn 1979; 
Green et al. 1992; Becker et al. 2014; Fleming et al. 2018; Carretta et al. 2019). Combined results of various 
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surveys out to ~550 km offshore indicate that the distribution and abundance of Dall’s porpoise varies 
between seasons and years. North-south movements are believed to occur between Oregon/Washington 
and California in response to changing oceanographic conditions, particularly temperature and distribution 
and abundance of prey (Green et al. 1992, 1993; Mangels and Gerrodette 1994; Barlow 1995; Forney and 
Barlow 1998; Buchanan et al. 2001). Becker et al. (2014) predicted high densities off southern Oregon 
throughout the year, with moderate densities to the north. According to predictive density distribution 
maps, the highest densities off southern Washington and Oregon occur along the 500-m isobath 
(Menza et al. 2016).  

Encounter rates reported by Green et al. (1992) during aerial surveys off Oregon/Washington were 
highest in fall, lowest during winter, and intermediate during spring and summer. Encounter rates during 
the summer were similarly high in slope and shelf waters, and somewhat lower in offshore waters 
(Green et al. 1992). Dall’s porpoise was the most abundant species sighted off Oregon/Washington during 
1996, 2001, 2005, and 2008 ship surveys up to ~550 km from shore (Barlow 2003, 2010). 
Oleson et al. (2009) reported 44 sightings of 206 individuals off Washington during surveys form 
August 2004 to September 2008.  Dall’s porpoise were seen in the waters off Oregon during summer, fall, 
and winter surveys in 2011 and 2012 (Adams et al. 2014).  

Nineteen Dall’s porpoise sightings (144 animals) were made off Washington/Oregon during the 
June–July 2012 L-DEO Juan de Fuca plate seismic survey (RPS 2012b). There were 16 Dall’s porpoise 
sightings (54 animals) made during the July 2012 L-DEO seismic surveys off southern Washington 
(RPS 2012a). This species was not sighted during the July 2012 L-DEO seismic survey off Oregon 
(RPS 2012c).  

Dall’s porpoise is found all along the B.C. coast and is common inshore and offshore throughout the 
year (Jefferson 1990; Ford 2014).  It is most common over the continental shelf and slope, but also occurs 
>2400 km from the coast (Pike and MacAskie 1969 in Jefferson 1990), and sightings have been made 
throughout the proposed survey area (Ford 2014).  There appears to be a distributional shift inshore during 
the summer and offshore in winter (Ford 2014).  Based on surveys conducted in 2004 and 2005, Williams 
and Thomas (2007) estimated that there are 4910 Dall’s porpoises in inshore coastal waters of B.C. Best et 
al. (2015) provided an estimate of 5303 individuals based on surveys during 2004–2008. During a survey 
from Oregon to Alaska, Dall’s porpoises were sighted west of Vancouver Island and Haida Gwaii in early 
October during the southbound transit, but none were sighted in mid-September during the northward 
transit; all sightings were made in water deeper than 2000 m (Hauser and Holst 2009). Dall's porpoise was 
the most frequently sighted marine mammal species (5 sightings or 28 animals) during the 2009 ETOMO 
survey west of the proposed survey area (Holst 2017). Dall’s porpoise is likely to be encountered during 
the proposed seismic survey. 

3.3.3 Pinnipeds 

3.3.3.1 Guadalupe Fur Seal (Arctocephalus townsendi) 

Most breeding and births occur at Isla Guadalupe, Mexico; a secondary rookery exists at Isla Benito 
del Este (Maravilla-Chavez and Lowry 1999; Aurioles-Gamboa et al. 2010). A few Guadalupe fur seals 
are known to occur at California sea lion rookeries in the Channel Islands, primarily San Nicolas and San 
Miguel islands, and sightings have also been made at Santa Barbara and San Clemente islands 
(Stewart et al. 1987; Carretta et al. 2019). Guadalupe fur seals prefer rocky habitat for breeding and hauling 
out. They generally haul out at the base of towering cliffs on shores characterized by solid rock and large 
lava blocks (Peterson et al. 1968), although they can also inhabit caves and recesses (Belcher and Lee 2002). 
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While at sea, this species usually is solitary but typically gathers in the hundreds to thousands at breeding 
sites.  

During the summer breeding season, most adults occur at rookeries in Mexico (Carretta et al. 2019; 
Norris 2017 in USN 2019a,b). Following the breeding season, adult males tend to move northward to 
forage. Females have been observed feeding south of Guadalupe Island, making an average round trip of 
2375 km (Ronald and Gots 2003).  Several rehabilitated Guadalupe fur seals that were satellite tagged and 
released in central California traveled as far north as B.C. (Norris et al. 2015; Norris 2017 in USN 2019a,b). 
Fur seals younger than two years old are more likely to travel to more northerly, offshore areas than older 
fur seals (Norris 2017 in USN 2019a,b). Stranding data also indicates that fur seals younger than 2 years 
are more likely to occur in the proposed survey area, as this age class was most frequently reported 
(Lambourn et al. 2012 in USN 2019a,b). In 2015–2016, 175 Guadalupe fur seals stranded on the coast of 
California; NMFS declared this an unusual mortality event (Carretta et al. 2019). Guadalupe fur seals could 
be encountered during the proposed seismic surveys off the coasts of Washington and Oregon, but most 
animals are likely to occur at their breeding sites further south at the time of the survey. 

3.3.3.2 Northern Fur Seal (Callorhinus ursinus) 

The northern fur seal is endemic to the North Pacific Ocean and occurs from southern California to 
the Bering Sea, Okhotsk Sea, and Honshu Island, Japan (Muto et al. 2019). During the breeding season, 
most of the worldwide population of northern fur seals inhabits the Pribilof Islands in the southern Bering 
Sea (NMFS 2007; Lee et al. 2014; Muto et al. 2019). The rest of the population occurs at rookeries on 
Bogoslof Island in the Bering Sea, in Russia (Commander Islands, Robben Island, Kuril Islands), on San 
Miguel Island in southern California (NMFS 1993; Lee et al. 2014), and on the Farallon Islands off central 
California (Muto et al. 2019). In the U.S., two stocks are recognized—the Eastern Pacific and the California 
stocks (Muto et al. 2019). The Eastern Pacific stock ranges from the Pribilof Islands and Bogoslof Island 
in the Bering Sea during summer to California during winter (Muto et al. 2019).  

When not on rookery islands, northern fur seals are primarily pelagic but occasionally haul out on 
rocky shorelines (Muto et al. 2019). During the breeding season, adult males usually come ashore in 
May–August and may sometimes be present until November; adult females are found ashore from 
June–November (Carretta et al. 2019; Muto et al. 2019). After reproduction, northern fur seals spend the 
next 7–8 months feeding at sea (Roppel 1984). Immature seals can remain in southern foraging areas year-
round until they are old enough to mate (NMFS 2007). In November, females and pups leave the Pribilof 
Islands and migrate through the Gulf of Alaska to feeding areas primarily off the coasts of B.C., 
Washington, Oregon, and California before migrating north again to the rookeries in spring (Ream et al. 
2005; Pelland et al. 2014). Males usually migrate only as far south as the Gulf of Alaska (Kajimura 1984). 
Ream et al. (2005) showed that migrating females moved over the continental shelf as they migrated 
southeasterly. Instead of following depth contours, their travel corresponded with movements of the Alaska 
Gyre and the North Pacific Current (Ream et al. 2005). Their foraging areas were associated with eddies, 
the subarctic-subtropical transition region, and coastal mixing (Ream et al. 2005; Alford et al. 2005). Some 
juveniles and non-pregnant females may remain in the Gulf of Alaska throughout the summer (Calkins 
1986). The northern fur seals spends ~90% of its time at sea, typically in areas of upwelling along the 
continental slopes and over seamounts (Gentry 1981). The remainder of its life is spent on or near rookery 
islands or haulouts. Pups from the California stock also migrate to Washington, Oregon, and northern 
California after weaning (Lea et al. 2009). 

Northern fur seals were seen throughout the North Pacific during surveys conducted during 
1987–1990, including off Vancouver Island and in the western Gulf of Alaska (Buckland et al. 1993). 
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Tagged adult fur seals were tracked from the Pribilof Islands to the waters off Washington/Oregon/ 
California, with recorded movement throughout the proposed project area (Pelland et al. 2014). Tracked 
adult male fur seals that were tagged on St. Paul Island in the Bering Sea in October 2009, wintered in the 
Bering Sea or northern North Pacific Ocean; females migrated to the Gulf of Alaska and the California 
Current, including off the west coasts of Haida Gwaii and Vancouver Island (Sterling et al. 2014). Some 
individuals reach California by December, after which time numbers increase off the west coast of North 
America (Ford 2014).  The peak density shift over the course of the winter and spring, with peak densities 
occurring in California in February, April off Oregon and Washington, and May off B.C. and Southeast 
Alaska (Ford 2014). The use of continental shelf and slope waters of B.C. and the northwestern U.S. by 
adult females during winter is well documented from pelagic sealing data (Bigg 1990). 

Bonnell et al. (1992) noted the presence of northern fur seals year-round off Oregon/Washington, 
with the greatest numbers (87%) occurring in January–May. Northern fur seals were seen as far out from 
the coast as 185 km, and numbers increased with distance from land; they were 5–6 times more abundant 
in offshore waters than over the shelf or slope (Bonnell et al. 1992). The highest densities were seen in the 
Columbia River plume (~46°N) and in deep offshore waters (>2000 m) off central and southern Oregon 
(Bonnell et al. 1992). The waters off Washington are a known foraging area for adult females, and 
concentrations of fur seals were also reported to occur near Cape Blanco, Oregon, at ~42.8N 
(Pelland et al. 2014).  

Off B.C., females and subadult males are typically found during the winter off the continental shelf 
(Bigg 1990). They start arriving from Alaska during December and most will leave the B.C. waters by July 
(Ford 2014). Tagged adult female fur seals were shown to concentrate their habitat utilization within 
200 km of the shelf break along the west coast of North America; several traveled through the proposed 
survey area off western Vancouver Island (Pelland et al. 2014). Ford (2014) also reported the occurrence 
of northern fur seals throughout B.C. waters, including Dixon Entrance, Hecate Strait, Queen Charlotte 
Sound, and off the west coasts of Haida Gwaii and Vancouver Island, with concentrations over the shelf 
and slope, especially on La Pérouse Bank, southwestern Vancouver Island. A few animals are seen in 
inshore waters in B.C., and individuals occasionally come ashore, usually at sea lion haulouts (e.g., Race 
Rocks, off southern Vancouver Island) during winter and spring (Baird and Hanson 1997). Approximately 
125,000 fur seals occur in B.C. over the winter and spring (Ford 2014). Although fur seals sometimes haul 
out in B.C., there are no breeding rookeries. 

Northern fur seals could be observed in the proposed survey area, in particular females and juveniles. 
However, adult males are generally ashore during the reproductive season from May–August, and adult 
females are generally ashore from June through November. 

3.3.3.3 Northern Elephant Seal (Mirounga angustirostris) 

The northern elephant seal breeds in California and Baja California, primarily on offshore islands, 
from Cedros off the west coast of Baja California, north to the Farallons in Central California 
(Stewart et al. 1994). Adult elephant seals engage in two long northward migrations per year, one following 
the breeding season, and another following the annual molt (Stewart and DeLong 1995).  Between the two 
foraging periods, they return to land to molt, with females returning earlier than males (March–April vs. 
July–August). After the molt, adults then return to their northern feeding areas until the next winter 
breeding season. Breeding occurs from December–March (Stewart and Huber 1993). Females arrive in 
late December or January and give birth within ~1 week of their arrival. Juvenile elephant seals typically 
leave the rookeries in April or May and head north, traveling an average of 900–1000 km.  Hindell (2009) 
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noted that traveling likely takes place at depths >200 m. Most elephant seals return to their natal rookeries 
when they start breeding (Huber et al. 1991).  

When not at their breeding rookeries, adults feed at sea far from the rookeries. Adult females and 
juveniles forage in the California current off California to B.C. (Le Boeuf et al. 1986, 1993, 2000). 
Bonnell et al. (1992) reported that northern elephant seals were distributed equally in shelf, slope, and 
offshore waters during surveys conducted off Oregon and Washington, as far as 150 km from shore, in 
waters >2000 m deep. Telemetry data indicate that they range much farther offshore than that (Stewart and 
DeLong 1995). Males may feed as far north as the eastern Aleutian Islands and the Gulf of Alaska, whereas 
females feed south of 45ºN (Le Boeuf et al. 1993; Stewart and Huber 1993). Adult male elephant seals 
migrate north via the California current to the Gulf of Alaska during foraging trips, and could potentially 
be passing through the area off Washington in May and August (migrating to and from molting periods) 
and November and February (migrating to and from breeding periods), but likely their presence there is 
transient and short-lived. Most elephant seal sightings at sea off Washington were made during June, July, 
and September; off Oregon, sightings were recorded from November through May (Bonnell et al. 1992). 
Northern elephant seal pups have been sighted at haulouts in the inland waters of Washington State 
(Jeffries et al. 2000), and at least three were reported to have been born there (Hayward 2003). Pupping 
has also been observed at Shell Island (~43.3°N) off southern Oregon, suggesting a range expansion 
(Bonnell et al. 1992; Hodder et al. 1998).  

Race Rocks Ecological Reserve, located off southern Vancouver Island, is one of the few spots in 
B.C. where elephant seals regularly haul out. Based on their size and general appearance, most animals 
using Race Rocks are adult females or subadults, although a few adult males also haul out there. Use of 
Race Rocks by northern elephant seals has increased substantially in recent years, most likely as a result of 
the species’ dramatic recovery from near extinction in the early 20th century and its tendency to be highly 
migratory. A peak number (22) of adults and subadults were observed in spring 2003 (Demarchi and 
Bentley 2004); pups have also been born there primarily during December and January (Ford 2014).  Haul 
outs can also be found on the western and northeastern coasts of Haida Gwaii, and along the coasts of 
Vancouver Island (Ford 2014). Juveniles are sometimes seen molting on beaches along the coast of B.C. 
from December–May, but sometimes also in summer and autumn (Ford 2014). One northern elephant seal 
was sighted during the 2009 ETOMO survey west of the proposed survey area (Holst 2017). This species 
could be encountered during the proposed seismic survey. 

3.3.3.4 Harbor Seal (Phoca vitulina richardsi) 

Two subspecies of harbor seal occur in the Pacific: P.v. stejnegeri in the northwest Pacific Ocean 
and P.v. richardsi in the eastern Pacific Ocean. P.v. richardsi occurs in nearshore, coastal, and estuarine 
areas ranging from Baja California, Mexico, north to the Pribilof Islands in Alaska (Carretta et al. 2019). 
Five stocks of harbor seals are recognized along the U.S. west coast: (1) Southern Puget Sound, (2) 
Washington Northern Inland Waters Stock, (3) Hood Canal, (4) Oregon/Washington Coast, and (5) 
California (Carretta et al. 2019).  The Oregon/Washington stock occurs in the proposed survey area. 

Harbor seals inhabit estuarine and coastal waters, hauling out on rocks, reefs, beaches, and glacial 
ice flows. They are generally non-migratory, but move locally with the tides, weather, season, food 
availability, and reproduction (Scheffer and Slipp 1944; Fisher 1952; Bigg 1969, 1981). Female harbor 
seals give birth to a single pup while hauled out on shore or on glacial ice flows; pups are born from May 
to mid-July. When molting, which occurs primarily in late August, seals spend the majority of the time 
hauled out on shore, glacial ice, or other substrates. Juvenile harbor seals can travel significant distances 
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(525 km) to forage or disperse (Lowry et al. 2001). The smaller home range used by adults is suggestive 
of a strong site fidelity (Pitcher and Calkins 1979; Pitcher and McAllister 1981; Lowry et al. 2001).    

Harbor seals haul out on rocks, reefs, and beaches along the U.S. west coast (Carretta et al. 2019). 
Jeffries et al. (2000) documented several harbor seal rookeries and haulouts along the Washington coastline; 
it is the only pinniped species that breeds in Washington. Pupping in Oregon and Washington occurs from 
April–July (Brown 1988). Bonnell et al. (1992) noted that most harbor seals sighted off Oregon and 
Washington were 20 km from shore, with the farthest sighting 92 km from the coast. Menza et al. (2016) 
also showed the highest predicted densities nearshore. During surveys off the Oregon and Washington 
coasts, 88% of at-sea harbor seals occurred over shelf waters <200 m deep, with a few sightings near the 
2000-m contour, and only one sighting over deeper water (Bonnell et al. 1992). Most (68%) at-sea sightings 
were recorded in September and November (Bonnell et al. 1992). Harbor seals were only seen in nearshore 
areas during surveys on the shelf and slope in 2011 and 2012 (Adams et al. 2014). Twelve sightings 
occurred in nearshore waters from R/V Northern Light during a survey off southern Washington during 
July 2012 (RPS 2012a). Harbor seals were also taken as bycatch east of southern Oregon in the west coast 
groundfish fishery during 2002–2009 (Jannot et al. 2011).  

Williams and Thomas (2007) noted an abundance estimate of 19,400 harbor seals for the inshore 
coastal waters of B.C. based on surveys in 2004 and 2005. Best et al. (2015) provided an abundance 
estimate of 24,916 seals based on coastal surveys during 2004–2008. The total population in B.C. was 
estimated at ~105,000 in 2008 (Ford 2014). Harbor seals occur along all coastal areas of B.C., including 
the western coast of Vancouver Island, with the highest concentration in the Strait of Georgia (13.1 seals 
per kilometre of coast); average densities elsewhere are 2.6 seals per kilometre (Ford 2014).  Almost 1400 
haul outs have been reported for B.C., many of them in the Strait of Georgia (Ford 2014). Given their 
preference for coastal waters, harbor seals could be encountered in the easternmost parts of the proposed 
project area. 

3.3.3.5 Steller Sea Lion (Eumetopias jubatus) 

The Steller sea lion occurs along the North Pacific Rim from northern Japan to California 
(Loughlin et al. 1984). It is distributed around the coasts to the outer shelf from northern Japan through the 
Kuril Islands and Okhotsk Sea, through the Aleutian Islands, central Bering Sea, southern Alaska, and south 
to California (NOAA 2019f). There are two stocks, or DPSs, of Steller sea lions – the Western and Eastern 
DPSs, which are divided at 144W longitude (Muto et al. 2019). The Western DPS is listed as endangered 
and includes animals that occur in Japan and Russia (Muto et al. 2019); the Eastern DPS was delisted from 
threatened in 2013 (NMFS 2013a). Only individuals from the Eastern DPS could occur in the proposed 
survey area.  

Steller sea lions typically inhabit waters from the coast to the outer continental shelf and slope 
throughout their range; they are not considered migratory, although foraging animals can travel long 
distances (Loughlin et al. 2003; Raum-Suryan et al. 2002).  Rookeries of Steller sea lions from the Eastern 
DPS are located in southeast Alaska, B.C., Oregon, and California; there are no rookeries in Washington 
(NMFS 2013a; Muto et al. 2019). Breeding adults occupy rookeries from late-May to early-July 
(NMFS 2008a). 

Non-breeding adults use haulouts or occupy sites at the periphery of rookeries during the breeding 
season (NMFS 2008a). Pupping occurs from mid-May to mid-July (Pitcher and Calkins 1981) and peaks 
in June (Pitcher et al. 2002). Territorial males fast and remain on land during the breeding season 
(NMFS 2008a). Females with pups generally stay within 30 km of the rookeries in shallow (30–120 m) 
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water when feeding (NMFS 2008a). Tagged juvenile sea lions showed localized movements near shore 
(Briggs et al. 2005). Loughlin et al. (2003) reported that most (88%) at-sea movements of juvenile Steller 
sea lions in the Aleutian Islands were short (<15 km) foraging trips. The mean distance of juvenile sea lion 
trips at sea was 16.6 km, and the maximum trip distance recorded was 447 km. Long-range trips represented 
6% of all trips at sea, and trip distance and duration increase with age (Loughlin et al. 2003; 
Call et al. 2007). Although Steller sea lions are not considered migratory, foraging animals can travel long 
distances outside of the breeding season (Loughlin et al. 2003; Raum-Suryan et al. 2002). During the 
summer, they mostly forage within 60 km from the coast; during winter, they can range up to 200 km from 
shore (Ford 2014). 

During surveys off the coasts of Oregon and Washington, Bonnell et al. (1992) noted that 89% of 
sea lions occurred over the shelf at a mean distance of 21 km from the coast and near or in waters <200 m 
deep; the farthest sighting occurred ~40 km from shore, and the deepest sighting location was 1611 m deep. 
Sightings were made along the 200-m depth contour throughout the year (Bonnell et al. 1992). During 
aerial surveys over the shelf and slope off Oregon and Washington, one Steller sea lion was seen on the 
Oregon shelf during January 2011, and two sightings totaling eight individuals were made on September 
2012 off southern Oregon (Adams et al. 2014). During a survey off Washington/Oregon June–July 2012, 
two Steller sea lions were seen from R/V Langseth (RPS 2012b) off southern Oregon. Eight sightings of 
11 individuals were made from R//V Northern Light during a survey off southern Washington during July 
2012 (RPS 2012a). Steller sea lions were also taken as bycatch off southern Oregon in the west coast 
groundfish fishery during 2002–2009 (Jannot et al. 2011).  

In B.C., there are six main rookeries, which are situated at the Scott Islands off northwestern 
Vancouver Island, the Kerouard Islands near Cape St. James at the southern end of Haida Gwaii, North 
Danger Rocks in eastern Hecate Strait, Virgin Rocks in eastern Queen Charlotte Sound, Garcin Rocks off 
southeastern Moresby Island in Haida Gwaii, and Gosling Rocks on the central mainland coast (Ford 2014). 
The Scott Islands and Cape St. James rookeries are the two largest breeding sites with 4000 and 850 pups 
born in 2010, respectively (Ford 2014). Some adults and juveniles are also found on sites known as 
year-round haulouts during the breeding season. Haul outs are located along the coasts of Haida Gwaii, the 
central and northern mainland coast, the west coast of Vancouver Island, and the Strait of Georgia; some 
are year-round sites whereas others are only winter haul outs (Ford 2014). Pitcher et al. (2007) reported 24 
major haulout sites (>50 sea lions) in B.C., but there are currently around 30 (Ford 2014). The total pup 
and non-pup count of Steller sea lions in B.C. in 2002 was 15,438; this represents a minimum population 
estimate (Pitcher et al. 2007). The highest pup counts in B.C. occur in July (Bigg 1988). Steller sea lions 
could be encountered in the proposed project areas, especially in the waters closer to shore. 

3.3.3.6 California Sea Lion (Zalophus californianus) 

The primary range of the California sea lion includes the coastal areas and offshore islands of the 
eastern North Pacific Ocean from B.C. to central Mexico, including the Gulf of California 
(Jefferson et al. 2015). However, its distribution is expanding (Jefferson et al. 2015), and its secondary 
range extends into the Gulf of Alaska (Maniscalco et al. 2004) and southern Mexico (Gallo-Reynoso and 
Solórzano-Velasco 1991), where it is occasionally recorded. 

California sea lion rookeries are on islands located in southern California, western Baja California, 
and the Gulf of California (Carretta et al. 2019). Five genetically distinct geographic populations have been 
identified: (1) Pacific Temperate (includes rookeries in U.S. waters and the Coronados Islands to the south), 
(2) Pacific Subtropical, (3) Southern Gulf of California, (4) Central Gulf of California, and (5) Northern 
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Gulf of California (Schramm et al. 2009). Animals from the Pacific Temperate population occur in the 
proposed project area.  

In California and Baja California, births occur on land from mid-May to late-June. During August 
and September, after the mating season, the adult males migrate northward to feeding areas as far north as 
Washington (Puget Sound) and B.C. (Lowry et al. 1992). They remain there until spring (March–May), 
when they migrate back to the breeding colonies (Lowry et al. 1992; Weise et al. 2006). The distribution 
of immature California sea lions is less well known but some make northward migrations that are shorter 
in length than the migrations of adult males (Huber 1991). However, most immature seals are presumed to 
remain near the rookeries for most of the year, as are females and pups (Lowry et al. 1992).  

California sea lions are coastal animals that often haul out on shore throughout the year, but peak 
numbers off Oregon and Washington occur during the fall (Bonnell et al. 1992).  During aerial surveys off 
the coasts of Oregon and Washington during 1989–1990, California sea lions were sighted at sea during 
the fall and winter, but no sightings were made during June–August (Bonnell et al. 1992). Numbers off 
Oregon decrease during winter, as animals travel further north (Mate 1975 in Bonnell et al. 1992). 
King (1983) noted that sea lions are rarely found more than 16 km offshore. During fall and winter surveys 
off Oregon and Washington, mean distance from shore was ~13 km and most were observed in water 
<200 m deep; however, sightings were made in water as deep as 356 m (Bonnell et al. 1992). 
Weise et al. (2006) reported that males normally forage almost exclusively over the continental shelf, but 
during anomalous climatic conditions they can forage farther out to sea (up to 450 km offshore).  

During aerial surveys over the shelf and slope off Oregon and Washington (Adams et al. 2014), 
California sea lions were seen during all survey months (January–February, June–July, 
September–October). Although most sightings occurred on the shelf, during February 2012, one sighting 
was made near the 2000-m depth contour, and during June 2011 and July 2012, sightings were made along 
the 200-m isobath off southern Oregon (Adams et al. 2014). During October 2011, sightings were made 
off the Columbia River estuary near the 200-m isopleth and on the southern Oregon shelf; during 
September 2012, sightings occurred in nearshore waters off Washington and in shelf waters along the coast 
of Oregon (Adams et al. 2014). Adams et al. (2014) reported sightings more than 60 km off the coast of 
Oregon. California sea lions were also taken as bycatch off Washington and Oregon in the west coast 
groundfish fishery during 2002–2009 (Jannot et al. 2011).  

California sea lions used to be rare in B.C., but their numbers have increased substantially during the 
1970s and 1980s (Ford 2014). Wintering California sea lion numbers have increased off southern 
Vancouver Island since the 1970s, likely as a result of the increasing California breeding population 
(Olesiuk and Bigg 1984). Several thousand occur in the waters of B.C. from fall to spring (Ford 2014). 
Adult and subadult male California sea lions are mainly seen in B.C. during the winter (Olesiuk and 
Bigg 1984). They are mostly seen off the west coast of Vancouver Island and in the Strait of Georgia, but 
they are also known to haul out along the coasts of Haida Gwaii, including Dixon Entrance, and the 
mainland (Ford 2014).  California sea lions could be encountered in the proposed project area. 

3.3.4 Fissiped 

3.3.4.1 Northern Sea Otter (Enhydra lutris kenyoni) 

The northern sea otter can be found along the coast of North America from Alaska to Washington. 
Sea otters generally occur in shallow (<35 m), nearshore waters in areas with sandy or rocky bottoms, where 
they feed on a wide variety of sessile and slow-moving benthic invertebrates (Rotterman and Simon-
Jackson 1988). Sea otters are generally not migratory and do not disperse over long distances; however, 
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individual sea otters are capable of travelling in excess of 100 km (Garshelis and Garshelis 1984), although 
movements are likely limited by geographic barriers, high energy requirements of animals, and social 
behavior. Before commercial exploitation, the worldwide population of sea otters was estimated to be 
between 150,000 (Kenyon 1969) and 300,000 (Johnson 1982). Commercial exploitation reduced the total 
sea otter population to as low as 2000 in 13 locations (Kenyon 1969). In 1911, sea otters received protection 
under the North Pacific Fur Seal Convention, and populations recovered quickly (Kenyon 1969). The world 
sea otter population is currently estimated at ~150,000 (Davis et al. 2019). 

Sea otters were translocated from Alaska to shallow coastal waters off the Olympic Peninsula of 
Washington; the population has increased from 59 reintroduced individuals in 1969–1970 to ~2058 in 2017 
(Sato et al. 2018). The population ranges from Pillar Point in the Strait of Juan de Fuca to Cape Flattery, 
and south to Point Grenville (USFWS 2018). Although sea otters were also reintroduced to Oregon in the 
1970s, the reintroduction was not successful (McAllister 2018). Sightings in Oregon are extralimital 
(Jeffries et al. 2019), and there is no resident sea otter population along the Oregon coast (Kone 
2019). Nonetheless, at times sea otters are reported as far south as Newport, Depoe Bay, Yaquina Head, 
Cape Blanco, and Cape Arago, and Yaquina Head (USFWS 2018; Elakha Alliance 2020). 

Sea otters occur in coastal areas of Washington typically in shallow (<30 m depth) water less than 
4 km from shore (Laidre et al. 2009).  

Sea otters were also translocated from Alaska to B.C. (Bigg and MacAskie 1978). In 2013, the B.C. 
population was estimated to number at least 6754 individuals (DFO 2015a; Nichol et al. 2015). In B.C., sea 
otters regularly occur off northern and western Vancouver Island, and along the central mainland coast 
(Ford 2014; DFO 2015a; Nichol et al. 2015). Although most individuals occur north of Clayoquot Sound 
(Nichol et al. 2015), some animals occur in Barkley Sound and in the Strait of Juan de Fuca to Victoria 
(Ford 2014). There is some limited interchange between sea otter populations in Washington and B.C. 
(USWFS 2018). Given that the survey is proposed to occur in water >60 m, sea otters are not expected to 
occur within the harassment zone of the airgun array 

3.4 Sea Turtles 

Four species of sea turtles have been reported in the waters of B.C., Washington, and Oregon: the 
leatherback (Dermochelys coriacea), green (Chelonia mydas), loggerhead (Caretta caretta) and olive ridley 
(Lepidochelys olivacea) turtles (McAlpine et al. 2004; CBC 2011a,b; Halpin et al. 2018). Reports of 
leatherbacks are numerous, and green turtles have been seen occasionally in the survey area compared to 
occurrences of loggerhead and olive ridley turtles, which are rare. In B.C., there is a single record for the 
loggerhead (Halpin et al. 2018) and four records of olive ridley turtles, with the most recent one reported 
on 30 September 2019 (The Marine Detective 2019). The loggerhead was spotted ~45 n.mi. west of Tofino 
in February 2015.  

All four species of turtles have also been documented off the coasts of Oregon and Washington 
(Buchanan et al. 2001; Dutton et al. 2009). However, green, loggerhead, and olive ridley sea turtles are 
considered accidental in Oregon (ODFW 2013). For Oregon, there are two occurrences of loggerheads 
from 2007–2017, and at least seven occurrences of olive ridleys from 2010–2018 (Oregonian 2012; Oregon 
Coast Aquarium 2019). Strandings have increased in recent years, particularly for olive ridley sea turtles, 
possibly due to warmer ocean conditions or El Niño (Boyer 2017). For Washington, there are eight records 
of loggerhead turtles from 1980–2017 (the most recent occurrence was November 2010; Sato 2017a) and 
few records of olive ridleys (e.g., Richardson 1997; Komo News 2015; Seattle Times 2017). However, the 
loggerhead and olive ridley turtles are generally warm-water species and are considered extralimital 
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occurrences in these areas (Buchanan et al. 2001) and are not discussed further here. Thus, only leatherback 
turtles are likely to occur in the survey area, and green turtles could potentially occur there.  

Under the ESA, the leatherback turtle and the North Pacific Ocean DPS of the loggerhead turtle are 
listed as endangered, the olive ridley population on the Pacific coast of Mexico is listed as endangered 
whereas other populations are listed as threatened, and the East Pacific DPS of the green turtle is listed as 
threatened. The leatherback turtle is also listed as endangered under SARA; the other turtle species are not 
listed. General information on the taxonomy, ecology, distribution and movements, and acoustic 
capabilities of sea turtles are given in § 3.4.1 of the PEIS. General distribution of sea turtles off B.C. and 
just south of the survey area off California are discussed in § 3.4.3.2 and 3.4.2.3 of the PEIS, respectively. 
The rest of this section deals specifically with their distribution within the proposed survey area in the 
Northeast Pacific Ocean. 

3.4.1 Leatherback Turtle (Dermochelys coriacea) 
The leatherback is the largest and most widely distributed sea turtle, ranging far from its tropical and 

subtropical breeding grounds to feed (Plotkin 2003). There have been significant declines and some 
extirpations of nesting populations in the Pacific (Spotila et al. 2000; Dutton et al. 2007). Leatherback 
turtles in the Pacific are divided into two genetically distinct stocks: the East Pacific stock nests at rookeries 
along the west coast of the Americas from Mexico to Ecuador; and the West Pacific stock nests at rookeries 
in Papua, Indonesia; Papua New Guinea; and the Solomon Islands (Dutton 2006; Wallace and 
Hutchinson 2016). The beaches of Birdshead Peninsula in Papua are the largest remaining nesting sites for 
leatherbacks in the Pacific Ocean (Dutton et al. 2007; Hitipeuw et al. 2007; Benson et al. 2008). Turtles 
that hatch during the boreal summer in the western Pacific feed and grow in the northern Pacific, including 
along the west coast of North America (Dutton 2006; Dutton et al. 2009; Benson 2012; Bailey et al. 2012a; 
Wallace and Hutchinson 2016). The West Pacific subpopulation has declined by 83% over the past three 
generations and continues to be threatened by human exploitation of females and eggs, low hatching 
success, fisheries bycatch, low foraging success, and plastic ingestion (Bailey et al. 2012b; Gregr et 
al. 2015; Wallace and Hutchinson 2016). Nesting beaches in the western Pacific have been estimated to 
have 2700–4500 breeding females (NMFS and USFWS 2013).  

The leatherback turtle is the most widely distributed sea turtle, occurring from 71°N to 47°S 
(Eckert et al. 2012). During the non-breeding season, it ranges far from its tropical and subtropical nesting 
grounds, which are located between 38°N and 34°S (Dutton et al. 2009; Eckert et al. 2012). Leatherbacks 
feed exclusively on gelatinous zooplankton (Fossette et al. 2010, 2012; Dodge et al. 2011; Heaslip et 
al. 2012) and their presence has been associated with oceanic front systems, such as shelf breaks and the 
edges of oceanic gyre systems where their prey is concentrated (Morreale et al. 1994; Eckert 1995; 
Lutcavage 1996; Benson et al. 2011).  

Adult leatherbacks appear to migrate along bathymetric contours from 200–3500 m (Morreale et 
al. 1994). Adults spend the majority of their time in water >1000 m deep and possibly swim more than 
10,000 km each year (Eckert 1995). They appear to use the Kuroshio Extension during migrations from 
Indonesia to the high seas and eastern Pacific (Benson et al. 2008). Hatchling leatherbacks are pelagic, but 
nothing is known about their distribution for the first four years (Musick and Limpus 1997). Leatherback 
turtles undertake long migrations from the western, central, or South Pacific toward the California Current 
LME (Block et al. 2011; Bailey et al. 2012a,b). Frair et al. (1972) and Greer et al. (1973) reported that 
leatherback turtles have evolved physiological and anatomical adaptations to cold water, allowing them to 
venture into higher latitudes than other species of turtle. 
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Leatherbacks forage in pelagic and nearshore waters off the coasts of Washington, Oregon and 
California during the summer and fall when brown sea nettles (Chrysaora fuscescens) and moon jellies 
(Aurelia labiata) aggregate (Sato 2017b).  Benson et al. (2011) identified the Columbia River Plume as an 
important foraging area off southern Washington/northern Oregon. Leatherback turtles satellite-tagged at 
western Pacific nesting beaches were observed to arrive along the coasts of California to Washington during 
April–July, and foraging behavior was recorded through late November (Benson et al. 2011). In 
Washington, 78 occurrences of leatherbacks were documented during 1975–2013 from the mouth of the 
Columbia River north to Cape Flattery; 70 occurrences occurred during July–October (Sato 2017b). Aerial 
surveys of California/Oregon/Washington waters suggest that most leatherbacks occur in continental slope 
waters and fewer occur over the continental shelf. Sightings off Oregon/Washington have been made 
8–149 km offshore (Green et al. 1992, 1993; Bowlby et al. 1994; Buchanan et al. 2001). Bowlby et 
al. (1994) noted that most sightings (13 of 19) during their surveys occurred in waters 200–2000 m deep, 
with one sighting in waters >2000 m deep.  

In B.C., leatherbacks are considered an “uncommon seasonal resident” (McAlpine et al. 2004), and 
the size of the population that forages there seasonally is not known (COSEWIC 2012). Leatherbacks have 
been sighted off B.C. in all months except December and January, with a peak during late spring to early-fall 
when sea surface temperatures are highest (MacAskie and Forrester 1962; Spaven et al. 2009). Sightings 
of leatherbacks have been made throughout the waters of B.C., including offshore of Vancouver Island 
(McAlpine et al. 2004; Pacific leatherback Turtle Recovery Team 2006; Spaven et al. 2009; Holst 2017; 
CBC 2018b). Seventy-seven of the 118 sightings summarized by Spaven et al (2009) occurred along the 
south coast of B.C.; most of these overlap with the proposed survey area and were recorded during 
July–September. The majority of sightings in B.C. have been made in coastal waters, although turtles have 
also been sighted farther offshore in water >2000 m deep (Spaven et al. 2009; Holst 2017). In the absence 
of direct observations of leatherback foraging in Pacific Canadian waters, critical feeding habitat along the 
Pacific coast of Canada was modelled based on habitat preferences inferred from limited sightings data and 
was predicted to predominantly occur along the west coast of Vancouver Island (Gregr et al. 2015). 
Leatherback turtles could be encountered in the proposed project area. 

3.4.2 Green Turtle (Chelonia mydas) 
The green turtle is widely distributed in tropical, subtropical, and to a lesser extent, temperate waters, 

where it often occurs along continental coasts and around islands (SWOT 2011; Seminoff et al. 2015). 
Green turtles typically migrate along coastal routes from rookeries to feeding grounds, although some 
populations conduct trans-oceanic migrations (SWOT 2011). Hatchlings are epipelagic (surface dwelling 
in the open sea) for ~1–3 years. Subsequently, they live in bays and along protected shorelines and feed 
during the day on seagrass and algae (Bjorndal 1982). Juvenile and sub-adult green turtles may travel 
thousands of kilometers before they return to breeding and nesting grounds (Carr et al. 1978). Though 
primarily known to forage in coastal areas, adult green turtles have also been recorded feeding in oceanic 
waters (Hatase et al. 2006). 

Movement of green turtles across the Pacific appears to be restricted by the East Pacific Barrier; thus 
only turtles from the East Pacific DPS are expected to occur in the eastern Pacific (Seminoff et al. 2015). 
The East Pacific DPS is estimated at 20,062 nesting females, ~58% of which nest in Michoacán, Mexico, 
and the population is likely to increase (Seminoff et al. 2015). Nesting occurs in Michoacán from 
August–January, with a peak in October–November (Alvarado and Figueroa 1995).  

Stinson (1984) reviewed sea turtle sighting records from northern Baja California to Alaska, and 
reported only three sightings each of green turtles for Oregon, Washington, and B.C., and two sightings for 
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Alaska; most sightings occurred in California (78%). Green turtles are considered rare in Washington, 
where 28 occurrences, mostly strandings, were documented between 1950 and 2017; the most recent 
occurrence was in November 2010 (Sato 2017a). There are at least three occurrences for Oregon from 
2010–2017 (Oregonian 2012; Oregon Coast Aquarium 2019).  

Green turtles are also considered rare vagrants in B.C. waters (McAlpine et al. 2004).  Most records 
of green turtles in B.C. have been of stranded carcasses, often relatively fresh, discovered from 
November–January (McAlpine et al. 2004). Two of the six records listed in McAlpine et al. (2004) occurred 
in the study area off the coast of Vancouver Island. Three live green turtles have recently washed ashore 
on Vancouver Island, all in the vicinity of the study area (CBC 2011b, 2016). A questionnaire that was 
sent out to commercial fisherman in 2003 reported 14 sightings of green turtles for B.C. (Spaven 2009). It 
is possible although unlikely that a green turtle would be encountered in the proposed project area. 

3.5 Seabirds 

Four seabird species that are listed as threatened or endangered under the ESA or SARA could occur 
in or near the proposed survey area. The short-tailed albatross (Phoebastria albatrus) is listed as 
endangered under the ESA and SARA, the Hawaiian petrel (Phoebastria albatrus) is listed as endangered 
under the ESA (no SARA listing), the pink-footed shearwater (Puffinus creatopus) is listed as endangered 
under SARA (no ESA listing), and the marbled murrelet (Brachyramphus marmoratus) is listed as 
threatened under the ESA and SARA. Critical habitat has been designated for the marbled murrelet in 
Canada and in the US from Washington to California. An additional ESA-listed species, the western snowy 
plover (Charadrius nivosus nivosus), would be present on shorelines adjacent to proposed survey area, but 
does not occur in pelagic habitats, so it is not discussed further.  

In addition to the above species, there are six species listed as special concern under SARA which 
may be encountered in the survey area. These include the offshore black-footed albatross (Phoebastria 
nigripes), Cassin’s auklet (Ptychoramphus aleuticus), ancient murrelet (Synthliboramphus antiquus), 
nearshore horned grebe (Podiceps auratus), and western grebe (Aechmophorus occidentalis); and the 
red-necked phalarope (Phalaropus lobatus) which occurs in offshore as well as nearshore locations. In 
addition, both the horned puffin (Fratercula corniculate) and common murre (Uria aalge) are considered 
candidates for endangered or threatened status in B.C. (B.C. CDC 2019) and could also occur within the 
survey area. 

3.5.1 Short-tailed Albatross 
Historically, millions of short-tailed albatrosses bred in the western North Pacific on islands off the 

coast of Japan (USFWS 2008). This species was the most abundant albatross in the North Pacific. 
However, the entire global population was nearly wiped out during the last century by feather hunters at 
Japanese breeding colonies. In addition to hunting pressures, the breeding grounds of the remaining birds 
were threatened by volcanic eruptions in the 1930s. This species was believed to be extinct by 1949; 
however, breeding was detected in 1950 and 1951, aided by pelagic-dwelling maturing birds which escaped 
the slaughter (USFWS 2008; BirdLife International 2019a).  Due to conservation and management actions 
the population is increasing; the most recent population estimate is 4200 individuals (Birdlife 
International 2019a). Current threats to this population include volcanic activity on Torishima, commercial 
fisheries, and pollutants (USFWS 2008). Interactions with vessels in the eastern Pacific have been noted. 
Incidental take due to commercial fisheries has been documented, with one short-tailed albatross taken as 
bycatch off Oregon during the sablefish demersal fishery in 2011 (USFWS 2017), and 11 mortalities 
between 1995 and 2015 in the Alaska hook-and-line groundfish fishery (NMFS 2015b; USFWS 2017). 
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Currently, nearly all short-tailed albatrosses breed on two islands off the coast of Japan: Torishima 
and Minami-kojima (USFWS 2008; BirdLife International 2019a). Single nests have been found in recent 
years on other islands, including Kita-Kojima, Senkaku; Yomejima Island; and Midway Island, Hawaii; 
however, nesting attempts in Hawaii have not been successful (USFWS 2008). During the breeding season 
(December–May), the highest densities are found around Japan (BirdLife International 2019a), with 
albatross being seen as far south (23°N) as the Northwestern Hawaiian Islands between November and 
April (USFWS 2008).  

During the non-breeding season, short-tailed albatross roam much of the North Pacific Ocean; 
females spend more time offshore from Japan and Russia, whereas males and juveniles spend more time 
around the Aleutian Islands and Bering Sea (Suryan et al. 2007). Post-breeding dispersal occurs from April 
through August (USFWS 2008). After leaving the breeding areas, short-tailed albatrosses seem to spend 
the majority of time within the EEZs of Japan, Russia, and the U.S., primarily in the Aleutian Islands and 
Bering Sea (Suryan et al. 2007). They are considered a continental shelf-edge specialist (Piatt et al. 2006). 
Most short-tailed albatross sightings off the Pacific coast of North America (south to California) are 
juveniles and sub-adults (USFWS 2008; O’Connor 2013). Satellite-tracked first- and second-year birds 
were found in Oregon waters most often during winter and spring, possibly in response to ice conditions in 
the Bering Sea (O’Connor 2013). Sightings in the eastern North Pacific are increasing, corresponding with 
global population increases (COSEWIC 2013a). The short-tailed albatross could be encountered in small 
numbers in the proposed project area. 

3.5.2 Hawaiian Petrel 
The Hawaiian petrel has an estimated population size of 6000–11,000 (Birdlife International 2019b). 

Large declines in overall numbers and in the number of breeding colonies appear to pre-date European 
arrival on the Hawaiian Islands, tracing back to animal introductions, habitat modifications, and hunting by 
Polynesians (Simons and Hodges 1998). The population of Hawaiian petrels continues to decline, mainly 
because of predation by introduced vertebrates, including mongooses, cats, and goats, and due to collisions 
and light attraction (USFWS 2005; Raine et al. 2017). 

The Hawaiian petrel is endemic to Hawaii, where it nests at high elevation.  Known nesting habitats 
include lava cavities, burrows on cliff faces or steep slopes, and beneath ferns (USFWS 2005). The majority 
of eggs are laid in May and June, and most young fledge in December (Mitchell et al. 2005). Hawaiian 
petrels can travel up to 1300 km away from colonies during foraging trips; at-sea densities decrease with 
distance from the colony (Spear et al. 1995). Spear et al. (1995) showed the distribution of Hawaiian petrels 
to be concentrated in the southern portion of the Main Hawaiian Islands (below 20°N) during spring and 
autumn. However, in recent years, the Hawaiian petrel has been recognized to be a regularly occurring 
offshore species to the eastern Pacific in waters from southern California to B.C. In California, where 
observer coverage is perhaps highest, there are records from March through September (eBird 2019). There 
are two accepted records of Hawaiian petrel in Washington (September 2008 and May 2014; WBRC 2018) 
and three in B.C. (July 2013, May 2014, and July 2014; BCBRC 2018), although occurrences are likely 
more frequent than observations suggest owing to the minimal observer coverage at the distance from shore 
which these petrels typically frequent. The Hawaiian petrel could be encountered in small numbers in the 
proposed project area, but is more likely to occur along the southern transects. 

3.5.3 Marbled Murrelet 
Marbled murrelets are widespread along the Pacific coast and are generally found in nearshore 

waters, usually within 5 km of shore (Nelson 1997). The population(s) of marbled murrelets in California, 
Oregon, and Washington has declined by nearly 30% from 23,700 individuals in 2000 to 16,700 individuals 
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in 2010 (Miller et al. 2012). The primary reason for declining populations is the fragmentation and 
destruction of old-growth forest nesting habitat. Marbled murrelets are also threatened by gillnet fishing, 
nest predation, and oil spills.  

Nesting critical habitat for marbled murrelets consists of forest stands containing large trees with 
potential nest platforms (including large branches, deformities, mistletoe infestations) at least 10 m in 
height; high canopy cover is also important for nesting murrelets (USFWS 2016b). Although terrestrial 
critical habitat has been identified in B.C., Washington, and Oregon, no critical marine habitat has been 
designated for marbled murrelets to date, although it could be identified in B.C. in the future (B.C. 
Government 2018). Marbled murrelet nesting occurs between late March and August, but the birds remain 
in the waters of that region during the non-breeding season. 

Marbled murrelets feed at sea where they forage on small schooling fish and invertebrates in bays 
and fiords and in the open ocean (Nelson 1997). Feeding habitat for marbled murrelets is mostly within 
2 km of shore in waters up to 30 m deep (USFWS 2006). Although they have been observed more than 
40 km from shore in water deeper than 200 m (Adams et al. 2014), the mean offshore distance over a 3-year 
tracking study was 1.4 km (Hébert and Golightly 2008). Marbled murrelets are unlikely to occur in the 
offshore waters of the proposed study area; however, they can be expected on survey transects that approach 
within a few kilometers from shore. 

3.5.4 Pink-footed Shearwater 

The pink-footed shearwater is mostly found in the eastern Pacific from Chile north to Alaska, but 
only breeds on three islands off the coast of Chile (CEC 2005). On the breeding islands of Isla Mocha, 
Robinson Crusoe and Santa Clara, pink-footed shearwater populations have declined due to increased nest 
predation from introduced predators and humans, human disturbance, and habitat degradation (CEC 2005). 
The total global population is estimated at about 28,000 breeding pairs, plus non-breeders (COSEWIC 
2016b), or about 59,000 individuals (BirdLife International 2019c). It has been estimated that up to 20,000 
pink-footed shearwaters use B.C. waters annually (COSEWIC 2016b), a potentially significant portion of 
the total population. 

Pink-footed shearwaters are found in continental shelf (to the 200 m isobath), shelf-break, and 
continental slope (between the 200 and 500 m isobaths) waters of the eastern Pacific (COSEWIC 2016b). 
They occur off the North American coast during the northern spring, summer, and autumn, with birds 
returning southwards in October and November to breed off Chile (CEC 2005). Off the B.C. coast, 
pink-footed shearwaters are regular summer visitors, with numbers peaking in June–October (COSEWIC 
2016b). Pink-footed shearwaters could be encountered within the proposed survey area. 

3.6 Fish and Marine Invertebrates, Essential Fish Habitat, and Habitat Areas of 
Particular Concern 

3.6.1 ESA-Listed Fish Species 

The term “species” under the ESA includes species, subspecies, and, for vertebrates only, DPSs or 
“evolutionarily significant units (ESUs)”; for Pacific salmon, ESUs are essentially equivalent to DPSs for 
the purpose of the ESA. There are several ESA-listed fish species or populations that occur off the coasts 
of Washington/Oregon including the ESUs of chinook (Oncorhynchus tshawytscha), chum (O. keta), coho 
(O. kisutch), and sockeye salmon (O. nerka), and DPSs of steelhead (Oncorhynchus mykiss), bull trout 
(Salvelinus confluentus), bocaccio (Sebastes paucispinis), yellow-eye rockfish (S. ruberrimus), Pacific 
eulachon (Thaleichthys pacificus), and green sturgeon (Acipenser medirostris) (Table 6).  
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III. Affected Environment 

TABLE 6. Fish “species” listed under the ESA that could occur in the proposed survey area off Washington 
and Oregon (NOAA 2019d). 

Species ESU or DPS Status Critical Habitat 
Bocaccio Puget Sound/Georgia Basin DPS Endangered Marine 
Yelloweye Rockfish Puget Sound/Georgia Basin DPS Threatened Marine 
Pacific eulachon/smelt Southern DPS Threatened Freshwater/estuarine 
Green sturgeon Southern DPS Threatened Marine/freshwater/estuarine 
Chinook salmon Sacramento River winter-run ESU Endangered Freshwater 

Upper Columbia River spring-run ESU Endangered Freshwater 
California Coastal ESU Threatened Freshwater 
Central Valley spring-run ESU Threatened Freshwater 
Lower Columbia River ESU Threatened Freshwater 
Puget Sound ESU Threatened Freshwater/marine 
Snake River fall-run ESU Threatened Freshwater 
Snake River spring/summer-run ESU Threatened — 
Upper Willamette River ESU Threatened Freshwater 
Upper Klamath-Trinity River ESU Candidate — 

Chum salmon Columbia River ESU Threatened Freshwater 
Hood Canal summer-run ESU Threatened Freshwater/marine 

Coho salmon Central California Coast ESU Endangered — 
Lower Columbia River ESU Threatened Freshwater 
Oregon Coast ESU Threatened Freshwater 
S. Oregon and N. California coasts ESU Threatened — 

Sockeye salmon Ozette Lake ESU Threatened Freshwater 
Snake River ESU Endangered — 

Steelhead trout Northern California Summer Population DPS Candidate — 
Southern California DPS Endangered Freshwater 
California Central Valley DPS Threatened Freshwater 
Central California Coast DPS Threatened Freshwater 
Northern California DPS Threatened Freshwater 
South-Central California Coast DPS Threatened Freshwater 
Lower Columbia River DPS Threatened Freshwater 
Middle Columbia River DPS Threatened Freshwater 
Puget Sound DPS Threatened Freshwater 
Snake River Basin DPS Threatened Freshwater 
Upper Columbia River DPS Threatened Freshwater 
Upper Willamette River DPS Threatened Freshwater 

Bull trout Coastal-Puget Sound Threatened Freshwater 

Although the threatened giant manta ray (Manta birostris) and oceanic whitetip shark (Carcharhinus 
longimanus), and the endangered Eastern Pacific DPS of scalloped hammerhead shark (Sphyrna lewini) 
occur in the Northeast Pacific Ocean, their most northerly extent is California. No ESA-listed marine 
invertebrate species occur in the proposed survey area. 

3.6.1.1 Salmonids 

Pacific salmon and steelhead trout typically spend the majority of their time in the upper water 
column while at sea (e.g., Daly et al. 2014; PFMC 2014). However, Chinook typically occur at depths 
>30 m from the sea surface (PFMC 2014). The degree to which Pacific salmon and steelhead migrate 
offshore varies considerably among seasons, years, life stages and/or populations, with stronger upwelling 
conditions generally leading to wider dispersal from shore (Pearcy 1992). Tag recoveries from high seas 
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III. Affected Environment 

fisheries indicate that chinook occur beyond the shelf break (Myers et al. 1996). Once coho salmon 
emigrate from freshwater, they spend at least several weeks and up to a summer season in coastal waters 
before migrating north and offshore (PFMC 2014). Tag recoveries from fisheries indicate that coho are 
distributed as far west as 175ºE (Myers et al. 1996).  However, the oceanic distribution of chum salmon is 
likely the broadest of any Pacific salmon species; it occurs throughout the North Pacific Ocean north of 
Oregon/Washington (Neave et al. 1976). Sockeye are thought to follow a similar migration pattern as chum 
once they enter the ocean, moving north and west along the coast before moving offshore (Quinn 2005; 
Byron and Burke 2014). Sockeye primarily occur east of 160ºW and north of 48ºN; most fish likely depart 
offshore waters by early August of their second at-sea year to spawn in their natal rivers (French et 
al. 1976). Steelhead appear to rely on offshore waters for feeding than any other Pacific salmonids, making 
more extensive migrations offshore in their first year (Quinn and Myers 2004). Light et al. (1989) found 
that steelhead is distributed throughout the North Pacific year-round, occurring in higher abundance closer 
to the coasts during spring and winter and being distributed more evenly during summer and autumn.  

The Coastal-Puget Sound DPS of bull trout is the only known anadromous population in U.S. waters, 
occurring throughout Puget Sound and the Olympic Peninsula south to the Quinault River Estuary. Bull 
trout have not been detected to use deep offshore waters or cross deep open-water bodies (e.g., coastal 
cutthroat trout) and appear to occupy marine waters for a shorter period of time than other anadromous 
salmonids (Goetz et al. 2013). Juveniles, sub-adults and adults generally occupy marine waters from early 
spring (March) to summer (late July), but some are known to overwinter in coastal waters. Fish that were 
radio-tagged in Skagit River in March and April 2006 entered Skagit Bay from March to May and returned 
upstream from May to late July (Hayes et al. 2011). Saltwater residency of these fish ranged from 36 to 
133 days (avg. 75 days), and most were detected less than 14 km (avg. 8.5 km) from the Skagit River. 
These bull trout were associated with the shoreline and stayed an average of 0.32 +/- 0.27 km from shore 
and occupied shallow waters <4 m deep. However, Smith and Huff (2020) detected a tagged bull trout up 
to 10 km from shore. Goetz (2016) reported that marine residence averaged 62.8 days (SD=37.6 days) but 
ranged from four days to a maximum of four months. 

3.6.1.2 Bocaccio 

Bocaccio are distributed in coastal waters over rocky bottoms from the Gulf of Alaska to Baja 
California, Mexico down to depths of 478 m, but are most common between 50–250 m (NMFS 2008b). 
Larval and pelagic juvenile bocaccio tend to occur within surficial waters and have been found as far as 
480 km offshore the west coast (NMFS 2014). According to COSEWIC (2013b), here are only two 
demographic clusters of bocaccio, and the B.C. population likely overlaps with U.S. populations centered 
on the central and southern coasts of California Bocaccio are most common from Oregon to California, 
and genetic analysis suggests three population regions including Haida Gwaii, Vancouver Island to Point 
Conception, and southwards of Point Conception (NMFS 2008b). Bocaccio are bycaught in commercial 
groundfish fisheries in B.C., and population biomass has declined by over 90% since the 1950s, and by 
28% since 2002, with no signs of recovery (COSEWIC 2013b).  

3.6.1.3 Yelloweye Rockfish 

Yelloweye rockfish are found in coastal waters from the Alaskan Aleutian Islands down to Baja 
California. They are found in depths ranging from 15–549 m over hard, complex bottoms but are most 
common in waters 91–180 m (COSEWIC 2008; NMFS 2008b). COSEWIC (2008) divided the population 
into two Designatable Units (DUs) of “inside” and “outside” populations. The inside DU includes the Strait 
of Georgia, Johnstone Strait, and the Queen Charlotte Strait, and the outside DU includes waters from 
southwest Alaska to northern Oregon, including offshore B.C. and the north and central coast waters 
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III. Affected Environment 

(COSEWIC 2008). Yelloweye rockfish are exceptionally long-lived and individuals have been aged at 
115 years in B.C. (COSEWIC 2008). Yelloweye rockfish are caught commercially in groundfish trawls 
and recreationally by hook and line. 

3.6.1.4 Eulachon 

Eulachon are a small species of smelt that spend 95% of their lives in the marine environment, 
migrating to freshwater rivers to spawn. Their marine range extends from the Bering Sea to California, and 
three DUs have been identified that include the Central Pacific Coast, Nass/Skeena Rivers, and the Fraser 
River (COSEWIC 2011). Eulachon spawn after three years, typically in coastal rivers that are associated 
with glaciers or snowpacks (COSEWIC 2011). To date, eulachon have been reported to spawn in at least 
40 rivers in B.C. (Schweigert et al. 2012). Eulachon have an exceptionally high lipid content 
(approximately 20%) and are an important species in FSC fisheries (Schweigert et al. 2012). In B.C., 
eulachon are bycaught in commercial groundfish and shrimp trawls and in pelagic hake nets; however, there 
is no targeted commercial or recreational fishery (COSEWIC 2011). However, they are taken commercially 
in Oregon (NOAA 2019g) and Washington (NMFS 2017). 

3.6.1.5 Green Sturgeon 

The green sturgeon is distributed from Alaska to California primarily in marine waters up to 110 m 
deep, migrating to freshwater during the spawning season. It is found from Grave Harbor, AK, and along 
the entire coast of B.C. during the spring and winter months.  Green sturgeon have been identified in large 
concentrations near Brooks Peninsula off the northwestern Vancouver Island during May–June and 
October–November (DFO 2019c).  During spawning season in the summer and fall, aggregations of green 
sturgeon are found in the Columbia River estuary, Willapa Bay, and Grays Harbor, WA, and in the Umpqua 
River estuary, OR (NMFS 2018b). The Rogue River, Klamath River, Eel River, Sacramento River, and 
Feather River have been confirmed as spawning rivers for green sturgeon in the U.S. (NMFS 2018b). There 
are no documented spawning rivers in Canada (COSEWIC 2004; DFO 2019c). There are currently no 
directed fisheries for green sturgeon (DFO 2019c; NOAA 2019g); however, adults are bycaught in 
commercial groundfish trawls and in recreational fisheries (DFO 2019c).  

3.6.2 Essential Fish Habitat 

Under the 1976 Magnuson Fisheries Conservation and Management Act (renamed Magnuson 
Stevens Fisheries Conservation and Management Act in 1996), Essential Fish Habitat (EFH) is defined as 
“those waters and substrate necessary to fish for spawning, breeding, feeding, or growth to maturity”. 
“Waters” include aquatic areas and their associated physical, chemical, and biological properties that are 
used by fish.  “Substrate” includes sediment, hard bottom, structures underlying the waters, and associated 
biological communities (NOAA 2002). The Magnuson Stevens Fishery Conservation and Management 
Act (16 U.S.C.§1801–1882) established Regional Fishery Management Councils and mandated that Fishery 
Management Plans (FMPs) be developed to manage exploited fish and invertebrate species responsibly in 
federal waters of the U.S. When Congress reauthorized the act in 1996 as the Sustainable Fisheries Act, 
several reforms and changes were made. One change was to charge NMFS with designating and conserving 
EFH for species managed under existing FMPs. In Washington and Oregon, there are four FMPs covering 
groundfish, coastal pelagic species, highly migratory species, and Pacific salmon. The entire western 
seaboard from the coast to the limits of the EEZ is EFH for one or more species for which EFH has been 
designated.  The proposed project area encompasses several EFHs (Fig. 3). 
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FIGURE 3. EFH in Washington and Oregon. Sources: NOAA 2018; NOAA WCR 2019; ODFW 2019b; 
USGS 2019. 
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Groundfish EFH.—The Pacific Coast Groundfish FMP manages more than 90 species 
(160 species/life stage combinations). The FMP provides a description of groundfish EFH for each of the 
species and their life stages (PFMC 2016a). When the EFH are taken together, the EFH for Pacific Coast 
groundfish includes all waters and substrate from the mean higher high water level or the upriver extent of 
saltwater intrusion along the coasts of Washington, Oregon, and California to within water depths <3500 m 
and seamounts in depths >3500 m (PMFC 2016a). In addition to the EFH parameters mentioned above, 
there are seven distinct EFH Conservation Areas within the proposed project area that are closed to bottom 
trawl fishing gear (Fig. 3) (NOAA 2018; NOAA WCR 2019; ODFW 2019b; USGS 2019).  

Coastal Pelagic Species EFH.—The FMP for Pacific coast Coastal Pelagic Species (CPS) includes 
four finfish (Pacific sardine, Pacific [chub] mackerel, northern anchovy, and jack mackerel), market squid 
and all euphausiids (krill) species that occur in the west coast EEZ (PFMC 2016b). EFH for these species 
is defined both through geographic boundaries and by sea-surface temperature ranges. Because of 
similarities in their life histories and similarities in their habitat requirements, the four CPS finfish are 
treated as a single species complex for the purposes of EFH. Market squid are also treated in this same 
complex because they are similarly fished above spawning aggregations. The geographic boundary of EFH 
for CPS finfish and market squid is defined to be all marine and estuarine waters from the shoreline along 
the coasts of California, Oregon, and Washington offshore to the limits of the EEZ and above the 
thermocline where sea surface temperatures range between 10°C and 26°C; the southern extent of the EFH 
is the U.S.-Mexico boundary (see Fig. 3). The northern boundary of the range of CPS finfish is the position 
of the 10°C isotherm which varies both seasonally and annually (PFMC 2016b). EFH for krill (Thysanoessa 
spinifera) extends from the shoreline outwards to a depth of 1000 m, while EFH for Euphausia pacifica 
and other krill species in the area extends from the shoreline to ~2000-m depth (NOAA 2018). 

Pacific Coast Salmon EFH.—The FMP for Pacific coast salmon includes the coast-wide aggregate 
of natural and hatchery salmon species that is contacted by salmon fisheries in the EEZ off the coasts of 
Washington, Oregon, and California (PFMC 2016c).  The PFMC manages the fisheries for coho, chinook, 
and pink (odd-numbered years) salmon and has defined EFH for these three species.  Pacific coast salmon 
EFH includes marine areas within the EEZ, from the extreme high tide line in nearshore and tidal submerged 
environments within state territorial waters out to the full extent of the EEZ, along with estuarine and all 
currently or historically occupied freshwater habitat within the internal waters of Washington, Oregon, 
Idaho, and California north of Point Conception (PFMC 2016c). 

Highly Migratory Species EFH.—The FMP for the U.S. west coast fisheries for highly migratory 
species includes dorado/dolphinfish and important species of tunas (North Pacific albacore, yellowfin, 
bigeye, skipjack, and northern bluefin), billfish/swordfish (striped marlin and swordfish), and sharks 
(common thresher, shortfin mako/bonito and blue) which are harvested by west coast fisheries 
(PFMC 2016d). EFH for each life stage of these species is described in the FMP (PFMC 2016d); 
collectively the highly migratory species EFH extends outwards from near shore (~10 m water depth) to 
the limit of the EEZ off of Washington, Oregon, and California (NOAA 2018). 

3.6.3 Habitat Areas of Particular Concern 

Habitat Areas of Particular Concern (HAPCs) are a subset of EFH that provide important ecological 
functions, are especially vulnerable to degradation, or include habitat that is rare (NOAA 2019h). There 
are several HAPCs within or near the proposed survey area for groundfish (Fig. 4). There are no HAPCs 
designated at this time for highly migratory species (PFMC 2016d). 
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FIGURE 4. Groundfish HAPC in Washington, Oregon, and California.  Source: PFMC (2016a). 
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Rocky Reefs HAPC.—The rocky reefs HAPC includes waters, substrates, and other biogenic 
features associated with hard substrate (bedrock, boulders, cobble, gravel, etc.) to mean higher high water 
level. The HAPC occurs primarily in Oregon waters 200–2000 m deep, including in the proposed survey 
area (see Fig. 4). The rocky reefs HAPC in Washington are mostly scattered in <200 m depth, including in 
the northern portion of the OCNMS (PFMC 2016a). 

Daisy Bank/Nelson Island HAPC.—Daisy Bank area of interest HAPC is a highly unique geological 
feature that occurs in Federal waters west of Newport, Oregon (44°38’N) and appears to play a unique and 
potentially rare ecological role for groundfish and large invertebrate sponge species. The bank supports 
more than 600,000 juvenile rockfish per km2.  Daisy Bank also supports more and larger lingcod and large 
sponges than other nearby banks (in PFMC 2016a).  It is located within the survey area (see Fig. 4). 

Washington State Waters HAPC.—The Washington State Waters HAPC encompasses all waters 
and sea bottom in state waters shoreward from the 5.6 km boundary of the territorial sea shoreward to mean 
higher high-water level. The HAPC encompasses a variety of habitats important to groundfish, including 
other HAPCs such as rocky reef habitat supporting juvenile rockfish (primarily north of 47.2°N). Sandy 
substrates within state waters (primarily south of 47.2°N) are important habitat for juvenile flatfish. A large 
proportion of this area occurs within the OCNMS (PFMC 2016a). This HAPC is adjacent to the survey 
area (see Fig. 4). 

Thompson and President Jackson Seamounts HAPC.—Seamounts have relatively high 
biodiversity; up to a third of species occurring on these features may be endemic (de Forges et al. 2000 in 
PFMC 2016a). Currents generated by seamounts retain rockfish larvae and zooplankton, a principal food 
source for rockfish (Genin et al. 1988, Mullineaux and Mills 1997, Haury et al. 2000, and Dower and Perry 
2001 in PFMC 2016a). Deep-sea corals also occur on seamounts (Monterey Bay National Marine 
Sanctuary 2005 in PFMC 2016a). The Thompson Seamount HAPC has an area of ~430 km2 and is closed 
to all bottom contact gear (Oren and DeVogelaere 2014). The HAPC is west of the survey area (see Fig. 4). 

3.6.4 SARA-Listed Fish and Marine Invertebrate Species 

There are two species that could occur within or near the survey area that are listed as endangered 
under SARA, including the basking shark and northern abalone (Table 7).  However, northern abalone are 
not expected to occur in water deeper than 10 m and are not discussed further here; information regarding 
critical habitat was provided in Section 2.1.3.  The endangered basking shark is the only SARA-listed fish 
species that could occur in the survey area. The Canadian Pacific population has been classified as 
endangered status under the SARA since 2010 and by COSEWIC since 2007 (DFO 2020b). In addition, 
several other fish species, as well as the Olympia oyster, are listed as special concern. 

The basking shark is the second largest fish in the world reaching lengths of 12.2 m and an age of 50 
years (DFO 2011b, 2020a). Basking sharks are slow to grow and mature, and exhibit low fecundity making 
them vulnerable to environmental change and anthropogenic threats. They are planktivorous and primarily 
filter-feed on copepod zooplankton in surface waters, where they spend ~19% of their time, along coastal 
shelf areas (DFO 2011b, 2020a). In Canadian Pacific waters, basking sharks are considered a migratory 
species that winter off California and spend the spring and summer months off B.C. (McFarlane et al. 2009 
in DFO 2020b). Historically, basking sharks aggregated in large numbers ranging from the hundreds to the 
thousands in the Canadian Pacific; however, present populations may only number 321–535 individuals, 
and that estimate is uncertain (DFO 2020b). From 1996–2018, only 37 confirmed or reliable basking shark 
sightings were recorded in Canadian Pacific waters (DFO 2020b). The main threats posed to basking sharks 
are primarily anthropogenic and include net entanglement, collision with vessels, harassment from marine 
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III. Affected Environment 

based activities, and prey availability. Historically, net entanglement, bycatch, sport harpooning, 
government eradication efforts (occurring from 1942–1969) and directed fisheries (during the 1920s and 
1940s) were the cause of the dramatic population decline (DFO 2009, 2011b, 2020b). 

3.6.5 Rockfish Conservation Areas 

Rockfish Conservation Areas.—RCAs were established in 2002 to alleviate rockfish population declines. 
RCAs are located in marine waters along the B.C. coast, including adjacent to the proposed survey area 
(Fig. 5). Inshore rockfish are protected from mortality associated with recreational and commercial fishing 
in the RCAs; in addition, fishery monitoring and stock assessment programs are conducted. There are 37 
species of rockfish that are typically caught by hook and line in rocky reef habitat along the B.C. coast 
(DFO 2015b).  Inshore rockfish are found at shallow depth, but may occur in water as deep as 600 m; they 
include yelloweye, quillback, S. maliger; copper, S. caurinus; china, S. nebulosus; and tiger rockfish, S. 
nigrocinctus (DFO 2018d). Shelf species (e.g., bank, S. rufus; canary; bocaccio) are typically found in 
intermediate depths, but also occur at depths up to 600 m (DFO 2018d).  Slope species are found at depths 
of 100–2000 m, and include the Pacific Ocean perch, S. alutus (DFO 2018d). Although none of the rockfish 
species are listed as endangered or threatened under SARA, rougheye rockfish (e.g., S. aleutianus) and 
yelloweye rockfish are considered special concern (Table 7). 

3.7 Fisheries 

3.7.1 Commercial Fisheries 

The commercial Oregon and Washington fisheries harvest at least 170 species, including fish such 
as salmon, rockfish, flatfish, sharks, and tuna; crustaceans; mollusks; and other invertebrates (NOAA 
2019g; ODFW 2019c). The highest landings (in metric tons) occur during July and August (NOAA 2017). 
In order of descending catch weight, the primary fish species recorded during 2014 in the Oregon, 
Washington, and Vancouver Coast and Shelf Marine Ecoregion included North Pacific hake (583.19 t), 
shrimp (63.46 t), Pacific cupped oyster (55.53 t), dungeness crab (29.13 t), chum salmon (11.06 t), coho 
salmon (8.44 t), pink salmon (2.89 t), Alaska pollock (1.8 t), and redfishes (1.42 t). Other species accounted 
for 174.48 t of the total catch (Sea Around Us 2016a). North Pacific hake has been the primary species 
caught since the 1960s, dropping off between the 1980s and 1990s, but landings have steadily increased to 
present day levels (Sea Around Us 2016a). The most common gear type used in the ecoregion as well as 
in the U.S. west coast fishery in 2014 was pelagic trawls (Sea Around Us 2016a,b). In B.C., harvests for 
commercial pelagic species are primarily taken using mobile gear such as seines, gillnets, and trawls, and 
fixed gear such as longlines and traps, in addition to hand harvesting for bivalve species (DFO 2019b). 

3.7.2 Recreational Fisheries 

Most marine recreational fisheries on the U.S. west coast occur within non-federal (shore to 5.6 km 
off the coast) waters, but some effort also occurs in federal waters (5.6 km to the extent of the EEZ); anglers 
fish from shore, private boats, and commercial passenger fishing vessels (NOAA 2019i). Species typically 
taken during recreational fisheries on the west coast include highly migratory species (albacore and other 
tunas, striped marlin, common thresher shark, shortfin mako shark), salmon (Chinook, coho), steelhead, 
groundfish (rockfish, lingcod scorpionfish, greenling, flatfish, sharks), halibut, coastal pelagic species 
(Pacific sardine, northern anchovy, market squid, Pacific mackerel), various state-managed species 
(barracuda, bass, bonito, sturgeon, surfperches), and invertebrates (abalone, lobster, crab, clams, oysters) 
(NOAA 2019i). During 2016, 1.2 million anglers took 5.2 million saltwater fishing trips, supporting 
$3 billion in sales on the U.S. west coast (NOAA 2019i). 
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III. Affected Environment 

TABLE 7. Marine fishes that may occur within the study area identified as species at risk under SARA, and 
their status under COSEWIC and their spatial distribution. Currently, only those species on Schedule 1 of 
SARA and designated as endangered or threatened are afforded protection measures. 

Species 
SARA1,2 COSEWIC1 

Water 
Depth 

Range2 

Distributional 
Range2E T SC E T SC 

Marine Fish 
Basking Shark 
(Cetorhinus maximus) 

Pacific Ocean population 
S1 X 1000 B.C. to California 

Bluntnose Sixgill Shark 
(Hexanchus griseus) 

Pacific Ocean population 
S1 X 2500 

Pacific Coast 
including the Strait of 
Georgia 

Green Sturgeon 
(Acipenser medirostris) 

Pacific Ocean population 
S1 X 610 Alaska to Mexico 

Longspine Thornyhead 
(Sebastolobus altivelis) 

Pacific Ocean population 
S1 X 1600 

Alaska to Baja 
California, Mexico 

Rougheye Rockfish Type I and Type II 
(Sebastes sp.) 

Pacific Ocean population 
Yelloweye Rockfish 
(Sebastes ruberrimus) 

Pacific Ocean Inside Waters 
population 

Pacific Ocean Outside Waters 
population 

S1 

S1 

S1 

X 

X 

X 

800 

232 

232 

Alaska to southern 
California 

Strait of Georgia, 
Johnstone Strait, 
Queen Charlotte Strait 

Alaska to northern 
Oregon 

Tope 
(Galeorhinus galeus) 

Pacific Ocean population 
S1 X 471 

Hecate Strait, B.C., to 
Gulf of California 

Bull trout3 

(Salvelinus confluentus) 
South Coast B.C. population 

S1 X 4 B.C. to Washington 

Marine Invertebrates 
Northern Abalone 
(Haliotis kamtschatkana) 

Pacific Ocean population 
S1 X 100 

Alaska to Baja 
California, Mexico 

Olympia Oyster 
(Ostrea lurida) 

Central Coast population 
S1 X 50 

Gale Passage, B.C., 
to Baja California, 
Mexico 

Johnstone Strait population S1 X 50 
Queen Charlotte population S1 X 50 
Strait of Georgia population S1 X 50 
Strait of Juan de Fuca population S1 X 50 
West Coast Vancouver Island 
population 

S1 X 50 

1 Government of Canada (2021d). E = Endangered; T = Threatened; SC = Special Concern; S1 = Schedule 1. 
2 DFO (2019a). 
3 Hayes et al. (2011). 
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III. Affected Environment 

FIGURE 5. Rockfish Conservation Areas adjacent to the proposed project area.  Source:  DFO (2015b) 
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III. Affected Environment 

Recreational oceanic salmon fisheries off Oregon are open from March–November (location- and 
species-dependent); during 2018, there were 63,829 angler trips for this fishery (ODFW 2019d). 
Recreational groundfish taken off Oregon for which catch quotas are set include black rockfish, blue and 
deacon rockfishes, cabezon, canary rockfish, kelp and rock greenlings, “minor nearshore rockfishes” 
(China, copper, black-and-yellow, brown, calico, gopher, grass, kelp, olive, treefish, and quillback), and 
yelloweye rockfish; these species are primarily fished during spring and summer, with peak catches 
typically during July and August (ODFW 2019e). Pacific halibut are also caught during both nearshore 
and offshore recreational fisheries off Oregon, with the season running from May–October, with peak 
catches occurring from May–August (ODFW 2019f).  

Recreational fisheries off Washington include salmon (Chinook, coho, chum, pink, sockeye, jacks), 
marine fish (bottomfish [e.g., rockfish, lingcod, sole, flounder], forage fish [e.g., herring, smelt], tunas and 
mackerels, Pacific halibut), and shellfish (e.g., clams, oysters, shrimp, crab) (Kraig and Scalici 2017). The 
recreational fishing season varies by species and location, but generally runs from May–October with peaks 
during mid-summer to early-fall (Kraig and Scalici 2017). The main species that contribute to the 
recreational fishery in B.C. include coho and chinook salmon, and Pacific halibut (MaPP 2015; 
DFO 2020c). Other finfish species are also caught recreationally, in addition to bivalves, crabs, and other 
invertebrates (DFO 2020c).  In 2010, 1260 t were taken in the recreational fishery (Ainsworth 2015). 

3.7.3 Tribal and First Nation Fisheries 

The coast and nearshore areas are of cultural and economic importance to indigenous people of the 
Pacific Northwest. Since time immemorial, exercising fishing, hunting, and gathering for commercial, 
ceremonial, and subsistence purposes throughout the Pacific Northwest has been essential to Indigenous 
people in the region. Tribes in Washington State have treaties with the federal government that include 
fishing rights within “Usual and Accustomed Fishing and Hunting Areas” (U&A). These treaty rights have 
been confirmed and interpreted under the Boldt Decision4 and other subsequent court cases5 to include the 
right of Treaty Tribes to harvest up to 50% of all fisheries resources that reside in and/or pass through their 
U&A. These decisions also establish Treaty Tribes in Washington as legal co-managers of fisheries 
resources,6 with similar regulations at the Federal level7. Treaty Tribes in the region have sophisticated 
fisheries management and research capacity. Part of the proposed survey off the Washington coast occurs 
within the U&A areas of the Hoh Tribe, Makah Tribe, Quileute Tribe, and Quinault Nation. Treaty Tribes’ 
commercial and ceremonial/subsistence fisheries in this region are extensive and include but are not limited 
to: salmon, halibut, groundfish, flatfish, whiting, and Dungeness crab. Tribes also harvest shellfish such as 
clams, crab, oysters, and shrimp, and many other species as part of treaty fisheries (NWIFC 2019). Treaty 
fisheries play an integral role in the economy, nutritional security, and culture of the Treaty Tribes within 
the study area. 

4 United States v. Washington, 384 F. Supp. 312 (W.D. Wash. 1974), aff'd, 520 F.2d 676, 684-687 (9th Cir. 1975). 
5 E.g., Washington v. Washington State Commercial Passenger Fishing Vessel Association, 443 U.S. 658, 685-687 

(1979) (salmon); U.S. v. Washington, 459 F. Supp. 1020, 1065 (W.D. Wash. 1978) (herring); U.S. v. Washington, 
No. C85-1606R, Subproceeding No. 92-1 (W.D. Wash. Dec. 29, 1993) (halibut); U.S. v. Washington, 873 F. Supp. 
1422, 1445, n.30 (W.D. Wash. 1994), aff’d in part and rev’d in part, 157 F. 3d 630, 651-652 (9th Cir. 1998) 
(shellfish); U.S. v. Washington, No. 9213, Subproceeding 96-2 (Nov. 4, 1996) (Pacific whiting). 

6 See generally United States v. Washington, 384 F. Supp. 312 (W.D. Wash. 1974), aff'd, 520 F.2d 676 (9th Cir. 1975). 
7 See, e.g., 50 C.F.R. § 660.50(d)(2). 
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III. Affected Environment 

In Canada, subsistence fishing activity is known as “Food, Social, and Ceremonial (FSC)” harvesting 
and is practiced by indigenous groups. Salmon are the main species harvested by indigenous communities 
in FSC fisheries due to their nutritional, cultural, and spiritual significance, but marine mammals, birds, 
and plants are also taken (Weatherdon et al. 2016). Small quantities of sockeye salmon are principally 
harvested for subsistence purposes on the west coast Vancouver Island in areas including Clayoquot Sound, 
Barkley Sound, and Nitinat Inlet (DFO 1999). Halibut as well as herring roe are also harvested (Ainsworth 
2015). Under the AAROM (Aboriginal Aquatic resource and Oceans Management) program, DFO 
supports indigenous groups as they “develop, grow and maintain aquatic resource and oceans management 
departments” (DFO 2020c). Domestic fishing areas for the Maa-nulth First Nation are located within the 
proposed study off Vancouver Island. Artisanal fisheries occur for butter clams, lingcod, and abalone; in 
2010, subsistence fishing totaled 3690 t, and artisanal landings totaled 2160 t (Ainsworth 2015). 

3.8 Aquaculture 

In Oregon, the only marine species that is harvested is the Pacific oyster which makes up 44% of 
the number of farms within the state, valued at $10 million (ODA 2015). There is significant room to 
diversify and expand the current practices, and to explore possibilities of farming other marine invertebrate 
species such as the Manila clam, purple varnish clam, mussel, abalone, sea cucumber, and sea urchin (ODA 
2015). Classified commercial shellfish growing areas in Oregon include Clatsop beaches, Tillamook Bay, 
Netarts Bay, Yaquina Bay, Umpqua Triangle, Umpqua River, Coos Bay, and South Slough (ODA 2019). 

In 2011, shellfish farming in Washington state contributed $270 million to the economy 
(Washington Sea Grant 2015). Shellfish aquaculture production regions along the coast include the Strait 
of Juan de Fuca, Grays Harbor, Willapa Bay, and Puget Sound. The most important farmed species are the 
Pacific, eastern, and Kumamoto oysters, Olympia oyster, Manila clam, mussels, and geoduck (Washington 
Sea Grant 2015). The Pacific oyster makes up 38% of the total production of aquaculture in Washington, 
followed by geoduck (27%) and the Manila clam (19%) (Washington Sea Grant 2015). In 2017, a sea cage 
site owned by Cooke Aquaculture near Cypress Island, Puget Sound, failed and released 240,000 Atlantic 
salmon (non-native) into the surrounding waters. Since then, House Bill 2957 was passed by Washington 
Legislature which stated that all remaining Atlantic salmon pens will be phased out by 2022, and new 
commercial non-native finfish aquaculture is prohibited (Washington State Department of Ecology 2019). 

In 2016, there were 41 licensed marine finfish and 63 licensed shellfish aquaculture facilities on the 
west coast of Vancouver Island (DFO 2020d). During 2010–2015, finfish aquaculture production generated 
$454 million (77, 209 t) and shellfish aquaculture generated $21 million (9146 t) for B.C. (VIEA 2017).  
Most marine finfish aquaculture licenses are issued for Atlantic salmon, chinook, coho, and sockeye 
salmon, and to a lesser degree, sablefish, steelhead trout, sturgeon, and tilapia (DFO 2017c; VIEA 2019). 
The majority of finfish aquaculture facilities are located around northern and western Vancouver Island, 
particularly in Clayoquot Sound. Shellfish aquaculture licenses are issued for Pacific oysters, Manila clams, 
geoduck, blue and Gallo mussels, and Japanese scallops (BCSGA 2019).  On the west coast of Vancouver 
Island in Barkley Sound several kelp species are farmed and harvested commercially. These species include 
giant kelp, bull kelp, kombu, and sugar kelp (Canadian Kelp 2019; VIEA 2019). 

3.9 Shipwrecks and SCUBA Diving 

There are at least 17 shore-accessible SCUBA diving sites along the Oregon coast (ShoreDiving 
2019). Wreck dives are popular along the Olympic Peninsula of Washington. Although the Columbia 
River Bar is nicknamed the Graveyard of the Pacific with ~2000 shipwrecks (TheOregonCoast.info 2019), 
the survey area is located >50 km from the mouth of the Columbia River and would occur in water depths 
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III. Affected Environment 

>60 m, outside the range for recreational SCUBA diving. The West Coast Trail, originally the Dominion 
Lifesaving Trail, runs for 75 km along the southwest coast of Vancouver Island, and was built to facilitate 
the rescue of survivors of more than 484 shipwrecks along this stretch of coastline (West Coast Trail Guide 
2019). The locations of 25 shipwrecks are included in the West Coast Trail Guide, though there are not 
visible remains of all 25 wrecks (West Coast Trail Guide 2019). Scuba diving makes up <5% of visitor 
motivations to travel to Vancouver Island North as tourism is centrally driven by other nature-based 
activities (Vancouver Island North Tourism Plan 2015). The majority of dive operators (41%) are located 
on southern Vancouver Island, and 10% are located on northern Vancouver Island and Haida Gwaii 
(Ivanova 2004). Most diving trips occur during the summer, but diving on the west coast takes place 
throughout the year (Ivanova 2004). Alberni-Clayoquot is a popular diving area on the west coast of 
Vancouver Island.   

IV ENVIRONMENTAL CONSEQUENCES 

4.1 Proposed Action 

4.1.1 Direct Effects on Marine Mammals and Sea Turtles and Their Significance 

The material in this section includes a summary of the expected potential effects (or lack thereof) of 
airgun sounds on marine mammals and sea turtles given in the PEIS, and reference to recent literature that 
has become available since the PEIS was released in 2011. A more comprehensive review of the relevant 
background information appears in § 3.4.4.3, § 3.6.4.3, § 3.7.4.3, § 3.8.4.3, and Appendix E of the PEIS. 
Relevant background information on the hearing abilities of marine mammals and sea turtles can also be 
found in the PEIS. 

This section also includes estimates of the numbers of marine mammals that could be affected by the 
proposed seismic surveys. A description of the rationale for NSF’s estimates of the numbers of individuals 
exposed to received sound levels 160 dB re 1 µParms is also provided.  

4.1.1.1 Summary of Potential Effects of Airgun Sounds 

As noted in the PEIS (§ 3.4.4.3, § 3.6.4.3, § 3.7.4.3, § 3.8.4.3), the effects of sounds from airguns 
could include one or more of the following: tolerance, masking of natural sounds, behavioral disturbance, 
and at least in theory, temporary or permanent hearing impairment, or non-auditory physical or 
physiological effects (Richardson et al. 1995; Gordon et al. 2004; Nowacek et al. 2007; Southall et al. 2007; 
Erbe 2012; Peng et al. 2015; Erbe et al. 2016; Kunc et al. 2016; National Academies of Sciences, 
Engineering, and Medicine 2017; Weilgart 2017a). In some cases, a behavioral response to a sound can 
reduce the overall exposure to that sound (e.g., Finneran et al. 2015; Wensveen et al. 2015).  

Permanent hearing impairment (PTS), in the unlikely event that it occurred, would constitute injury 
(Southall et al. 2007; Le Prell 2012). Physical damage to a mammal’s hearing apparatus can occur if it is 
exposed to sound impulses that have very high peak pressures, especially if the impulses have very short 
rise times (e.g., Morell et al. 2017). However, the impulsive nature of sound is range-dependent, becoming 
less harmful over distance from the source (Hastie et al. 2019). TTS is not considered an injury (Southall 
et al. 2007; Le Prell 2012).  Rather, the onset of TTS has been considered an indicator that, if the animal is 
exposed to higher levels of that sound, physical damage is ultimately a possibility. Nonetheless, research 
has shown that sound exposure can cause cochlear neural degeneration, even when threshold shifts and hair 
cell damage are reversible (Kujawa and Liberman 2009; Liberman et al. 2016). These findings have raised 
some doubts as to whether TTS should continue to be considered a non-injurious effect (Weilgart 2014; 
Tougaard et al. 2015, 2016). Although the possibility cannot be entirely excluded, it is unlikely that the 
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IV. Environmental Consequences 

proposed surveys would result in any cases of temporary or permanent hearing impairment, or any 
significant non-auditory physical or physiological effects.  If marine mammals encounter a survey while it 
is underway, some behavioral disturbance could result, but this would be localized and short-term. 

Tolerance.―Numerous studies have shown that pulsed sounds from airguns are often readily 
detectable in the water at distances of many kilometers (e.g., Nieukirk et al. 2012). Several studies have 
shown that marine mammals at distances more than a few kilometers from operating seismic vessels often 
show no apparent response. That is often true even in cases when the pulsed sounds must be readily audible 
to the animals based on measured received levels and the hearing sensitivity of that mammal group. 
Although various baleen and toothed whales, and (less frequently) pinnipeds have been shown to react 
behaviorally to airgun pulses under some conditions, at other times mammals of all three types have shown 
no overt reactions.  The relative responsiveness of baleen and toothed whales are quite variable. 

Masking.―Masking effects of pulsed sounds (even from large arrays of airguns) on marine mammal 
calls and other natural sounds are expected to be limited, although there are few specific data on this.  
Because of the intermittent nature and low duty cycle of seismic pulses, animals can emit and receive 
sounds in the relatively quiet intervals between pulses. However, in exceptional situations, reverberation 
occurs for much or all of the interval between pulses (e.g., Simard et al. 2005; Clark and Gagnon 2006), 
which could mask calls. Situations with prolonged strong reverberation are infrequent. However, it is 
common for reverberation to cause some lesser degree of elevation of the background level between airgun 
pulses (e.g., Gedamke 2011; Guerra et al. 2011, 2016; Klinck et al. 2012; Guan et al. 2015), and this weaker 
reverberation presumably reduces the detection range of calls and other natural sounds to some degree. 
Guerra et al. (2016) reported that ambient noise levels between seismic pulses were elevated as a result of 
reverberation at ranges of 50 km from the seismic source. Based on measurements in deep water of the 
Southern Ocean, Gedamke (2011) estimated that the slight elevation of background levels during intervals 
between pulses reduced blue and fin whale communication space by as much as 36–51% when a seismic 
survey was operating 450–2800 km away. Based on preliminary modeling, Wittekind et al. (2016) reported 
that airgun sounds could reduce the communication range of blue and fin whales 2000 km from the seismic 
source. Kyhn et al. (2019) reported that baleen whales and seals were likely masked over an extended 
period of time during four concurrent seismic surveys in Baffin Bay, Greenland. Nieukirk et al. (2012), 
Blackwell et al. (2013), and Dunlop (2018) also noted the potential for masking effects from seismic surveys 
on large whales, 

Some baleen and toothed whales are known to continue calling in the presence of seismic pulses, and 
their calls usually can be heard between the pulses (e.g., Nieukirk et al. 2012; Thode et al. 2012; Bröker et 
al. 2013; Sciacca et al. 2016). Cerchio et al. (2014) suggested that the breeding display of humpback whales 
off Angola could be disrupted by seismic sounds, as singing activity declined with increasing received 
levels.  In addition, some cetaceans are known to change their calling rates, shift their peak frequencies, or 
otherwise modify their vocal behavior in response to airgun sounds (e.g., Di Iorio and Clark 2010; 
Castellote et al. 2012; Blackwell et al. 2013, 2015). The hearing systems of baleen whales are undoubtedly 
more sensitive to low-frequency sounds than are the ears of the small odontocetes that have been studied 
directly (e.g., MacGillivray et al. 2014). The sounds important to small odontocetes are predominantly at 
much higher frequencies than are the dominant components of airgun sounds, thus limiting the potential 
for masking. In general, masking effects of seismic pulses are expected to be minor, given the normally 
intermittent nature of seismic pulses. We are not aware of any information concerning masking of hearing 
in sea turtles. 
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IV. Environmental Consequences 

Disturbance Reactions.―Disturbance includes a variety of effects, including subtle to conspicuous 
changes in behavior, movement, and displacement. Based on NMFS (2001, p. 9293), National Research 
Council (NRC 2005), and Southall et al. (2007), we believe that simple exposure to sound, or brief reactions 
that do not disrupt behavioral patterns in a potentially significant manner, do not constitute harassment or 
“taking”. By potentially significant, we mean, ‘in a manner that might have deleterious effects to the 
well-being of individual marine mammals or their populations’.  

Reactions to sound, if any, depend on species, state of maturity, experience, current activity, 
reproductive state, time of day, and many other factors (Richardson et al. 1995; Wartzok et al. 2004; 
Southall et al. 2007; Weilgart 2007; Ellison et al. 2012, 2018). If a marine mammal does react briefly to 
an underwater sound by changing its behavior or moving a small distance, the impacts of the change are 
unlikely to be significant to the individual, let alone the stock or population (e.g., New et al. 2013a). 
However, if a sound source displaces marine mammals from an important feeding or breeding area for a 
prolonged period, impacts on individuals and populations could be significant (Lusseau and Bejder 2007; 
Weilgart 2007; New et al. 2013b; Nowacek et al. 2015; Forney et al. 2017).  Some studies have attempted 
modeling to assess consequences of effects from underwater noise at the population level (e.g., King et al. 
2015; Costa et al. 2016a,b; Ellison et al. 2016; Harwood et al. 2016; Nowacek et al. 2016; Farmer et al. 
2017).  

Given the many uncertainties in predicting the quantity and types of impacts of noise on marine 
mammals, it is common practice to estimate how many marine mammals would be present within a 
particular distance of industrial activities and/or exposed to a particular level of industrial sound. In most 
cases, this approach likely overestimates the numbers of marine mammals that would be affected in some 
biologically important manner. The sound criteria used to estimate how many marine mammals could be 
disturbed to some biologically important degree by a seismic program are based primarily on behavioral 
observations of a few species. Detailed studies have been done on humpback, gray, bowhead, and sperm 
whales. Less detailed data are available for some other species of baleen whales and small toothed whales, 
but for many species, there are no data on responses to marine seismic surveys. 

Baleen Whales 

Baleen whales generally tend to avoid operating airguns, but avoidance radii are quite variable. 
Whales are often reported to show no overt reactions to pulses from large arrays of airguns at distances 
beyond a few kilometers, even though the airgun pulses remain well above ambient noise levels out to much 
longer distances. However, baleen whales exposed to strong noise pulses from airguns often react by 
deviating from their normal migration route and/or interrupting their feeding and moving away. In the 
cases of migrating gray and bowhead whales, the observed changes in behavior appeared to be of little or 
no biological consequence to the animals. They simply avoided the sound source by displacing their 
migration route to varying degrees, but within the natural boundaries of the migration corridors (Malme et 
al. 1984; Malme and Miles 1985; Richardson et al. 1995). 

Responses of humpback whales to seismic surveys have been studied during migration, on summer 
feeding grounds, and on Angolan winter breeding grounds; there has also been discussion of effects on the 
Brazilian wintering grounds. Off Western Australia, avoidance reactions began at 5–8 km from the array, 
and those reactions kept most pods ~3–4 km from the operating seismic boat; there was localized 
displacement during migration of 4–5 km by traveling pods and 7–12 km by more sensitive resting pods of 
cow-calf pairs (McCauley et al. 1998, 2000). However, some individual humpback whales, especially 
males, approached within distances of 100–400 m.  
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IV. Environmental Consequences 

Dunlop et al. (2015) reported that migrating humpback whales in Australia responded to a vessel 
operating a 20 in3 airgun by decreasing their dive time and speed of southward migration; however, the 
same responses were obtained during control trials without an active airgun, suggesting that humpbacks 
responded to the source vessel rather than the airgun. A ramp up was not superior to triggering humpbacks 
to move away from the vessel compared with a constant source at a higher level of 140 in3, although an 
increase in distance from the airgun(s) was noted for both sources (Dunlop et al. 2016a). Avoidance was 
also shown when no airguns were operational, indicating that the presence of the vessel itself had an effect 
on the response (Dunlop et al. 2016a,b). Overall, the results showed that humpbacks were more likely to 
avoid active small airgun sources (20 and 140 in3) within 3 km and received levels of at least 140 dB re 1 
μPa2 · s (Dunlop et al. 2017a). Responses to ramp up and use of a large 3130 in3 array elicited greater 
behavioral changes in humpbacks when compared with small arrays (Dunlop et al. 2016c). Humpbacks 
deviated from their southbound migration when they were within 4 km of the active large airgun source, 
where received levels were >130 dB re 1 μPa2 · s (Dunlop et al. 2017b, 2018). These results are consistent 
with earlier studies (e.g., McCauley et al. 2000). 

In the northwest Atlantic, sighting rates were significantly greater during non-seismic periods 
compared with periods when a full array was operating, and humpback whales were more likely to swim 
away and less likely to swim towards a vessel during seismic vs. non-seismic periods (Moulton and Holst 
2010). In contrast, sightings of humpback whales from seismic vessels off the U.K. during 1994–2010 
indicated that detection rates were similar during seismic and non-seismic periods, although sample sizes 
were small (Stone 2015). On their summer feeding grounds in southeast Alaska, there was no clear 
evidence of avoidance, despite the possibility of subtle effects, at received levels up to 172 re 1 Pa on an 
approximate rms basis (Malme et al. 1985). It has been suggested that South Atlantic humpback whales 
wintering off Brazil may be displaced or even strand upon exposure to seismic surveys (Engel et al. 2004), 
but data from subsequent years indicated that there was no observable direct correlation between strandings 
and seismic surveys (IWC 2007).  

There are no data on reactions of right whales to seismic surveys. However, Rolland et al. (2012) 
suggested that ship noise causes increased stress in right whales; they showed that baseline levels of 
stress-related faecal hormone metabolites decreased in North Atlantic right whales with a 6-dB decrease in 
underwater noise from vessels. Wright et al. (2011), Atkinson et al. (2015), Houser et al. (2016), and 
Lyamin et al. (2016) also reported that sound could be a potential source of stress for marine mammals. 

Bowhead whales show that their responsiveness can be quite variable depending on their activity 
(migrating vs. feeding). Bowhead whales migrating west across the Alaskan Beaufort Sea in autumn, in 
particular, are unusually responsive, with substantial avoidance occurring out to distances of 20–30 km 
from a medium-sized airgun source (Miller et al. 1999; Richardson et al. 1999). Subtle but statistically 
significant changes in surfacing–respiration–dive cycles were shown by traveling and socializing bowheads 
exposed to airgun sounds in the Beaufort Sea, including shorter surfacings, shorter dives, and decreased 
number of blows per surfacing (Robertson et al. 2013). More recent research on bowhead whales 
corroborates earlier evidence that, during the summer feeding season, bowheads are less responsive to 
seismic sources (e.g., Miller et al. 2005; Robertson et al. 2013).  

Bowhead whale calls detected in the presence and absence of airgun sounds have been studied 
extensively in the Beaufort Sea. Bowheads continue to produce calls of the usual types when exposed to 
airgun sounds on their summering grounds, although numbers of calls detected are significantly lower in 
the presence than in the absence of airgun pulses (Blackwell et al. 2013, 2015). Blackwell et al. (2013) 
reported that calling rates in 2007 declined significantly where received SPLs from airgun sounds were 
116–129 dB re 1 µPa; at SPLs <108 dB re 1 µPa, calling rates were not affected. When data for 
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2007–2010 were analyzed, Blackwell et al. (2015) reported an initial increase in calling rates when airgun 
pulses became detectable; however, calling rates leveled off at a received CSEL10-min (cumulative SEL over 
a 10-min period) of ~94 dB re 1 µPa2 · s, decreased at CSEL10-min >127 dB re 1 µPa2 · s, and whales were 
nearly silent at CSEL10-min >160 dB re 1 µPa2 · s. Thus, bowhead whales in the Beaufort Sea apparently 
decreased their calling rates in response to seismic operations, although movement out of the area could 
also have contributed to the lower call detection rate (Blackwell et al. 2013, 2015). 

A multivariate analysis of factors affecting the distribution of calling bowhead whales during their 
fall migration in 2009 noted that the southern edge of the distribution of calling whales was significantly 
closer to shore with increasing levels of airgun sound from a seismic survey a few hundred kilometers to 
the east of the study area (i.e., behind the westward-migrating whales; McDonald et al. 2010, 2011). It was 
not known whether this statistical effect represented a stronger tendency for quieting of the whales farther 
offshore in deeper water upon exposure to airgun sound, or an actual inshore displacement of whales. 

There was no indication that western gray whales exposed to seismic sound were displaced from 
their overall feeding grounds near Sakhalin Island during seismic programs in 1997 (Würsig et al. 1999) 
and in 2001 (Johnson et al. 2007; Meier et al. 2007; Yazvenko et al. 2007a). However, there were 
indications of subtle behavioral effects among whales that remained in the areas exposed to airgun sounds 
(Würsig et al. 1999; Gailey et al. 2007; Weller et al. 2006a) and localized redistribution of some individuals 
within the nearshore feeding ground so as to avoid close approaches by the seismic vessel (Weller et al. 
2002, 2006b; Yazvenko et al. 2007a). Despite the evidence of subtle changes in some quantitative measures 
of behavior and local redistribution of some individuals, there was no apparent change in the frequency of 
feeding, as evident from mud plumes visible at the surface (Yazvenko et al. 2007b). Similarly, no large 
changes in gray whale movement, respiration, or distribution patterns were observed during the seismic 
programs conducted in 2010 (Bröker et al. 2015; Gailey et al. 2016). Although sighting distances of gray 
whales from shore increased slightly during a 2-week seismic survey, this result was not significant (Muir et 
al. 2015). However, there may have been a possible localized avoidance response to high sound levels in the 
area (Muir et al. 2016). The lack of strong avoidance or other strong responses during the 2001 and 2010 
programs was presumably in part a result of the comprehensive combination of real-time monitoring and 
mitigation measures designed to avoid exposing western gray whales to received SPLs above ~163 dB re 
1 μParms (Johnson et al. 2007; Nowacek et al. 2012, 2013b).  In contrast, preliminary data collected during 
a seismic program in 2015 showed some displacement of animals from the feeding area and responses to 
lower sound levels than expected (Gailey et al. 2017; Sychenko et al. 2017). 

Gray whales in B.C., Canada, exposed to seismic survey sound levels up to ~170 dB re 1 μPa did not 
appear to be strongly disturbed (Bain and Williams 2006). The few whales that were observed moved away 
from the airguns but toward deeper water where sound levels were said to be higher due to propagation 
effects (Bain and Williams 2006). 

Various species of Balaenoptera (blue, sei, fin, and minke whales) have occasionally been seen in 
areas ensonified by airgun pulses. Sightings by observers on seismic vessels using large arrays off the U.K. 
from 1994–2010 showed that the detection rate for minke whales was significantly higher when airguns 
were not operating; however, during surveys with small arrays, the detection rates for minke whales were 
similar during seismic and non-seismic periods (Stone 2015). Sighting rates for fin and sei whales were 
similar when large arrays of airguns were operating vs. silent (Stone 2015). All baleen whales combined 
tended to exhibit localized avoidance, remaining significantly farther (on average) from large arrays 
(median closest point of approach or CPA of ~1.5 km) during seismic operations compared with 
non-seismic periods (median CPA ~1.0 km; Stone 2015). In addition, fin and minke whales were more 
often oriented away from the vessel while a large airgun array was active compared with periods of 
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IV. Environmental Consequences 

inactivity (Stone 2015). Singing fin whales in the Mediterranean moved away from an operating airgun 
array, and their song notes had lower bandwidths during periods with vs. without airgun sounds 
(Castellote et al. 2012). 

Kavanagh et al. (2019) analyzed more than 8000 hr of cetacean survey data in the northeastern 
Atlantic Ocean to determine the effects of the seismic surveys on cetaceans. They found that sighting rates 
of baleen whales were significantly lower during seismic surveys compared with control surveys. During 
seismic surveys in the northwest Atlantic, baleen whales as a group showed localized avoidance of the 
operating array (Moulton and Holst 2010). Sighting rates were significantly lower during seismic 
operations compared with non-seismic periods. Baleen whales were seen on average 200 m farther from 
the vessel during airgun activities vs. non-seismic periods, and these whales more often swam away from 
the vessel when seismic operations were underway compared with periods when no airguns were operating 
(Moulton and Holst 2010). Blue whales were seen significantly farther from the vessel during single airgun 
operations, ramp up, and all other airgun operations compared with non-seismic periods (Moulton and Holst 
2010). Similarly, fin whales were seen at significantly farther distances during ramp up than during periods 
without airgun operations; there was also a trend for fin whales to be sighted farther from the vessel during 
other airgun operations, but the difference was not significant (Moulton and Holst 2010). Minke whales 
were seen significantly farther from the vessel during periods with than without seismic operations 
(Moulton and Holst 2010).  Minke whales were also more likely to swim away and less likely to approach 
during seismic operations compared to periods when airguns were not operating (Moulton and Holst 2010). 
However, Matos (2015) reported no change in sighting rates of minke whales in Vestfjorden, Norway, 
during ongoing seismic surveys outside of the fjord. Vilela et al. (2016) cautioned that environmental 
conditions should be taken into account when comparing sighting rates during seismic surveys, as spatial 
modeling showed that differences in sighting rates of rorquals (fin and minke whales) during seismic 
periods and non-seismic periods during a survey in the Gulf of Cadiz could be explained by environmental 
variables. 

Data on short-term reactions by cetaceans to impulsive noises are not necessarily indicative of 
long-term or biologically significant effects. It is not known whether impulsive sounds affect reproductive 
rate or distribution and habitat use in subsequent days or years. However, gray whales have continued to 
migrate annually along the west coast of North America with substantial increases in the population over 
recent years, despite intermittent seismic exploration (and much ship traffic) in that area for decades. The 
western Pacific gray whale population continued to feed off Sakhalin Island every summer, despite seismic 
surveys in the region. In addition, bowhead whales have continued to travel to the eastern Beaufort Sea 
each summer, and their numbers have increased notably, despite seismic exploration in their summer and 
autumn range for many years. Pirotta et al. (2018) used a dynamic state model of behavior and physiology 
to assess the consequences of disturbance (e.g., seismic surveys) on whales (in this case, blue whales). They 
found that the impact of localized, acute disturbance (e.g., seismic surveys) depended on the whale’s 
behavioral response, with whales that remained in the affected area having a greater risk of reduced 
reproductive success than whales that avoided the disturbance. Chronic, but weaker disturbance (e.g., vessel 
traffic) appeared to have less effect on reproductive success. 

Toothed Whales 

Little systematic information is available about reactions of toothed whales to sound pulses. 
However, there are recent systematic studies on sperm whales, and there is an increasing amount of 
information about responses of various odontocetes to seismic surveys based on monitoring studies. 
Seismic operators and marine mammal observers on seismic vessels regularly see dolphins and other small 
toothed whales near operating airgun arrays, but in general there is a tendency for most delphinids to show 
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some avoidance of operating seismic vessels (e.g., Stone and Tasker 2006; Moulton and Holst 2010; Barry 
et al. 2012; Wole and Myade 2014; Stone 2015; Monaco et al. 2016). In most cases, the avoidance radii 
for delphinids appear to be small, on the order of 1 km or less, and some individuals show no apparent 
avoidance. 

Observations from seismic vessels using large arrays off the U.K. from 1994–2010 indicated that 
detection rates were significantly higher for killer whales, white-beaked dolphins, and Atlantic 
white-sided dolphins when airguns were not operating; detection rates during seismic vs. non-seismic 
periods were similar during seismic surveys using small arrays (Stone 2015). Detection rates for 
long-finned pilot whales, Risso’s dolphins, bottlenose dolphins, and short-beaked common dolphins were 
similar during seismic (small or large array) vs. non-seismic operations (Stone 2015). CPA distances for 
killer whales, white-beaked dolphins, and Atlantic white-sided dolphins were significantly farther 
(>0.5 km) from large airgun arrays during periods of airgun activity compared with periods of inactivity, 
with significantly more animals traveling away from the vessel during airgun operation (Stone 2015). 
Observers’ records suggested that fewer cetaceans were feeding and fewer delphinids were interacting with 
the survey vessel (e.g., bow-riding) during periods with airguns operating (Stone 2015).  

During seismic surveys in the northwest Atlantic, delphinids as a group showed some localized 
avoidance of the operating array (Moulton and Holst 2010). The mean initial detection distance was 
significantly farther (by ~200 m) during seismic operations compared with periods when the seismic source 
was not active; however, there was no significant difference between sighting rates (Moulton and Holst 
2010).  The same results were evident when only long-finned pilot whales were considered. 

Preliminary findings of a monitoring study of narwhals in Melville Bay, Greenland, (summer and 
fall 2012) showed no short-term effects of seismic survey activity on narwhal distribution, abundance, 
migration timing, and feeding habits (Heide-Jørgensen et al. 2013a). In addition, there were no reported 
effects on narwhal hunting. These findings do not seemingly support a suggestion by Heide-Jørgensen et 
al. (2013b) that seismic surveys in Baffin Bay may have delayed the migration timing of narwhals, thereby 
increasing the risk of narwhals to ice entrapment. 

The beluga, however, is a species that (at least at times) shows long-distance (10s of km) avoidance 
of seismic vessels (e.g., Miller et al. 2005). Captive bottlenose dolphins and beluga whales exhibited 
changes in behavior when exposed to strong pulsed sounds similar in duration to those typically used in 
seismic surveys, but the animals tolerated high received levels of sound before exhibiting aversive 
behaviors (e.g., Finneran et al. 2000, 2002, 2005). Schlundt et al. (2016) also reported that bottlenose 
dolphins exposed to multiple airgun pulses exhibited some anticipatory behavior.  

Most studies of sperm whales exposed to airgun sounds indicate that the sperm whale shows 
considerable tolerance of airgun pulses; in most cases the whales do not show strong avoidance 
(e.g., Stone and Tasker 2006; Moulton and Holst 2010). Winsor et al. (2017) outfitted sperm whales in the 
Gulf of Mexico with satellite tags to examine their spatial distribution in relation to seismic surveys. They 
found no evidence of avoidance or changes in orientation by sperm whales to active seismic vessels. Based 
on data collected by observers on seismic vessels off the U.K. from 1994–2010, detection rates for sperm 
whales were similar when large arrays of airguns were operating vs. silent; however, during surveys with 
small arrays, the detection rate was significantly higher when the airguns were not in operation (Stone 
2015). Foraging behavior can also be altered upon exposure to airgun sound (e.g., Miller et al. 2009), which 
according to Farmer et al. (2017), could have significant consequences on individual fitness. Preliminary 
data from the Gulf of Mexico show a correlation between reduced sperm whale acoustic activity and periods 
with airgun operations (Sidorovskaia et al. 2014).  
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There are almost no specific data on the behavioral reactions of beaked whales to seismic surveys. 
Most beaked whales tend to avoid approaching vessels of other types (e.g., Würsig et al. 1998) and/or 
change their behavior in response to sounds from vessels (e.g., Pirotta et al. 2012). Thus, it is likely that 
most beaked whales would also show strong avoidance of an approaching seismic vessel. Observations 
from seismic vessels off the U.K. from 1994–2010 indicated that detection rates of beaked whales were 
significantly higher (p<0.05) when airguns were not operating vs. when a large array was in operation, 
although sample sizes were small (Stone 2015).  Some northern bottlenose whales remained in the general 
area and continued to produce high-frequency clicks when exposed to sound pulses from distant seismic 
surveys (e.g., Simard et al. 2005).  

The limited available data suggest that harbor porpoises show stronger avoidance of seismic 
operations than do Dall’s porpoises. The apparent tendency for greater responsiveness in the harbor 
porpoise is consistent with its relative responsiveness to boat traffic and some other acoustic sources 
(Richardson et al. 1995; Southall et al. 2007).  Based on data collected by observers on seismic vessels off 
the U.K. from 1994–2010, detection rates of harbor porpoises were significantly higher when airguns were 
silent vs. when large or small arrays were operating (Stone 2015).  In addition, harbor porpoises were seen 
farther away from the array when it was operating vs. silent, and were most often seen traveling away from 
the airgun array when it was in operation (Stone 2015). Thompson et al. (2013) reported decreased densities 
and reduced acoustic detections of harbor porpoise in response to a seismic survey in Moray Firth, Scotland, 
at ranges of 5–10 km (SPLs of 165–172 dB re 1 μPa, SELs of 145–151 dB μPa2 · s). For the same survey, 
Pirotta et al. (2014) reported that the probability of recording a porpoise buzz decreased by 15% in the 
ensonified area, and that the probability was positively related to the distance from the seismic ship; the 
decreased buzzing occurrence may indicate reduced foraging efficiency.  Nonetheless, animals returned to 
the area within a few hours (Thompson et al. 2013). In a captive facility, harbor porpoise showed avoidance 
of a pool with elevated sound levels, but search time for prey within that pool was no different than in a 
quieter pool (Kok et al. 2017). 

Kastelein et al. (2013a) reported that a harbor porpoise showed no response to an impulse sound with 
an SEL below 65 dB, but a 50% brief response rate was noted at an SEL of 92 dB and an SPL of 122 dB re 
1 µPa0-peak. However, Kastelein et al. (2012c) reported a 50% detection threshold at a SEL of 60 dB to a 
similar impulse sound; this difference is likely attributable to the different transducers used during the two 
studies (Kastelein et al. 2013c). Van Beest et al. (2018) exposed five harbor porpoise to a single 10 in3 

airgun for 1 min at 2–3 s intervals at ranges of 420–690 m and levels of 135–147 dB μPa2 · s. One porpoise 
moved away from the sound source but returned to natural movement patters within 8 h, and two porpoises 
had shorter and shallower dives but returned to natural behaviors within 24 h.  

Odontocete reactions to large arrays of airguns are variable and, at least for delphinids, seem to be 
confined to a smaller radius than has been observed for the more responsive of the mysticetes and some 
other odontocetes. A 170 dB disturbance criterion (rather than 160 dB) is considered appropriate for 
delphinids, which tend to be less responsive than the more responsive cetaceans. NMFS is developing new 
guidance for predicting behavioral effects (Scholik-Schlomer 2015). As behavioral responses are not 
consistently associated with received levels, some authors have made recommendations on different 
approaches to assess behavioral reactions (e.g., Gomez et al. 2016; Harris et al. 2017; Tyack and Thomas 
2019).  

Pinnipeds 

Pinnipeds are not likely to show a strong avoidance reaction to an airgun array. Visual monitoring 
from seismic vessels has shown only slight (if any) avoidance of airguns by pinnipeds and only slight (if 
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any) changes in behavior. However, telemetry work has suggested that avoidance and other behavioral 
reactions may be stronger than evident to date from visual studies (Thompson et al. 1998). Observations 
from seismic vessels operating large arrays off the U.K. from 1994–2010 showed that the detection rate for 
gray seals was significantly higher when airguns were not operating; for surveys using small arrays, the 
detection rates were similar during seismic vs. non-seismic operations (Stone 2015). No significant 
differences in detection rates were apparent for harbor seals during seismic and non-seismic periods (Stone 
2015). There were no significant differences in CPA distances of grey or harbor seals during seismic vs. 
non-seismic periods (Stone 2015). Lalas and McConnell (2015) made observations of New Zealand fur 
seals from a seismic vessel operating a 3090 in3 airgun array in New Zealand during 2009. However, the 
results from the study were inconclusive in showing whether New Zealand fur seals respond to seismic 
sounds. Reichmuth et al. (2016) exposed captive spotted and ringed seals to single airgun pulses; only mild 
behavioral responses were observed.  

Sea Turtles 

Several recent papers discuss the morphology of the turtle ear (e.g., Christensen-Dalsgaard et al. 
2012; Willis et al. 2013) and the hearing ability of sea turtles (e.g., Martin et al. 2012; Piniak et al. 2012a,b; 
Lavender et al. 2014). The limited available data indicate that sea turtles will hear airgun sounds and 
sometimes exhibit localized avoidance (see PEIS, § 3.4.4.3). In additional, Nelms et al. (2016) suggest that 
sea turtles could be excluded from critical habitats during seismic surveys.  

DeRuiter and Doukara (2012) observed that immediately following an airgun pulse, small numbers 
of basking loggerhead turtles (6 of 86 turtles observed) exhibited an apparent startle response (sudden 
raising of the head and splashing of flippers, occasionally accompanied by blowing bubbles from the beak 
and nostrils, followed by a short dive). Diving turtles (49 of 86 individuals) were observed at distances 
from the center of the airgun array ranging from 50–839 m. The estimated sound level at the median 
distance of 130 m was 191 dB re 1 Papeak. These observations were made during ~150 h of vessel-based 
monitoring from a seismic vessel operating an airgun array (13 airguns, 2440 in3) off Algeria; there was no 
corresponding observation effort during periods when the airgun array was inactive (DeRuiter and Doukara 
2012). 

Based on available data, it is likely that sea turtles will exhibit behavioral changes and/or avoidance 
within an area of unknown size near a seismic vessel. To the extent that there are any impacts on sea turtles, 
seismic operations in or near areas where turtles concentrate would likely have the greatest impact. There 
are no specific data that demonstrate the consequences to sea turtles if seismic operations with large or 
small arrays of airguns occur in important areas at biologically important times of the year. However, a 
number of mitigation measures can, on a case-by-case basis, be considered for application in areas 
important to sea turtles (e.g., Pendoley 1997; van der Wal et al. 2016). 

Hearing Impairment and Other Physical Effects.―Temporary or permanent hearing impairment is 
a possibility when marine mammals are exposed to very strong sounds. TTS has been demonstrated and 
studied in certain captive odontocetes and pinnipeds exposed to strong sounds (reviewed by Southall et al. 
2007; Finneran 2015). However, there has been no specific documentation of TTS let alone permanent 
hearing damage, i.e., PTS, in free-ranging marine mammals exposed to sequences of airgun pulses during 
realistic field conditions. 

Additional data are needed to determine the received sound levels at which small odontocetes would 
start to incur TTS upon exposure to repeated, low-frequency pulses of airgun sound with variable received 
levels. To determine how close an airgun array would need to approach in order to elicit TTS, one would 
(as a minimum) need to allow for the sequence of distances at which airgun pulses would occur, and for the 
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dependence of received SEL on distance in the region of the seismic operation (e.g., Breitzke and Bohlen 
2010; Laws 2012). At the present state of knowledge, it is also necessary to assume that the effect is directly 
related to total received energy (SEL); however, this assumption is likely an over-simplification (Finneran 
2012). There is recent evidence that auditory effects in a given animal are not a simple function of received 
acoustic energy (Finneran 2015). Frequency, duration of the exposure, and occurrence of gaps within the 
exposure can also influence the auditory effect (Finneran and Schlundt 2010, 2011, 2013; Finneran et al. 
2010a,b; Popov et al. 2011, 2013; Ketten 2012; Finneran 2012, 2015; Kastelein et al. 2012a,b; 2013b,c, 
2014, 2015a, 2016a,b, 2017, 2018, 2019a,b; Supin et al. 2016). 

Studies have shown that the SEL required for TTS onset to occur increases with intermittent 
exposures, with some auditory recovery during silent periods between signals (Finneran et al. 2010b; 
Finneran and Schlundt 2011). Studies on bottlenose dolphins by Finneran et al. (2015) indicate that the 
potential for seismic surveys using airguns to cause auditory effects on dolphins could be lower than 
previously thought. Based on behavioral tests, no measurable TTS was detected in three bottlenose 
dolphins after exposure to 10 impulses from a seismic airgun with a cumulative SEL of up to ~195 dB re 
1 µPa2 · s (Finneran et al. 2015; Schlundt et al. 2016).  However, auditory evoked potential measurements 
were more variable; one dolphin showed a small (9 dB) threshold shift at 8 kHz (Finneran et al. 2015; 
Schlundt et al. 2016).  

Studies have also shown that the SEL necessary to elicit TTS can depend substantially on frequency, 
with susceptibility to TTS increasing with increasing frequency above 3 kHz (Finneran and Schlundt 2010, 
2011; Finneran 2012). When beluga whales were exposed to fatiguing noise with sound levels of 165 dB 
re 1 μPa for durations of 1–30 min at frequencies of 11.2–90 kHz, the highest TTS with the longest recovery 
time was produced by the lower frequencies (11.2 and 22.5 kHz); TTS effects also gradually increased with 
prolonged exposure time (Popov et al. 2013). Additionally, Popov et al. (2015) demonstrated that the 
impacts of TTS include deterioration of signal discrimination.  Kastelein et al. (2015b, 2017) reported that 
exposure to multiple pulses with most energy at low frequencies can lead to TTS at higher frequencies in 
some cetaceans, such as the harbor porpoise. When a porpoise was exposed to 10 and 20 consecutive shots 
(mean shot interval ~17 s) from two airguns with a SELcum of 188 and 191 μPa2 · s, respectively, significant 
TTS occurred at a hearing frequency of 4 kHz and not at lower hearing frequencies that were tested, despite 
the fact that most of the airgun energy was <1 kHz; recovery occurred within 12 min post exposure 
(Kastelein et al. 2017). 

Popov et al. (2016) reported that TTS produced by exposure to a fatiguing noise was larger during 
the first session (or naïve subject state) with a beluga whale than TTS that resulted from the same sound in 
subsequent sessions (experienced subject state). Similarly, several other studies have shown that some 
marine mammals (e.g., bottlenose dolphins, false killer whales) can decrease their hearing sensitivity in 
order to mitigate the impacts of exposure to loud sounds (e.g., Nachtigall and Supin 2013, 2014, 2015, 
2016; Nachtigall et al. 2018). 

Previous information on TTS for odontocetes was primarily derived from studies on the bottlenose 
dolphin and beluga, and that for pinnipeds has mostly been obtained from California sea lions and elephant 
seals (see § 3.6.4.3, § 3.7.4.3, § 3.8.4.3 and Appendix E of the PEIS). Thus, it is inappropriate to assume 
that onset of TTS occurs at similar received levels in all cetaceans or pinnipeds (cf. Southall et al. 2007). 
Some cetaceans or pinnipeds could incur TTS at lower sound exposures than are necessary to elicit TTS in 
the beluga and bottlenose dolphin or California sea lion and elephant seal, respectively.  

Several studies on TTS in porpoises (e.g., Lucke et al. 2009; Popov et al. 2011; Kastelein et al. 2012a, 
2013a,b, 2014, 2015a) indicate that received levels that elicit onset of TTS are lower in porpoises than in 
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IV. Environmental Consequences 

other odontocetes. Kastelein et al. (2012a) exposed a harbor porpoise to octave band noise centered at 
4 kHz for extended periods. A 6-dB TTS occurred with SELs of 163 dB and 172 dB for 
low-intensity sound and medium-intensity sound, respectively; high-intensity sound caused a 9-dB TTS at 
a SEL of 175 dB (Kastelein et al. 2012a). Kastelein et al. (2013b) exposed a harbor porpoise to a long, 
continuous 1.5-kHz tone, which induced a 14-dB TTS with a total SEL of 190 dB. Popov et al. (2011) 
examined the effects of fatiguing noise on the hearing threshold of Yangtze finless porpoises when exposed 
to frequencies of 32–128 kHz at 140–160 dB re 1 Pa for 1–30 min. They found that an exposure of higher 
level and shorter duration produced a higher TTS than an exposure of equal SEL but of lower level and 
longer duration. Popov et al. (2011) reported a TTS of 25 dB for a Yangtze finless porpoise that was 
exposed to high levels of 3-min pulses of half-octave band noise centered at 45 kHz with an SEL of 163 dB. 

For the harbor porpoise, Tougaard et al. (2015) have suggested an exposure limit for TTS as an SEL 
of 100–110 dB above the pure tone hearing threshold at a specific frequency; they also suggested an 
exposure limit of Leq-fast (rms average over the duration of the pulse) of 45 dB above the hearing threshold 
for behavioral responses (i.e., negative phonotaxis). In addition, according to Wensveen et al. (2014) and 
Tougaard et al. (2015), M-weighting, as used by Southall et al. (2007), might not be appropriate for the 
harbor porpoise. Thus, Wensveen et al. (2014) developed six auditory weighting functions for the harbor 
porpoise that could be useful in predicting TTS onset. Mulsow et al. (2015) suggested that basing weighting 
functions on equal latency/loudness contours may be more appropriate than M-weighting for marine 
mammals. Simulation modeling to assess the risk of sound exposure to marine mammals (gray seal and 
harbor porpoise) showed that SEL is most strongly influenced by the weighting function (Donovan et al. 
2017). Houser et al. (2017) provide a review of the development and application of auditory weighting 
functions, as well as recommendations for future work.  

Initial evidence from exposures to non-pulses has also suggested that some pinnipeds (harbor seals 
in particular) incur TTS at somewhat lower received levels than do most small odontocetes exposed for 
similar durations (Kastak et al. 1999, 2005, 2008; Ketten et al. 2001). Kastelein et al. (2012b) exposed two 
harbor seals to octave-band white noise centered at 4 kHz at three mean received SPLs of 124, 136, and 
148 dB re 1 µPa; TTS >2.5 dB was induced at an SEL of 170 dB (136 dB SPL for 60 min), and the maximum 
TTS of 10 dB occurred after a 120-min exposure to 148 dB re 1 µPa or an SEL of 187 dB.  Kastelein et al. 
(2013c) reported that a harbor seal unintentionally exposed to the same sound source with a mean received 
SPL of 163 dB re 1 µPa for 1 h induced a 44 dB TTS. For a harbor seal exposed to octave-band white noise 
centered at 4 kHz for 60 min with mean SPLs of 124–148 re 1 µPa, the onset of PTS would require a level 
of at least 22 dB above the TTS onset (Kastelein et al. 2013c). Reichmuth et al. (2016) exposed captive 
spotted and ringed seals to single airgun pulses with SELs of 165–181 dB and SPLs (peak to peak) of 
190–207 re 1 µPa; no low-frequency TTS was observed. Harbor seals may be able to decrease their 
exposure to underwater sound by swimming just below the surface where sound levels are typically lower 
than at depth (Kastelein et al. 2018). 

Hermannsen et al. (2015) reported that there is little risk of hearing damage to harbor seals or harbor 
porpoises when using single airguns in shallow water. Similarly, it is unlikely that a marine mammal would 
remain close enough to a large airgun array for sufficiently long to incur TTS, let alone PTS. However, 
Gedamke et al. (2011), based on preliminary simulation modeling that attempted to allow for various 
uncertainties in assumptions and variability around population means, suggested that some baleen whales 
whose CPA to a seismic vessel is 1 km or more could experience TTS.  

There is no specific evidence that exposure to pulses of airgun sound can cause PTS in any marine 
mammal, even with large arrays of airguns. However, given the possibility that some mammals close to an 
airgun array might incur at least mild TTS, there has been further speculation about the possibility that 
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IV. Environmental Consequences 

some individuals occurring very close to airguns might incur PTS (e.g., Richardson et al. 1995, p. 372ff; 
Gedamke et al. 2011). In terrestrial animals, exposure to sounds sufficiently strong to elicit a large TTS 
induces physiological and structural changes in the inner ear, and at some high level of sound exposure, 
these phenomena become non-recoverable (Le Prell 2012). At this level of sound exposure, TTS grades 
into PTS.  Single or occasional occurrences of mild TTS are not indicative of permanent auditory damage, 
but repeated or (in some cases) single exposures to a level well above that causing TTS onset might elicit 
PTS (e.g., Kastak and Reichmuth 2007; Kastak et al. 2008).  

The noise exposure criteria for marine mammals that were released by NMFS (2016a, 2018a) account 
for the newly-available scientific data on TTS, the expected offset between TTS and PTS thresholds, 
differences in the acoustic frequencies to which different marine mammal groups are sensitive, and other 
relevant factors. For impulsive sounds, such as airgun pulses, the thresholds use dual metrics of cumulative 
SEL (SELcum over 24 hours) and Peak SPLflat. Onset of PTS is assumed to be 15 dB higher when 
considering SELcum and 6 dB higher when considering SPLflat. Different thresholds are provided for the 
various hearing groups, including LF cetaceans (e.g., baleen whales), MF cetaceans (e.g., most delphinids), 
HF cetaceans (e.g., porpoise and Kogia spp.), phocids underwater (PW), and otariids underwater (OW).  

Nowacek et al. (2013a) concluded that current scientific data indicate that seismic airguns have a 
low probability of directly harming marine life, except at close range. Several aspects of the planned 
monitoring and mitigation measures for this project are designed to detect marine mammals occurring near 
the airgun array, and to avoid exposing them to sound pulses that might, at least in theory, cause hearing 
impairment. Also, many marine mammals and (to a limited degree) sea turtles show some avoidance of 
the area where received levels of airgun sound are high enough such that hearing impairment could 
potentially occur. In those cases, the avoidance responses of the animals themselves would reduce or (most 
likely) avoid any possibility of hearing impairment. Aarts et al. (2016) noted that an understanding of 
animal movement is necessary in order to estimate the impact of anthropogenic sound on cetaceans. 

Non-auditory physical effects may also occur in marine mammals exposed to strong underwater 
pulsed sound. Possible types of non-auditory physiological effects or injuries that might (in theory) occur 
in mammals close to a strong sound source include stress, neurological effects, bubble formation, and other 
types of organ or tissue damage. Gray and Van Waerebeek (2011) have suggested a cause-effect 
relationship between a seismic survey off Liberia in 2009 and the erratic movement, postural instability, 
and akinesia in a pantropical spotted dolphin based on spatially and temporally close association with the 
airgun array. It is possible that some marine mammal species (i.e., beaked whales) are especially 
susceptible to injury and/or stranding when exposed to strong transient sounds (e.g., Southall et al. 2007). 
Ten cases of cetacean strandings in the general area where a seismic survey was ongoing have led to 
speculation concerning a possible link between seismic surveys and strandings (Castellote and Llorens 
2016). An analysis of stranding data found that the number of long-finned pilot whale strandings along 
Ireland’s coast increased with seismic surveys operating offshore (McGeady et al. 2016). However, there 
is no definitive evidence that any of these effects occur even for marine mammals in close proximity to 
large arrays of airguns. Morell et al. (2017) examined the inner ears of long-finned pilot whales after a 
mass stranding in Scotland and reported damage to the cochlea compatible with over-exposure from 
underwater noise; however, no seismic surveys were occurring in the vicinity in the days leading up to the 
stranding. 

Since 1991, there have been 70 Marine Mammal Unusual Mortality Events (UME) in the U.S. 
(NOAA 2019j).  In a hearing to examine the Bureau of Ocean Energy Management’s 2017–2022 OCS Oil 
and Gas Leasing Program (http://www.energy.senate.gov/public/index.cfm/hearings-and-business-
meetings?ID =110E5E8F-3A65-4BEC-9D25-5D843A0284D3), it was Dr. Knapp’s (a geologist from the 

Final Environmental Assessment/Analysis for L-DEO Cascadia Subduction Zone, 2021 Page 85 

http://www.energy.senate.gov/public/index.cfm/hearings-and-business


  

        
      

 

          
            

  
 

     
 

 

         
     

       
       

       
       

   
  

        
   

 

        
       

       
        

       
         

         
  

           
 

       

       
       

          
    

    
      
        

     
         

   
           

      

IV. Environmental Consequences 

University of South Carolina) interpretation that there was no evidence to suggest a correlation between 
UMEs and seismic surveys given the similar percentages of UMEs in the Pacific, Atlantic, and Gulf of 
Mexico, and the greater activity of oil and gas exploration in the Gulf of Mexico. 

Non-auditory effects, if they occur at all, would presumably be limited to short distances and to 
activities that extend over a prolonged period. Marine mammals that show behavioral avoidance of seismic 
vessels, including most baleen whales, some odontocetes, and some pinnipeds, are especially unlikely to 
incur non-auditory physical effects.  The brief duration of exposure of any given mammal and the planned 
monitoring and mitigation measures would further reduce the probability of exposure of marine mammals 
to sounds strong enough to induce non-auditory physical effects. 

Sea Turtles 

There is substantial overlap in the frequencies that sea turtles detect versus the frequencies in airgun 
pulses. We are not aware of measurements of the absolute hearing thresholds of any sea turtle to waterborne 
sounds similar to airgun pulses. In the absence of relevant absolute threshold data, we cannot estimate how 
far away an airgun array might be audible. Moein et al. (1994) and Lenhardt (2002) reported TTS for 
loggerhead turtles exposed to many airgun pulses (see § 3.4.4 of the PEIS). This suggests that sounds from 
an airgun array might cause temporary hearing impairment in sea turtles if they do not avoid the (unknown) 
radius where TTS occurs (see Nelms et al. 2016). However, exposure duration during the proposed surveys 
would be much less than during the aforementioned studies. Also, recent monitoring studies show that 
some sea turtles do show localized movement away from approaching airguns. At short distances from the 
source, received sound level diminishes rapidly with increasing distance. In that situation, even a 
small-scale avoidance response could result in a significant reduction in sound exposure. 

The U.S. Navy has proposed the following criteria for the onset of hearing impairment for sea turtles: 
232 dB re 1 µPa SPL (peak) and 204 dB re 1 μPa²·s SELcum (weighted) for PTS; and 226 dB peak and 189 
dB weighted SEL for TTS (USN 2017). Although it is possible that exposure to airgun sounds could cause 
mortality or mortal injuries in sea turtles close to the source, this has not been demonstrated and seems 
highly unlikely (Popper et al. 2014), especially because sea turtles appear to be resistant to explosives 
(Ketten et al. 2005 in Popper et al. 2014). Nonetheless, Popper et al. (2014) proposed sea turtle 
mortality/mortal injury criteria of 210 dB SEL or >207 dBpeak for sounds from seismic airguns; however, 
these criteria were largely based on impacts of pile-driving sound on fish. 

The PSOs stationed on R/V Langseth would watch for sea turtles, and airgun operations would be 
shut down if a turtle enters the designated EZ. 

4.1.1.2 Possible Effects of Other Acoustic Sources 

The Kongsberg EM 122 MBES and Knudsen Chirp 3260 SBP would be operated from the source 
vessel during the proposed surveys. Information about this equipment was provided in § 2.2.3.1 of the 
PEIS. A review of the expected potential effects (or lack thereof) of MBESs, SBPs, and pingers on marine 
mammals and sea turtles appears in § 3.4.4.3, § 3.6.4.3, § 3.7.4.3, § 3.8.4.3, and Appendix E of the PEIS. 

There has been some recent attention given to the effects of MBES on marine mammals, as a result 
of a report issued in September 2013 by an IWC independent scientific review panel linking the operation 
of an MBES to a mass stranding of melon-headed whales off Madagascar (Southall et al. 2013). During 
May–June 2008, ~100 melon-headed whales entered and stranded in the Loza Lagoon system in northwest 
Madagascar at the same time that a 12-kHz MBES survey was being conducted ~65 km away off the coast. 
In conducting a retrospective review of available information on the event, an independent scientific review 
panel concluded that the Kongsberg EM 120 MBES was the most plausible behavioral trigger for the 
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IV. Environmental Consequences 

animals initially entering the lagoon system and eventually stranding. The independent scientific review 
panel, however, identified that an unequivocal conclusion on causality of the event was not possible because 
of the lack of information about the event and a number of potentially contributing factors. Additionally, 
the independent review panel report indicated that this incident was likely the result of a complicated 
confluence of environmental, social, and other factors that have a very low probability of occurring again 
in the future, but recommended that the potential be considered in environmental planning. It should be 
noted that this event is the first known marine mammal mass stranding closely associated with the operation 
of an MBES. Leading scientific experts knowledgeable about MBES expressed concerns about the 
independent scientific review panel analyses and findings (Bernstein 2013). 

Reference has also been made that two beaked whales stranded in the Gulf of California in 2002 
were observed during a seismic survey in the region by the R/V Ewing (Malakoff 2002, Cox et al. 2006 in 
PEIS:3-136), which used a similar MBES system. As noted in the PEIS, however, “The link between the 
stranding and the seismic surveys was inconclusive and not based on any physical evidence” 
(Hogarth 2002, Yoder 2002 in PEIS:3-190). 

Lurton (2016) modeled MBES radiation characteristics (pulse design, source level, and radiation 
directivity pattern) applied to a low-frequency (12-kHz), 240-dB source-level system like that used on R/V 
Langseth. Using Southall et al. (2007) thresholds, he found that injury impacts were possible only at very 
short distances, e.g., at 5 m for maximum SPL and 12 m for cumulative SEL for cetaceans; corresponding 
distances for behavioral response were 9 m and 70 m. For pinnipeds, “all ranges are multiplied by a factor 
of 4” (Lurton 2016:209). 

There is nearly no available information on marine mammal behavioral responses to MBES sounds 
(Southall et al. 2013) or sea turtle responses to MBES systems.  Much of the literature on marine mammal 
response to sonars relates to the types of sonars used in naval operations, including low-frequency, 
mid-frequency, and high-frequency active sonars (see review by Southall et al. 2016). However, the MBES 
sounds are quite different from naval sonars. Ping duration of the MBES is very short relative to naval 
sonars. Also, at any given location, an individual marine mammal would be in the beam of the MBES for 
much less time given the generally downward orientation of the beam and its narrow fore-aft beamwidth; 
naval sonars often use near-horizontally-directed sound. In addition, naval sonars have higher duty cycles.  
These factors would all reduce the sound energy received from the MBES relative to that from naval sonars. 

During a recent study, group vocal periods (GVP) were used as proxies to assess foraging behavior 
of Cuvier’s beaked whales during multibeam mapping in southern California (Varghese et al. 2019). The 
study found that there was no significant difference between GVP during multibeam mapping and 
non-exposure periods, but the number of GVP was significantly greater after MBES exposure than before 
MBES exposure. During an analogous study assessing Naval sonar (McCarthy et al. 2011), significantly 
fewer GVPs were recorded during sonar transmission (McCarthy et al. 2011; Varghese et al. 2019). 

In the fall of 2006, an Ocean Acoustic Waveguide Remote Sensing (OAWRS) experiment was 
carried out in the Gulf of Maine (Gong et al. 2014); the OAWRS emitted three frequency-modulated (FM) 
pulses centered at frequencies of 415, 734, and 949 Hz (Risch et al. 2012). Risch et al. (2012) found a 
reduction in humpback whale song in the Stellwagen Bank National Marine Sanctuary during OAWRS 
activities that were carried out ~200 km away; received levels in the sanctuary were 88–110 dB re 1 µPa. 
In contrast, Gong et al. (2014) reported no effect of the OAWRS signals on humpback whale vocalizations 
in the Gulf of Maine. Range to the source, ambient noise, and/or behavioral state may have differentially 
influenced the behavioral responses of humpbacks in the two areas (Risch et al. 2014).  
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IV. Environmental Consequences 

Deng et al. (2014) measured the spectral properties of pulses transmitted by three 200-kHz 
echosounders and found that they generated weaker sounds at frequencies below the center frequency 
(90–130 kHz). These sounds are within the hearing range of some marine mammals, and the authors 
suggested that they could be strong enough to elicit behavioral responses within close proximity to the 
sources, although they would be well below potentially harmful levels. Hastie et al. (2014) reported 
behavioral responses by gray seals to echosounders with frequencies of 200 and 375 kHz. Short-finned 
pilot whales increased their heading variance in response to an EK60 echosounder with a resonant 
frequency of 38 kHz (Quick et al. 2017), and significantly fewer beaked whale vocalizations were detected 
while an EK60 echosounder was active vs. passive (Cholewiak et al. 2017).    

Despite the aforementioned information that has recently become available, this Final EA remains 
in agreement with the assessment presented in § 3.4.7, 3.6.7, 3.7.7, and 3.8.7 of the PEIS that operation of 
MBESs, SBPs, and pingers is not likely to impact marine mammals and is not expected to affect sea turtles, 
(1) given the lower acoustic exposures relative to airguns and (2) because the intermittent and/or narrow 
downward-directed nature of these sounds would result in no more than one or two brief ping exposures of 
any individual marine mammal or sea turtle given the movement and speed of the vessel. Also, for sea 
turtles, the associated frequency ranges are above their known hearing range. 

4.1.1.3 Other Possible Effects of Seismic Surveys 

Other possible effects of seismic surveys on marine mammals and/or sea turtles include masking by 
vessel noise, disturbance by vessel presence or noise, and injury or mortality from collisions with vessels 
or entanglement in seismic gear. 

Vessel noise from R/V Langseth could affect marine animals in the proposed survey area. Houghton 
et al. (2015) proposed that vessel speed is the most important predictor of received noise levels, and Putland 
et al. (2018) also reported reduced sound levels with decreased vessel speed. Sounds produced by large 
vessels generally dominate ambient noise at frequencies from 20–300 Hz (Richardson et al. 1995). 
However, some energy is also produced at higher frequencies (Hermannsen et al. 2014); low levels of 
high-frequency sound from vessels have been shown to elicit responses in harbor porpoise (Dyndo et al. 
2015). Increased levels of ship noise also affect foraging by porpoise (Teilmann et al. 2015; Wisniewska 
et al. 2018). Wisniewska et al. (2018) suggest that a decrease in foraging success could have long-term 
fitness consequences. 

Ship noise, through masking, can reduce the effective communication distance of a marine mammal 
if the frequency of the sound source is close to that used by the animal, and if the sound is present for a 
significant fraction of time (e.g., Richardson et al. 1995; Clark et al. 2009; Jensen et al. 2009; Gervaise et 
al. 2012; Hatch et al. 2012; Rice et al. 2014; Dunlop 2015; Erbe et al. 2016; Jones et al. 2017; Putland et 
al. 2017; Cholewiak et al. 2018). In addition to the frequency and duration of the masking sound, the 
strength, temporal pattern, and location of the introduced sound also play a role in the extent of the masking 
(Branstetter et al. 2013, 2016; Finneran and Branstetter 2013; Sills et al. 2017). Branstetter et al. (2013) 
reported that time-domain metrics are also important in describing and predicting masking. In order to 
compensate for increased ambient noise, some cetaceans are known to increase the source levels of their 
calls in the presence of elevated noise levels from shipping, shift their peak frequencies, or otherwise change 
their vocal behavior (e.g., Parks et al. 2011, 2012, 2016a,b; Castellote et al. 2012; Melcón et al. 2012; 
Azzara et al. 2013; Tyack and Janik 2013; Luís et al. 2014; Sairanen 2014; Papale et al. 2015; Bittencourt 
et al. 2016; Dahlheim and Castellote 2016; Gospić and Picciulin 2016; Gridley et al. 2016; Heiler et al. 2016; 
Martins et al. 2016; O’Brien et al. 2016; Tenessen and Parks 2016; Fornet et al. 2018). Similarly, harbor 
seals increased the minimum frequency and amplitude of their calls in response to vessel noise (Matthews 
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IV. Environmental Consequences 

2017); however, harp seals did not increase their call frequencies in environments with increased 
low-frequency sounds (Terhune and Bosker 2016).  

Holt et al. (2015) reported that changes in vocal modifications can have increased energetic costs for 
individual marine mammals. A negative correlation between the presence of some cetacean species and 
the number of vessels in an area has been demonstrated by several studies (e.g., Campana et al. 2015; 
Culloch et al. 2016; Oakley et al. 2017). Based on modeling, Halliday et al. (2017) suggested that shipping 
noise can be audible more than 100 km away and could affect the behavior of a marine mammal at a distance 
of 52 km in the case of tankers.   

Baleen whales are thought to be more sensitive to sound at these low frequencies than are toothed 
whales (e.g., MacGillivray et al. 2014), possibly causing localized avoidance of the proposed survey areas 
during seismic operations. Reactions of gray and humpback whales to vessels have been studied, and there 
is limited information available about the reactions of right whales and rorquals (fin, blue, and minke 
whales). Reactions of humpback whales to boats are variable, ranging from approach to avoidance (Payne 
1978; Salden 1993). Baker et al. (1982, 1983) and Baker and Herman (1989) found humpbacks often move 
away when vessels are within several kilometers. Humpbacks seem less likely to react overtly when 
actively feeding than when resting or engaged in other activities (Krieger and Wing 1984, 1986). Increased 
levels of ship noise have been shown to affect foraging by humpback whales (Blair et al. 2016), and physical 
presence of vessels, not just ship noise, has been shown to disturb the foraging activity of blue whales 
(Lesage et al. 2017). Fin whale sightings in the western Mediterranean were negatively correlated with the 
number of vessels in the area (Campana et al. 2015). Minke whales and gray seals have shown slight 
displacement in response to construction-related vessel traffic (Anderwald et al. 2013). 

Many odontocetes show considerable tolerance of vessel traffic, although they sometimes react at 
long distances if confined by ice or shallow water, if previously harassed by vessels, or have had little or 
no recent exposure to ships (Richardson et al. 1995). Dolphins of many species tolerate and sometimes 
approach vessels (e.g., Anderwald et al. 2013). Some dolphin species approach moving vessels to ride the 
bow or stern waves (Williams et al. 1992). Physical presence of vessels, not just ship noise, has been shown 
to disturb the foraging activity of bottlenose dolphins (Pirotta et al. 2015). Sightings of striped dolphin, 
Risso’s dolphin, sperm whale, and Cuvier’s beaked whale in the western Mediterranean were negatively 
correlated with the number of vessels in the area (Campana et al. 2015). Killer whales rarely show avoidance 
to boats within 400 m (Duffus and Dearden 1993), but when more than one boat is nearby, they sometimes 
swim faster towards less confined waters (e.g., Williams et al. 2002a,b). Killer whales have also been 
shown to increase travelling and decrease foraging behavior because of the presence of nearby vessels 
(Williams et al. 2002a,b, 2009; Lusseau et al. 2009; Noren et al. 2009; Holt et al. 2021).  

There are few data on the behavioral reactions of beaked whales to vessel noise, though they seem 
to avoid approaching vessels (e.g., Würsig et al. 1998) or dive for an extended period when approached by 
a vessel (e.g., Kasuya 1986). Based on a single observation, Aguilar Soto et al. (2006) suggest foraging 
efficiency of Cuvier’s beaked whales may be reduced by close approach of vessels. Tyson et al. (2017) 
suggested that a juvenile green sea turtle dove during vessel passes and remained still near the sea floor.   

The PEIS concluded that project vessel sounds would not be at levels expected to cause anything 
more than possible localized and temporary behavioral changes in marine mammals or sea turtles, and 
would not be expected to result in significant negative effects on individuals or at the population level. In 
addition, in all oceans of the world, large vessel traffic is currently so prevalent that it is commonly 
considered a usual source of ambient sound. 
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IV. Environmental Consequences 

Another concern with vessel traffic is the potential for striking marine mammals or sea turtles 
(e.g., Redfern et al. 2013). Information on vessel strikes is reviewed in § 3.4.4.4, § 3.6.4.4, and § 3.8.4.4 
of the PEIS. Reducing ship speed drastically reduced the overall risk of ship strikes (Wiley et al. 2016; 
Leaper et al. 2019). Similarly, Currie et al. (2017) found a significant decrease in close encounters with 
humpback whales in the Hawaiian Islands, and therefore reduced likelihood of ship strike, when vessels 
speeds were below 12.5 kt. However, McKenna et al. (2015) noted the potential absence of lateral 
avoidance demonstrated by blue whales and perhaps other large whale species to vessels. The PEIS 
concluded that the risk of collision of seismic vessels or towed/deployed equipment with marine mammals 
or sea turtles exists but is extremely unlikely, because of the relatively slow operating speed (typically 7– 
9 km/h) of the vessel during seismic operations, and the generally straight-line movement of the seismic 
vessel.  There has been no history of marine mammal vessel strikes with R/V Langseth, or its predecessor, 
R/V Maurice Ewing over the last two decades. 

Entanglement of sea turtles in seismic gear is also a concern (Nelms et al. 2016). There have been 
reports of turtles being trapped and killed between the gaps in tail-buoys offshore from West Africa 
(Weir 2007); however, these tailbuoys are significantly different than those used on R/V Langseth. In April 
2011, a dead olive ridley turtle was found in a deflector foil of the seismic gear on R/V Langseth during 
equipment recovery at the conclusion of a survey off Costa Rica, where sea turtles were numerous. Such 
incidents are possible, but that was the only case of sea turtle entanglement in seismic gear for R/V 
Langseth, which has been conducting seismic surveys since 2008, or for its predecessor, R/V Maurice 
Ewing, during 2003–2007. Towing the seismic equipment during the proposed surveys is not expected to 
significantly interfere with sea turtle movements, including migration. 

4.1.1.4 Mitigation Measures 

Several mitigation measures are built into the proposed seismic surveys as an integral part of the 
planned activity. These measures include the following: ramp ups; typically two, however a minimum of 
one dedicated observer maintaining a visual watch during all daytime airgun operations; two observers for 
30 min before and during ramp ups in U.S. waters and for 60 min before and during ramp ups in Canadian 
waters; PAM during the day and night to complement visual monitoring (unless the system is temporarily 
damaged during operations); shut downs when marine mammals are detected in or about to enter designated 
EZ; and power downs (or if necessary shut downs) when sea turtles or listed seabird species are detected in 
or about to enter the EZ. These mitigation measures are described in § 2.4.4.1 of the PEIS and summarized 
earlier in this document, in § II (2.1.3), along with the special mitigation measures required. The fact that 
the airgun array, because of its design, would direct the majority of the energy downward, and less energy 
laterally, is also an inherent mitigation measure. 

Previous and subsequent analysis of the potential impacts takes account of these planned mitigation 
measures. It would not be meaningful to analyze the effects of the planned activity without mitigation, as 
the mitigation (and associated monitoring) measures are a basic part of the activity and would be 
implemented under the Proposed Action. 
4.1.1.5 Potential Numbers of Marine Mammals Exposed to Received Sound Levels 160 dB 

All takes would be anticipated to be Level B “takes by harassment” as described in § I, involving 
temporary changes in behavior. Consistent with past similar proposed actions, NSF has followed the 
NOAA Technical Guidance for Assessing the Effects of Anthropogenic Sound on Marine Mammal Hearing 
for estimating Level A takes. Although NMFS may issue Level A takes for the remote possibility of 
low-level physiological effects, because of the characteristics of the proposed activities and the proposed 
monitoring and mitigation measures, in addition to the general avoidance by marine mammals of loud 

Final Environmental Assessment/Analysis for L-DEO Cascadia Subduction Zone, 2021 Page 90 



  

    
        

   
          

    
        

    

        
      

     
  

      
     

     
     

  
 

   
        

         
        

    
           

  
       

       
       

             
          

   

   
     

   
       

          
              

     
      

           
    

            
      

          
      

      

IV. Environmental Consequences 

sounds, injurious takes would not be expected. (However, as noted earlier and in the PEIS, there is no 
specific information demonstrating that injurious Level A “takes” would occur even in the absence of the 
planned mitigation measures.) In the sections below, we describe methods to estimate the number of 
potential exposures to Level A and Level B sound levels and present estimates of the numbers of marine 
mammals that could be affected during the proposed seismic surveys. The estimates are based on 
consideration of the number of marine mammals that could be harassed by sound (Level B takes) produced 
by the seismic surveys but exclude potential takes in Canadian Territorial Waters. 

The Level B estimates are based on a consideration of the number of marine mammals that could be 
within the area around the operating airgun array where received levels of sound ≥160 dB re 1 µParms are 
predicted to occur (see Table 1). The estimated numbers are based on the densities (numbers per unit area) 
of marine mammals expected to occur in the survey area in the absence of a seismic survey.  To the extent 
that marine mammals tend to move away from seismic sources before the sound level reaches the criterion 
level and tend not to approach an operating airgun array, these estimates likely overestimate the numbers 
actually exposed to the specified level of sound. The overestimation is expected to be particularly large 
when dealing with the higher sound level criteria, i.e., the PTS thresholds (Level A), as animals are more 
likely to move away when received levels are higher. Thus, they are less likely to approach within the PTS 
threshold radii than they are to approach within the considerably larger ≥160 dB (Level B) radius.  

Extensive systematic aircraft- and ship-based surveys have been conducted for marine mammals in 
offshore waters of Oregon and Washington (e.g., Bonnell et al. 1992; Green et al. 1992, 1993; Barlow 1997, 
2003; Barlow and Taylor 2001; Calambokidis and Barlow 2004; Barlow and Forney 2007; Forney 2007; 
Barlow 2010). Ship surveys for cetaceans in slope and offshore waters of Oregon and Washington were 
conducted by NMFS/SWFSC in 1991, 1993, 1996, 2001, 2005, 2008, and 2014 and synthesized by Barlow 
(2016); these surveys were conducted up to ~556 km from shore from June or August to November or 
December. These data were used by SWFSC to develop spatial models of cetacean densities for the CCE. 
Systematic, offshore, at-sea survey data for pinnipeds are more limited; the most comprehensive studies are 
reported by Bonnell et al. (1992) based on systematic aerial surveys conducted in 1989–1990. In B.C., 
several systematic surveys have been conducted in coastal waters (e.g., Williams and Thomas 2007; Ford 
et al. 2010a; Best et al. 2015; Harvey et al. 2017). Surveys in coastal as well as offshore waters were 
conducted by DFO during 2002 to 2008; however, little effort occurred off the west coast of Vancouver 
Island during late spring/summer (Ford et al. 2010a). 

The U.S. Navy primarily used SWFSC spatial models to develop a marine species density database 
for the Northwest Training and Testing Study Area (USN 2019a), which encompasses the U.S. portion of 
the proposed survey area; if no density spatial modeling was available, other data sources were used (USN 
2019a). The USN marine species density database is at this time the most comprehensive density data set 
available for the CCE. However, GIS data layers are currently unavailable for the database; thus, in this 
analysis the USN data were used only for species for which density data were not available from an 
alternative spatially-explicit model (e.g., minke, sei, gray, false killer, killer, and short-finned pilot whales, 
Kogia spp., and pinnipeds). As recommended by NMFS, spatially-explicit density data from the NOAA 
CetSound website (NOAA 2019k) were used for most other species (i.e., humpback, blue, fin, sperm, 
Baird’s beaked, and other small beaked whales; bottlenose, striped, short-beaked common, Pacific white-
sided, Risso’s, and northern right whale dolphins; and Dall’s porpoise). CetMap (https://cetsound.noaa.gov/cda) 
provides output from habitat-based density models for cetaceans in the CCE. As CetMap provides output 
from habitat-based density models for cetaceans in the CCE (Becker et al. 2016) in the form of GIS layers; 
these were used to calculate takes in the survey area. As CetMap did not have a spatially-explicit GIS 
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IV. Environmental Consequences 

density layer for the harbor porpoise, densities from Forney et al. (2014) were used for that species. 
Densities used in the analysis are shown in Table B-1 of Appendix B. 

Oceanographic conditions, including occasional El Niño and La Niña events, influence the 
distribution and numbers of marine mammals present in the North Pacific Ocean, resulting in considerable 
year-to-year variation in the distribution and abundance of many marine mammal species (Forney and 
Barlow 1998; Buchanan et al. 2001; Ferrero et al. 2002; Philbrick et al. 2003; Escorza-Treviño 2009). 
Thus, for some species, the densities derived from past surveys may not be representative of the densities 
that would be encountered during the proposed seismic surveys. However, the approach used here is based 
on the best available data. 

The estimated numbers of individuals potentially exposed are based on the 160-dB re 1 μParms 

criterion for all marine mammals. It is assumed that marine mammals exposed to airgun sounds that strong 
could change their behavior sufficiently to be considered “taken by harassment”. Table 8 shows the 
estimates of the number of marine mammals that potentially could be exposed to ≥160 dB re 1 μParms during 
the proposed seismic surveys if no animals moved away from the survey vessel (see Appendix B for more 
details). These are based on revised seismic transects (as shown in Fig. 1) and changes made to the 
mitigation radii after the Draft EA was released. When seasonal densities were available, the calculated 
exposures were based on late spring/summer densities, which were deemed to be most representative of the 
proposed survey timing. It should be noted that the exposure estimates assume that the proposed surveys 
would be completed in their entirety. Thus, the following estimates of the numbers of marine mammals 
potentially exposed to sounds ≥160 dB re 1 μParms are precautionary and probably overestimate the actual 
numbers of marine mammals that could be involved.  

Consideration should be given to the hypothesis that delphinids are less responsive to airgun sounds 
than are mysticetes, as referenced in the NSF/USGS PEIS. The 160-dBrms criterion currently applied by 
NMFS, on which the Level B estimates are based, was developed primarily using data from gray and 
bowhead whales. The estimates of “takes by harassment” of delphinids are thus considered precautionary. 
Available data suggest that the current use of a 160-dB criterion could be improved upon, as behavioral 
response might not occur for some percentage of marine mammals exposed to received levels >160 dB, 
whereas other individuals or groups might respond in a manner considered as “taken” to sound levels <160 
dB (NMFS 2013b). It has become evident that the context of an exposure of a marine mammal to sound 
can affect the animal’s initial response to the sound (NMFS 2013b). 

The number of marine mammals that could be exposed to airgun sounds with received levels 
160 dB re 1 µParms (Level B) for marine mammals on one or more occasions have been calculating based 
on the marine area that would be within the Level B threshold around the operating seismic source, along 
with the expected density of animals in the area. The area expected to be ensonified was determined by 
entering the planned survey lines into a MapInfo GIS, using GIS to identify the relevant areas by “drawing” 
the applicable 160-dB (Table 1) and PTS threshold buffers (Table 2) around each line (see Appendix B). 
The approach assumes that no marine mammals would move away or toward the trackline in response to 
increasing sound levels before the levels reach the specific thresholds as R/V Langseth approaches. 

After elimination of several transect lines in shallow water, NSF expects no takes of sea otters as no 
regularly-used sea otter habitat would be expected to be ensonified during the proposed survey.  However, 
USFWS estimated that there could be 13 sea otter takes during the proposed surveys (see Appendix D). As 
all sea otter habitat in B.C. that was estimated to be ensonified occurred within Canadian Territorial Waters, 
no takes were calculated for B.C. 
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IV. Environmental Consequences 

TABLE 8. Estimates of the possible numbers of individual marine mammals and sea turtles that could be 
exposed to Level B and Level A thresholds for various hearing groups during the proposed seismic surveys 
in the Northeast Pacific Ocean during late spring/summer 2021. Takes for Canadian Territorial Waters are 
not included here.  Species in italics are listed under the ESA as endangered or threatened. 

Level B1 Level A2

LF Cetaceans
North Pacific right whale 0 0 400 0 0

Humpback whale 5
111 28 10,103 1.4 139

Blue whale 40 11 1,496 3.4 51

Fin whale 94 1 18,680 0.5 95

Sei whale 30 2 27,197 0.1 32

Minke whale 96 7 20,000 0.5 103
Gray whale 43 1 26,960 0.2 44

MF Cetaceans
Sperm whale 72 0 26,300 0.3 72

Baird's beaked whale 84 0 2,697 3.1 84
Small beaked whale6 242 0 6,318 3.8 242
Bottlenose dolphin7 1 0 1,924 0 13
Striped dolphin7 7 0 29,211 0 46
Short-beaked common dolphin7 112 0 969,861 0 179
Pacific white-sided dolphin 6,084 9 48,974 12.4 6,093
Northern right-whale dolphin 4,318 2 26,556 16.3 4,320
Risso’s dolphin 1,664 5 6,336 26.3 1,669
False killer whale8 N.A. N.A. N.A. N.A. 5
Killer whale9 73 0 918 8.0 73
Short-finned pilot whale7 20 0 836 2.4 29

HF Cetaceans
Pygmy/dwarf sperm whale 125 5 4,111 3.2 130
Dall's porpoise 9,762 488 31,053 33.0 10,250
Harbor porpoise 7,958 283 53,773 15.3 8,241

Otariid Seals
Northern fur seal 4,416 8 620,660 0.7 4,424
Guadalupe fur seal 10 2,033 15 34,187 6.0 2,048

California sea lion 888 1 257,606 0.3 889
Steller sea lion 7,255 249 77,149 9.7 7,504

Phocid Seal
Northern elephant seal 2,735 19 179,000 1.5 2,754
Harbor seal 3,865 22 129,732 3.0 3,887

Fissiped
Northern Sea Otter11 N.A. N.A. 2,928 0.4 13

Sea Turtle
Leatherback turtle 3 0 N.A. N.A. 3

Requested Take 
Authorization4

Regional 
Population 

Size

Calculated Take

Species

Level B + 
Level A as 
% of Pop.3

N.A. means not applicable or not available. 1Level B takes, based on the 160-dB criterion, excluding exposures to sound levels 
equivalent to PTS thresholds. 2Level A takes if there were no mitigation measures. 3Requested take authorization is Level A plus Level 
B calculated takes, used by NMFS as proxy for number of individuals exposed. 4Requested take authorization (Level A + Level B) 
expressed as % of population off California/Oregon/Washington, Eastern North Pacific, or U.S. stock (see Table 5). 5All takes are 
assumed to be from the ESA-listed Central America and Mexico DPSs. 6 Requested take includes 7 Blainville’s, 84 Stejneger’s, 84 
Cuvier’s, and 67 Hubbs’ beaked whales (see Appendix B). 7Requested take increased to mean group size (Barlow 2016). 8Requested 
take increased to mean group size (Mobley et al. 2000). 9Includes individuals from all stocks; NMFS calculated that there would be 
10 takes of killer whales from the southern resident stock (see Appendix C). 10This is an overestimate, as Guadalupe fur seals are not 
expected to occur in Canadian waters. 11Takes calculated by USFWS (see Appendix D). 
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IV. Environmental Consequences 

Estimates of the numbers of marine mammals and sea turtles that could be exposed to seismic sounds 
with received levels equal to Level A thresholds for various hearing groups (see Table 2), if there were no 
mitigation measures (shut downs when PSOs detected animals approaching or inside the EZs), are also 
given in Table 8. Those numbers likely overestimate actual Level A takes because the predicted Level A 
EZs are small and mitigation measures would further reduce the chances of, if not eliminate, any such takes. 
In addition, most marine mammals would move away from a sound source before they are exposed to sound 
levels that could result in a Level A take. Dall’s porpoise could be more susceptible to exposure to sound 
levels that exceed the PTS threshold than other marine mammals, as it is known to approach vessels to 
bowride. However, Level A takes are considered highly unlikely for most marine mammal species that 
could be encountered in the proposed survey area.  

Although the % of the population estimated to be ensonified during the surveys are large for Risso’s 
dolphin (26.3%) and Dall’s porpoise (~33.0%), these are likely overestimates. As noted above, densities 
derived from past surveys may not be representative of the densities that would be encountered during the 
proposed seismic surveys because of considerable year-to-year variability in oceanographic conditions.  If 
densities from Barlow (2016) are used, the calculations result in takes of 14.8% of the population for Risso’s 
dolphin, and 17.1% of the Dall’s porpoise population; depending on the oceanographic conditions during 
the survey, these estimates may be more representative. In addition, the individuals are wide-ranging, and 
it is likely that some individuals would be ensonified multiple times instead of many different individuals 
being exposed during the survey. Also, only two sightings of 10 Risso’s dolphins were seen during the 
L-DEO surveys off Washington/Oregon late spring/summer 2012 (RPS 2012a,b,c). 

4.1.1.6 Conclusions for Marine Mammals and Sea Turtles 

The proposed seismic surveys would involve towing a 36-airgun array, which introduces pulsed sounds 
into the ocean. Routine vessel operations, other than the proposed seismic operations, are conventionally 
assumed not to affect marine mammals sufficiently to constitute “taking”. 

Marine Mammals.—In § 3.6.7, § 3.7.7, § 3.8.7, and § 3.9.7 of the PEIS concluded that airgun 
operations with implementation of the proposed monitoring and mitigation measures could result in a small 
number of Level B behavioral effects in some mysticete, odontocete, and pinniped species, as well as sea 
otters, and that Level A effects were highly unlikely. Consistent with past similar proposed actions, NSF 
has followed the Technical Guidance for Assessing the Effects of Anthropogenic Sound on Marine Mammal 
Hearing for estimating Level A takes for the Proposed Action, however, following a different methodology 
than used in the PEIS and most previous analyses for NSF-funded seismic surveys. For recently 
NSF-funded seismic surveys, NMFS issued small numbers of Level A take for some marine mammal 
species for the remote possibility of low-level physiological effects; however, NMFS expected neither 
mortality nor serious injury of marine mammals to result from the surveys (e.g., NMFS 2019b,c). 

In this analysis, estimates of the numbers of marine mammals that could be exposed to airgun sounds 
during the proposed program have been presented, together with the requested “take authorization”. The 
estimated numbers of animals potentially exposed to sound levels sufficient to cause Level A and/or B 
harassment are low percentages of the regional population sizes (Table 8). The proposed activities are 
likely to adversely affect ESA-listed species for which takes are being requested (Table 9). However, the 
relatively short-term exposures are unlikely to result in any long-term negative consequences for the 
individuals or their populations. 
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IV. Environmental Consequences 

TABLE 9. ESA determination for marine mammal species expected to be encountered during the proposed 
surveys in the Northeast Pacific Ocean during late spring/summer 2021. 

May Affect – May Affect –
Not Likely to Adversely Affect Likely to Adversely Affect

North Pacific Right Whale √
Humpback Whale (Central America DPS) √
Humpback Whale (Mexico DPS) √
Sei Whale √
Fin Whale √
Blue Whale √
Gray Whale (Western North Pacific Population) √
Sperm Whale √
Killer Whale (Southern Resident DPS) √
Steller Sea Lion (Western DPS) √
Guadalupe Fur Seal √

Species

ESA Determination

No Effect

In decades of seismic surveys carried out by R/V Langseth and its predecessor, R/V Ewing, PSOs 
and other crew members have seen no seismic sound-related marine mammal injuries or mortality. A 
similar survey conducted in the region in the past (Marine Geophysical Surveys by R/V Marcus G. Langseth 
in the Northeastern Pacific Ocean, June–July 2012) had no observed significant impacts. Also, Also, actual 
numbers of animals potentially exposed to sound levels sufficient to cause disturbance (i.e., are considered 
takes) have almost always been much lower than predicted and authorized takes. For example, during an 
NSF-funded, ~5000-km, 2-D seismic survey conducted by R/V Langseth off the coast of North Carolina in 
September–October 2014, only 296 cetaceans were observed within the predicted 160-dB zone and 
potentially taken, representing <2% of the 15,498 takes authorized by NMFS (RPS 2015). During an 
USGS-funded, ~2700 km, 2-D seismic survey conducted by R/V Langseth along the U.S. east coast in 
August–September 2014, only 3 unidentified dolphins were observed within the predicted 160-dB zone and 
potentially taken, representing <0.03% of the 11,367 authorized takes (RPS 2014b). Furthermore, as 
defined, all animals exposed to sound levels >160 dB are Level B ‘takes’ whether or not a behavioral 
response occurred. The Level B estimates are thought to be conservative; thus, not all animals detected 
within this threshold distance would be expected to have been exposed to actual sound levels >160 dB. 

Sea Turtles.—In § 3.4.7, the PEIS concluded that with implementation of the proposed monitoring 
and mitigation measures, no significant impacts of airgun operations are likely to sea turtle populations in 
any of the analysis areas, and that any effects are likely to be limited to short-term behavioral disturbance 
and short-term localized avoidance of an area of unknown size near the active airguns. In decades of 
seismic surveys carried out by R/V Langseth and its predecessor, R/V Ewing, PSOs and other crew 
members have seen no seismic sound-related sea turtle injuries or mortality. Given the proposed activities, 
impacts would not be anticipated to be significant or likely to adversely affect green turtles, but they would 
likely adversely affect the leatherback sea turtle (Table 10). 

4.1.2 Direct Effects on Marine Invertebrates, Fish, and Fisheries, and Their Significance 

Effects of seismic sound on marine invertebrates (crustaceans and cephalopods), marine fish, and 
their fisheries are discussed in § 3.2.4 and § 3.3.4 and Appendix D of the PEIS. Relevant new studies on 
the effects of sound on marine invertebrates, fish, and fisheries that have been published since the release of 
the PEIS are summarized below. Although research on the effects of exposure to airgun sound on marine 
invertebrates and fishes is increasing, many data gaps remain (Hawkins et al. 2015; Carroll et al. 2017), 
including how particle motion rather than sound pressure levels affect invertebrates and fishes that are 
exposed to sound (Hawkins and Popper 2017; Popper and Hawkins 2018). It is important to note that while 
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IV. Environmental Consequences 

TABLE 10. ESA determination for sea turtle species expected to be encountered during the proposed 
surveys in the Northeast Pacific Ocean during late spring/summer 2021. 

May Affect – May Affect –
Not Likely to Adversely Affect Likely to Adversely Affect

Leatherback Turtle √
Green Turtle (East Pacific DPS) √

Species

ESA Determination

No Effect

all invertebrates and fishes are likely sensitive to particle motion, no invertebrates and not all fishes 
(e.g., sharks) are sensitive to the sound pressure component. 

4.1.2 Direct Effects on Marine Invertebrates, Fish, and Fisheries, and Their Significance 

Effects of seismic sound on marine invertebrates (crustaceans and cephalopods), marine fish, and 
their fisheries are discussed in § 3.2.4 and § 3.3.4 and Appendix D of the PEIS. Relevant new studies on 
the effects of sound on marine invertebrates, fish, and fisheries that have been published since the release of 
the PEIS are summarized below. Although research on the effects of exposure to airgun sound on marine 
invertebrates and fishes is increasing, many data gaps remain (Hawkins et al. 2015; Carroll et al. 2017), 
including how particle motion rather than sound pressure levels affect invertebrates and fishes that are 
exposed to sound (Hawkins and Popper 2017; Popper and Hawkins 2018). It is important to note that while 
all invertebrates and fishes are likely sensitive to particle motion, no invertebrates and not all fishes 
(e.g., sharks) are sensitive to the sound pressure component. 

Substrate vibrations caused by sounds may also affect the epibenthos, but sensitivities are largely 
unknown (Roberts and Elliott 2017). Nonetheless, several studies have found that substrate-borne vibration 
and sound elicit behavioral responses in crabs (e.g., Roberts et al. 2016) and mussels (Roberts et al. 2015). 
Solan et al. (2016) also reported behavioral effects on sediment-dwelling invertebrates during sound exposure. 
Activities directly contacting the seabed would be expected to have localized impacts on invertebrates and 
fishes that use the benthic habitat. A risk assessment of the potential impacts of airgun surveys on marine 
invertebrates and fish in Western Australia concluded that the greater the intensity of sound and the shallower 
the water, the greater the risk to these animals (Webster et al. 2018). In water >250 m deep, the impact of 
seismic surveying on fish and marine invertebrates was assessed as acceptable, while in water <250 m deep, 
risk ranged from negligible to severe, depending on depth, resource-type, and sound intensity (Webster et al. 
2018). Immobile organisms, such as molluscs, were deemed to be the invertebrates most at risk from seismic 
impacts. 

4.1.2.1 Effects of Sound on Marine Invertebrates 

Effects of anthropogenic sounds on marine invertebrates are varied, ranging from no overt reactions 
to behavioral/physiological responses, injuries, or mortalities (Aguilar de Soto 2016; Edmonds et al. 2016; 
Carroll et al. 2017; Weilgart 2017b; Elliott et al. 2019). The available information suggests that 
invertebrates, particularly crustaceans, may be relatively resilient to airgun sounds (Day et al. 2016a,b).  

Fields et al. (2019) conducted laboratory experiments to study effects of exposure to airgun sound 
on the mortality, predator escape response, and gene expression of the copepod Calanus finmarchicus and 
concluded that the airgun sound had limited effects on the mortality and escape responses of copepods 
exposed within 10 m of the airgun source but no measurable impact beyond that distance. McCauley et al. 
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IV. Environmental Consequences 

(2017) conducted a 2-day study to examine the potential effects of sound exposure of a 150 in3 airgun on 
zooplankton off the coast of Tasmania; they concluded that exposure to airgun sound decreased 
zooplankton abundance compared to control samples and caused a two- to three-fold increase in adult and 
larval zooplankton mortality. They observed impacts on the zooplankton as far as 1.2 km from the exposure 
location – a much greater impact range than previously thought; however, there was no consistent decline 
in the proportion of dead zooplankton as distance increased and received levels decreased. The conclusions 
by McCauley et al. (2017) were based on a relatively small number of zooplankton samples, and more 
replication is required to increase confidence in the study findings. 

Richardson et al. (2017) presented results of a modeling exercise intended to investigate the impact 
of exposure to airgun sound on zooplankton over a much larger temporal and spatial scale than that 
employed by McCauley et al. (2017). The exercise modeled a hypothetical survey over an area 80 km by 
36 km during a 35-day period. Richardson et al. (2017) postulated that the decrease in zooplankton 
abundance observed by McCauley et al. (2017) could have been due to active avoidance behavior by larger 
zooplankton.  The modeling results did indicate that there would be substantial impact on the zooplankton 
populations at a local spatial scale but not at a large spatial scale; zooplankton biomass recovery within the 
exposure area and out to 15 km occurred 3 days after completion of the seismic survey. 

Fewtrell and McCauley (2012) exposed captive squid (Sepioteuthis australis) to pulses from a single 
airgun; the received sound levels ranged from 120–184 dB re 1 dB re 1 μPa2 · s SEL. Increases in alarm 
responses were seen at SELs >147–151 dB re 1 μPa2 · s; the squid were seen to discharge ink or change 
their swimming pattern or vertical position in the water column. Solé et al. (2013a,b) exposed four 
cephalopod species held in tanks to low-frequency (50–400 Hz) sinusoidal wave sweeps (with a 1-s sweep 
period for 2 h) with received levels of 157 ± 5 dB re 1 μPa and peak levels up to 175 dB re 1 μPa. Besides 
exhibiting startle responses, all four species examined received damage to the statocyst, which is the organ 
responsible for equilibrium and movement. The animals also showed stressed behavior, decreased activity, 
and loss of muscle tone (Solé et al. 2013a). To examine the contribution from near-field particle motion 
from the tank walls on the study, Solé et al. (2017) exposed common cuttlefish (Sepia officinalis) in cages 
in their natural habitat to 1/3 octave bands with frequencies centered at 315 Hz and 400 Hz and levels 
ranging from 139–141 re 1 Pa2.  The study animals still incurred acoustic trauma and injury to statocysts, 
despite not being held in confined tanks with walls. 

When New Zealand scallop (Pecten novaezelandiae) larvae were exposed to recorded seismic pulses, 
significant developmental delays were reported, and 46% of the larvae exhibited body abnormalities; it was 
suggested that the malformations could be attributable to cumulative exposure (Aguilar de Soto et al. 2013). 
Their experiment used larvae enclosed in 60-mL flasks suspended in a 2-m diameter by 1.3-m water depth 
tank and exposed to a playback of seismic sound at a distance of 5–10 cm. 

There have been several in situ studies that have examined the effects of seismic surveys on scallops. 
Although most of these studies showed no short-term mortality in scallops (Parry et al. 2002; Harrington et 
al. 2010; Przeslawski et al. 2016, 2018), one study (Day et al. 2016a,b, 2017) did show adverse effects 
including an increase in mortality rates. Przeslawski et al. (2016, 2018) studied the potential impacts of an 
industrial seismic survey on commercial (Pecten fumatus) and doughboy (Mimachlamys asperrima) 
scallops. In situ monitoring of scallops took place in the Gippsland Basin, Australia, using dredging, and 
autonomous underwater vehicle deployment before the seismic survey, as well as two, and ten months after 
the survey. The airgun array used in the study was a single 2530 in3 array made up of 16 airguns operating 
at 2000 psi with a maximum SEL of 146 dB re 1 μPa2 · s at 51 m depth. Overall, there was little to no 
detectable impact of the seismic survey on scallop health as measured by scallop shell size, adductor muscle 
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IV. Environmental Consequences 

diameter, gonad size, or gonad stage (Przeslawski et al. 2016). No scallop mortality related to airgun sounds 
was detected two or ten months after the seismic survey (Przeslawski et al. 2016, 2018).  

Day et al. (2016a,b, 2017) exposed scallops (P. fumatus) and egg-bearing female spiny lobsters 
(Jasus edwardsi) at a location 10–12 m below the surface to airgun sounds.  The airgun source was started 
~1–1.5 km from the study subjects and passed over the animals; thus, the scallops and lobsters were exposed 
to airgun sounds as close as 5–8 m away and up to 1.5 km from the source. Three different airgun 
configurations were used in the field: 45 in3, 150 in3 (low pressure), and 150 in3 (high pressure), each with 
maximum peak-to-peak source levels of 191–213 dB re 1 μPa; maximum cumulative SEL source levels 
were 189–199 dB re 1 μPa2 · s.  Exposure to seismic sound was found to significantly increase mortality in 
the scallops, especially over a chronic time scale (i.e., months post-exposure), although not beyond naturally 
occurring rates of mortality (Day et al. 2017).  Non-lethal effects were also recorded, including changes in 
reflex behavior time, other behavioral patterns, haemolymph chemistry, and apparent damage to statocysts 
(Day et al. 2016b, 2017). However, the scallops were reared in suspended lantern nets rather than their 
natural environment, which can result in higher mortality rates compared to benthic populations (Yu et al. 
2010). The female lobsters were maintained until the eggs hatched; no significant differences were found 
in the quality or quantity of larvae for control versus exposed subjects, indicating that the embryonic 
development of spiny lobster was not adversely affected by airgun sounds (Day et al. 2016a,b). No 
mortalities were reported for either control or exposed lobsters (Day et al. 2016a,b). When Day et al. (2019) 
exposed rock lobster to the equivalent of a full-scale commercial seismic survey passing within 100–500 
m, lobsters exhibited impaired righting and damage to the sensory hairs of the statocyst. 

Fitzgibbon et al. (2017) also examined the impact of airgun exposure on spiny lobster through a 
companion study to the Day et al. (2016a,b, 2017) studies; the same study site, experimental treatment 
methodologies, and airgun exposures were used. The objectives of the study were to examine the 
haemolymph biochemistry and nutritional condition of groups of lobsters over a period of up to 365 days 
post-airgun exposure. Overall, no mortalities were observed across both the experimental and control 
groups; however, lobster total haemocyte count decreased by 23–60% for all lobster groups up to 120 days 
post-airgun exposure in the experimental group when compared to the control group. A lower haemocyte 
count increases the risk of disease through a lower immunological response. The only other haemolyph 
parameter that was significantly affected by airgun exposure was the Brix index of haemolymph at 120 and 
365 days post-airgun exposure in one of the experiments involving egg-laden females. Other studies 
conducted in the field have shown no effects on Dungeness crab larvae or snow crab embryos to seismic 
sounds (Pearson et al. 1994; DFO 2004b; Morris et al. 2018).  

Payne et al. (2015) undertook two pilot studies which (i) examined the effects of a seismic airgun 
recording in the laboratory on lobster (Homerus americanus) mortality, gross pathology, histopathology, 
serum biochemistry, and feeding; and (ii) examined prolonged or delayed effects of seismic air gun pulses 
in the laboratory on lobster mortality, gross pathology, histopathology, and serum biochemistry. For 
experiment (i), lobsters were exposed to peak-to-peak and root-mean-squared received sound levels of 180 
dB re 1 μPa and 171 dB re 1 µParms respectively. Overall, there was no mortality, loss of appendages, or 
other signs of gross pathology observed in exposed lobster. No differences were observed in haemolymph, 
feeding, ovary histopathology, or glycogen accumulation in the heptapancreas. The only observed 
differences were greater degrees of tubular vacuolation and tubular dilation in the hepatopancreas of the 
exposed lobsters.  For experiment (ii), lobsters were exposed to 20 airgun shots per day for five successive 
days in a laboratory setting. The peak-to-peak and root-mean-squared received sound levels ranged from 
~176–200 dB re 1 μPa and 148–172 dB re 1 µParms, respectively. The lobsters were returned to their aquaria 
and examined after six months. No differences in mortality, gross pathology, loss of appendages, 
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IV. Environmental Consequences 

hepatopancreas/ovary histopathology or glycogen accumulation in the hepatopancreas were observed 
between exposed and control lobsters. The only observed difference was a slight statistically significant 
difference for calcium-protein concentration in the haemolymph, with lobsters in the exposed group having 
a lower concentration than the control group. 

Celi et al. (2013) exposed captive red swamp crayfish (Procambarus clarkia) to linear sweeps with 
a frequency range of 0.1–25 kHz and a peak amplitude of 148 dB re 1 µParms at 12 kHz for 30 min. They 
found that the noise exposure caused changes in the haemato-immunological parameters (indicating stress) 
and reduced agonistic behaviors.  Wale et al. (2013a,b) showed increased oxygen consumption and effects 
on feeding and righting behavior of shore crabs when exposed to ship sound playbacks. 

Leite et al. (2016) reported observing a dead giant squid (Architeuthis dux) while undertaking marine 
mammal observation work aboard a seismic vessel conducting a seismic survey in offshore Brazil. The 
seismic vessel was operating 48-airgun array with a total volume of 5085 in3. As no further information on 
the squid could be obtained, it is unknown whether the airgun sounds played a factor in the death of the 
squid. 

Heyward et al. (2018) monitored corals in situ before and after exposure to a 3-D seismic survey; the 
maximum SEL and SPL 0-pk were 204 dB re 1 μPa2·s and 226 dB re 1 µPa. No macroscopic effects on soft 
tissues or the skeleton were noted days or months after the survey. 

4.1.2.2 Effects of Sound on Fish 

Popper et al. (2019a) recently reviewed the hearing ability of fishes, and potential impacts of 
exposure to airgun sound on marine fishes have been reviewed by Popper (2009), Popper and Hastings 
(2009a,b), Fay and Popper (2012), Weilgart (2017b), Hawkins and Popper (2018), Popper et al. (2019b), 
and Slabbekoorn et al. (2019); they include pathological, physiological, and behavioral effects. Radford et 
al. (2014) and Putland et al. (2017) noted that masking of key environmental sounds or social signals could 
also be a potential negative effect from sound. Popper et al. (2014) presented guidelines for seismic sound 
level thresholds related to potential effects on fish. The effect types discussed include mortality, mortal 
injury, recoverable injury, temporary threshold shift, masking, and behavioral effects. Seismic sound level 
thresholds were discussed in relation to fish without swim bladders, fish with swim bladders, and fish eggs 
and larvae. Hawkins and Popper (2017) cautioned that particle motion as well as sound pressure should be 
considered when assessing the effects of underwater sound on fishes.  

Bruce et al. (2018) studied the potential behavioral impacts of a seismic survey in the Gippsland 
Basin, Australia, on three shark species: tiger flathead (Neoplatycephalus richardsoni), gummy shark 
(Mustelus antarcticus), and swellshark (Cephaloscylum laticeps). Sharks were captured and tagged with 
acoustic tags before the survey and monitored for movement via acoustic telemetry within the seismic area. 
The energy source used in the study was a 2530 in3 array consisting of 16 airguns with a maximum SEL of 
146 dB re 1 μPa2 · s at 51 m depth. Flathead and gummy sharks were observed to move in and around the 
acoustic receivers while the airguns in the survey were active; however, most sharks left the study area 
within 2 days of being tagged. The authors of the study did not attribute this behavior to avoidance, possibly 
because the study area was relatively small. Overall, there was little conclusive evidence of the seismic 
survey impacting shark behavior, though flathead shark did show increases in swim speed that was regarded 
by the authors as a startle response to the airguns operating within the area. 

Peña et al. (2013) used an omnidirectional fisheries sonar to determine the effects of a 3-D seismic 
survey off Vesterålen, northern Norway, on feeding herring (Clupea harengus). They reported that herring 
schools did not react to the seismic survey; no significant changes were detected in swimming speed, swim 
direction, or school size when the drifting seismic vessel approached the fish from a distance of 27 km to 
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IV. Environmental Consequences 

2 km over a 6-h period.  Peña et al. (2013) attributed the lack of response to strong motivation for feeding, 
the slow approach of the seismic vessel, and an increased tolerance to airgun sounds.  

Miller and Cripps (2013) used underwater visual census to examine the effect of a seismic survey on 
a shallow-water coral reef fish community in Australia. The census took place at six sites on the reef before 
and after the survey. When the census data collected during the seismic program were combined with 
historical data, the analyses showed that the seismic survey had no significant effect on the overall 
abundance or species richness of reef fish. This was in part attributed to the design of the seismic survey 
(e.g., 400 m buffer zone around reef), which reduced the impacts of seismic sounds on the fish 
communities by exposing them to relatively low SELs (<187 dB re 1 μPa2 · s).  

Fewtrell and McCauley (2012) exposed pink snapper (Pagrus auratus) and trevally (Pseudocaranx 
dentex) to pulses from a single airgun; the received sound levels ranged from 120–184 dB re 1 dB re 1 
μPa2 · s SEL. Increases in alarm responses were seen in the fish at SELs >147–151 dB re 1 μPa2 · s; the 
fish swam faster and formed more cohesive groups in response to the airgun sounds. 

Hastings and Miksis-Olds (2012) measured the hearing sensitivity of caged reef fish following 
exposure to a seismic survey in Australia.  When the auditory evoked potentials (AEP) were examined for 
fish that had been in cages as close as 45 m from the pass of the seismic vessel and at water depth of 5 m, 
there was no evidence of TTS in any of the fish examined, even though the cumulative SELs had reached 
190 dB re 1 μPa2 · s. 

Davidsen et al. (2019) outfitted Atlantic cod and saithe with acoustic transmitters to monitor their 
behaviors (i.e., swimming speed, movement in water column) in response to exposure to seismic airgun 
sound. The study was conducted in Norway using a large sea cage with a 30 m diameter and 25 m depth. 
Both sound pressure and particle motion were measured within the sea cage. An airgun firing every 10 s 
was towed toward the sea cage from an initial distance of 6.7 km from the cage to a minimum distance of 
100 m from the cage.  The SELcum ranged from 172–175 dB re 1 μPa2·s. Both the cod and saithe changed 
swimming depth and horizontal position more frequently during exposure to the sound. The saithe became 
more dispersed in response to elevated sound levels. Both species exhibited behavioral habituation to the 
repeated exposures to sound. 

Radford et al. (2016) conducted experiments examining how repeated exposures of different sounds 
to European seabass (Dicentrarchus labrax) can reduce the fishes’ response to that sound. They exposed 
post-larval seabass to playback recordings of seismic survey sound (single strike SEL 144 dB re 1 μPa2 · s) 
in large indoor tanks containing underwater speakers. Their findings indicated that short-term exposure of 
seismic sound increased the ventilation rate (i.e., opercular beat rate [OBR]) of seabass that were not 
previously exposed to seismic relative to seabass in controlled, ambient sound conditions. Fish that were 
reared in tanks that were repeatedly exposed to seismic sound over a 12-week period exhibited a reduced 
OBR response to that sound type, but fish exposed over the same time period to pile-driving noise displayed 
a reduced response to both seismic and pile-driving noise. An increased ventilation rate is indicative of 
greater stress in seabass; however, there was no evidence of mortality or effects on growth of the seabass 
throughout the 12-week study period. 

Popper et al. (2016) conducted a study that examined the effects of exposure to seismic airgun sound 
on caged pallid sturgeon (Scaphirhynchus albus) and paddlefish (Polyodon spathula); the maximum 
received peak SPL in this study was 224 dB re 1 µPa. Results of the study indicated no mortality, either 
during or seven days after exposure, and no statistical differences in effects on body tissues between 
exposed and control fish. 
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IV. Environmental Consequences 

Andrews et al. (2014) conducted functional genomic studies on the inner ear of Atlantic salmon 
(Salmo salar) that had been exposed to seismic airgun sound. The airguns had a maximum SPL of ~145 dB 
re 1 µPa2/Hz and the fish were exposed to 50 discharges per trial. The results provided evidence that fish 
exposed to seismic sound either increased or decreased their expressions of different genes, demonstrating 
that seismic sound can affect fish on a genetic level. 

Sierra-Flores et al. (2015) examined broadcast sound as a short-term stressor in Atlantic cod (Gadus 
morhua) using cortisol as a biomarker. An underwater loudspeaker emitted SPLs ranging from 
104–110 dB re 1 µParms. Plasma cortisol levels of fish increased rapidly with sound exposure, returning to 
baseline levels 20–40 min post-exposure. A second experiment examined the effects of long-term sound 
exposure on Atlantic cod spawning performance. Tanks were stocked with male and female cod and 
exposed daily to six noise events, each lasting one hour. The noise exposure had a total SPL of 133 dB re 
1 µPa. Cod eggs were collected daily and measured for egg quality parameters as well as egg cortisol 
content.  Total egg volume, floating fraction, egg diameter and egg weight did not appear to be negatively 
affected by sound exposure. However, fertilization rate and viable egg productivity were reduced by 40% 
and 50%, respectively, compared with the control group. Mean egg cortisol content was found to be 34% 
greater in the exposed group as compared to the control group. Elevated cortisol levels inhibit reproductive 
physiology for males and can result in a greater frequency of larval deformities for spawning females. 

4.1.2.3 Effects of Sound on Fisheries 

Handegard et al. (2013) examined different exposure metrics to explain the disturbance of seismic 
surveys on fish. They applied metrics to two experiments in Norwegian waters, during which fish 
distribution and fisheries were affected by airguns. Even though the disturbance for one experiment was 
greater, the other appeared to have the stronger SEL, based on a relatively complex propagation model. 
Handegard et al. (2013) recommended that simple sound propagation models should be avoided and that 
the use of sound energy metrics like SEL to interpret disturbance effects should be done with caution. In 
this case, the simplest model (exposures per area) best explained the disturbance effect.  

Hovem et al. (2012) used a model to predict the effects of airgun sounds on fish populations.  
Modeled SELs were compared with empirical data and were then compared with startle response levels for 
cod. This work suggested that in the future, particular acoustic-biological models could be useful in 
designing and planning seismic surveys to minimize disturbance to fishing. Their preliminary analyses 
indicated that seismic surveys should occur at a distance of 5–10 km from fishing areas, in order to minimize 
potential effects on fishing. 

In their introduction, Løkkeborg et al. (2012) described three studies in the 1990s that showed effects 
on fisheries. Results of a study off Norway in 2009 indicated that fishes reacted to airgun sound based on 
observed changes in catch rates during seismic shooting; gillnet catches increased during the seismic 
shooting, likely a result of increased movement of exposed fish, whereas longline catches decreased overall 
(Løkkeborg et al. 2012). 

Streever et al. (2016) completed a Before-After/Control-Impact (BACI) study in the nearshore waters 
of Prudhoe Bay, Alaska in 2014 which compared fish catch rates during times with and without seismic 
activity. The air gun arrays used in the geophysical survey had sound pressure levels of 237 dB re 1μPa0-p, 
243 dB re 1µPap-p, and 218 dB re 1μParms. Received SPLmax ranged from 107–144 dB re 1 μPa, and received 
SELcum ranged from 111–141 dB re 1μPa2-s for air gun pulses measured by sound recorders at four fyke 
net locations. They determined that fyke nets closest to air gun activities showed decreases in catch per 
unit effort (CPUE) while nets further away from the air gun source showed increases in CPUE.  
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IV. Environmental Consequences 

Bruce et al. (2018) studied the potential impacts of an industrial seismic survey in the Gippsland 
Basin, Australia, on catches in the Danish seine and gillnet fishing sectors for 15 fish species. Catch data 
were examined from three years before the seismic survey to six months after completion of the survey in 
an area 13,000 km2. Overall, there was little evidence of consistent adverse impacts of the seismic survey 
on catch rates.  Six of the 15 species were found to have increased catch rates. 

Paxton et al. (2017) examined the effects of seismic sounds on the distribution and behavior of fish 
on a temperate reef during a seismic survey conducted in the Atlantic Ocean on the inner continental shelf 
of North Carolina. Hydrophones were set up near the seismic vessel path to measure SPLs, and a video 
camera was set up to observe fish abundances and behaviors. Received SPLs were estimated at 
~202–230 dB re 1 µPa. Overall abundance of fish was lower when undergoing seismic activity as opposed 
to days when no seismic occurred. Only one fish was observed to exhibit a startle response to the airgun 
shots. The authors claim that although the study was based on limited data, it contributes evidence that 
normal fish use of reef ecosystems is reduced when they are impacted by seismic sounds. 

Morris et al. (2018) conducted a two-year (2015–2016) BACI study examining the effects of 2-D 
seismic exploration on catch rates of snow crab (Chionoecetes opilio) along the eastern continental slope 
(Lilly Canyon and Carson Canyon) of the Grand Banks of Newfoundland, Canada. The airgun array used 
was operated from a commercial seismic exploration vessel; it had a total volume of 4880 in3, horizontal 
zero-to-peak SPL of 251 dB re 1 μPa, and SEL of 229 dB re 1 μPa2·s. The closest approach of the survey 
vessel to the treatment site in 2015 (year 1 of the study) was 1465 m during 5 days of seismic operations; 
in 2016 (year 2), the vessel passed within 100 m of the treatment site but the exposure lasted only 2 h. 
Overall, the findings indicated that the sound from the commercial seismic survey did not significantly 
reduce snow crab catch rates during days or weeks following exposure. Morris et al. (2018) attributed the 
natural temporal and spatial variations in the marine environment as a greater influence on observed 
differences in catch rates between control and experimental sites than exposure to seismic survey sounds. 

4.1.2.4 Conclusions for Invertebrates, Fish, Fisheries, EFH, and HAPC 

The newly available information does not affect the outcome of the effects assessment as presented in 
the PEIS. The PEIS concluded that there could be changes in behavior and other non-lethal, short-term, 
temporary impacts, and injurious or mortal impacts on a small number of individuals within a few meters 
of a high-energy acoustic source, but that there would be no significant impacts of NSF-funded marine 
seismic research on populations. The PEIS also concluded that seismic surveys could cause temporary, 
localized reduced fish catch to some species, but that effects on fisheries would not be significant. 

Interactions between the proposed surveys and fishing operations in the study area are expected to 
be limited. Two possible conflicts in general are R/V Langseth’s streamer entangling with fishing gear and 
the temporary displacement of fishers from the survey area. Fishing activities could occur within the 
proposed survey area; a safe distance would need to be kept from R/V Langseth and the towed seismic 
equipment. Conflicts would be avoided through communication with the fishing community during the 
surveys. PSOs would also watch for any impacts the acoustic sources may have on fish during the survey. 

Given the proposed activities, impacts would not be anticipated to be significant or likely to adversely 
affect (including ESA-listed) marine invertebrates, marine fish (Table 11), and their fisheries, including 
commercial, recreational, and subsistence fisheries. Additionally, no mortality of fish or marine 
invertebrates are expected in marine reserves along the coast of Oregon, as the injury threshold distances 
would not enter the reserves that are at least 2 km away. In decades of seismic surveys carried out by R/V 
Langseth and its predecessor, R/V Ewing, PSOs and other crew members have not observed any seismic 
sound-related fish or invertebrate injuries or mortality.  During a similar survey conducted in the region in 
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IV. Environmental Consequences 

TABLE 11. ESA determination for DPSs or ESUs of fish species expected to be encountered during the 
proposed surveys in the Northeast Pacific Ocean during late spring/summer 2021. 

May Affect – May Affect –
Not Likely to Adversely Affect Likely to Adversely Affect

Bocaccio (Puget Sound/Georgia Basin DPS) √
Yelloweye Rockfish (Puget Sound/Georgia Basin DPS) √
Steelhead Trout (Various DPSs) √
Bull trout (Coastal Puget Sound DPS) √
Chinook Salmon (Various ESUs) √
Chum Salmon (Various ESUs) √
Coho Salmon (Various ESUs) √
Sockeye Salmon (Various ESUs) √
Pacific Eulachon (Southern DPS) √
Green Sturgeon (Southern DPS) √
Giant Manta Ray √
Oceanic Whitetip Shark √
Scalloped Hammerhead Shark (Eastern Pacific DPS) √

Species

ESA Determination

No Effect

the past (Marine Geophysical Surveys by R/V Marcus G. Langseth in the Northeastern Pacific Ocean, 
June–July 2012), there were no observed significant impacts. In addition, no adverse effects on EFH or 
HAPC are expected given the short-term nature of the study (~40 days) and minimal bottom disturbance 

4.1.3 Direct Effects on Seabirds and Their Significance 

The underwater hearing of seabirds (including loons, scaups, gannets, and ducks) has recently been 
investigated, and the peak hearing sensitivity was found to be between 1500 and 3000 Hz (Crowell 2016). 
The best sensitivity of underwater hearing for great cormorants was found to be at 2 kHz, with a hearing 
threshold of 71 dB re 1 Parms (Hansen et al. 2017). Great cormorants were also found to respond to 
underwater sounds and may have special adaptations for hearing underwater (Johansen et al. 2016; Hansen 
et al. 2017). African penguins (Spheniscus demersus) outfitted with GPS loggers showed strong avoidance 
of preferred foraging areas and had to forage farther away and increase their foraging effort when a seismic 
survey was occurring within 100 km of the breeding colony (Pichegru et al. 2017). However, the birds 
resumed their normal behaviors when seismic operations concluded. 

Potential effects of seismic sound and other aspects of seismic operations (collisions, entanglement, 
and ingestion) on seabirds are discussed in § 3.5.4 of the PEIS. The PEIS concluded that there could be 
transitory disturbance, but that there would be no significant impacts of NSF-funded marine seismic 
research on seabirds or their populations. If an injury threshold of 202 dB SEL is assumed, then the radius 
around the airgun array within which diving birds could sustain injury is 84 m. However, no activities 
would occur within 8 km from shore, where most marbled murrelets are found. In addition, the acoustic 
source would be powered or shut down in the event an ESA-listed seabird was observed diving or foraging 
within the designated EZ (500 m for power down, 100 m for shut down). Given the proposed activities and 
their limited occurrence in the proposed project area, impacts would not be anticipated to be significant or 
likely to adversely affect most seabird species, including short-tailed albatross and Hawaiian petrel 
(Table 12). Based on an analysis and consultation with USFWS, the marbled murrelet is likely to be 
adversely affected, but the proposed activities are not likely to jeopardize the continued existence of the 
marbled murrelet. In decades of seismic surveys carried out by R/V Langseth and its predecessor, the R/V 
Ewing, PSOs and other crew members have seen no seismic sound-related seabird injuries or mortality.  
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IV. Environmental Consequences 

TABLE 12. ESA determination for seabird species expected to be encountered during the proposed surveys 
in the Northeast Pacific Ocean during late spring/summer 2021. 

May Affect – May Affect –
Not Likely to Adversely Affect Likely to Adversely Affect

Short-tailed Albatross √
Hawaiian Petrel √
Marbled Murrelet √

Species

ESA Determination

No Effect

4.1.4 Indirect Effects on Marine Mammals, Sea Turtles, Seabirds and Fish and Their 
Significance 

The proposed seismic operations would not result in any permanent impact on habitats used by 
marine mammals, sea turtles, seabirds, or fish or to the food sources they use. The main impact issue 
associated with the proposed activity would be temporarily elevated anthropogenic sound levels and the 
associated direct effects on these species, as discussed above.  

During the proposed seismic surveys, only a small fraction of the available habitat would be 
ensonified at any given time. Disturbance to fish species and invertebrates would be short-term, and fish 
would return to their pre-disturbance behavior once the seismic activity ceased. Thus, the proposed surveys 
would have little impact on the abilities of marine mammals or sea turtles to feed in the area where seismic 
work is planned. No significant indirect impacts on marine mammals, sea turtles, seabirds, or fish would 
be expected. 

4.1.5 Direct Effects on Tribal & First Nation Fisheries, Cultural Resources, and Their 
Significance 

The coast and nearshore areas are of cultural importance to indigenous peoples for fishing (including 
subsistence and commercial), hunting, gathering, and ceremonial purposes. As noted above in Section 
4.1.2.4, impacts would not be anticipated to be significant or likely to adversely affect marine invertebrates, 
marine fish, and their fisheries, including subsistence fisheries. Less than 2 days of survey operations are 
planned within all U&A fisheries, with some areas affected for only a few hours. Interactions between the 
proposed surveys and fishing operations in the study area are expected to be limited. Although fishing 
would not be precluded in the survey area, a safe distance would need to be kept from R/V Langseth and 
the towed seismic equipment. Conflicts would be avoided through Notice to Mariners and direct radio 
communication with subsistence fishers during the surveys. When finalized, NSF would provide survey 
start date and route plans within the U&A fisheries to tribal points of contact and give notice three days in 
advance of planned operations within U&A fisheries. 

Additionally, there are thousands of shipwrecks along the coast of the Pacific Northwest from Oregon 
to B.C. However, the proposed activities are of short duration (~40 days), and most of the shipwrecks (and 
dive sites) are located in shallower water outside of the project area. Conflicts would be avoided through 
communication with dive operators during the surveys. Furthermore, OBSs and OBNs would be deployed 
to avoid shipwrecks and would only cause minimal seafloor disturbances. Therefore, no adverse impacts 
to cultural resources are anticipated. 

4.1.6 Cumulative Effects 

Cumulative effects refer to the impacts on the environment that result from a combination of past, 
existing, and reasonably foreseeable projects and human activities. Cumulative effects can result from 
multiple causes, multiple effects, effects of activities in more than one locale, and recurring events. Human 
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IV. Environmental Consequences 

activities, when conducted separately or in combination with other activities, could affect marine animals 
in the study area. However, understanding cumulative effects is complex because of the animals’ extensive 
habitat ranges, and the difficulty in monitoring populations and determining the level of impacts that may 
result from certain activities.  

According to Nowacek et al. (2015), cumulative impacts have a high potential of disturbing marine 
mammals. Wright and Kyhn (2014) proposed practical management steps to limit cumulative impacts, 
including minimizing exposure by reducing exposure rates and levels. Models of cumulative effects that 
incorporate all threats to resident killer whales are better at predicting demographic rates of population than 
individual threat models (Lacy et al. 2017; Murray et al. 2019). 

The results of the cumulative impacts analysis in the PEIS indicated that there would not be any 
significant cumulative effects to marine resources from the proposed NSF-funded marine seismic research, 
including the combined use of airguns with MBES, SBP, and acoustic pingers. However, the PEIS also 
stated that, “A more detailed, cruise-specific cumulative effects analysis would be conducted at the time of 
the preparation of the cruise-specific EAs, allowing for the identification of other potential activities in the 
areas of the proposed seismic surveys that may result in cumulative impacts to environmental resources.” 
Here we focus on activities (e.g., research, vessel traffic, and fisheries) that could impact animals 
specifically in the proposed survey area. However, the combination of the proposed surveys with the 
existing operations in the region would be expected to produce only a negligible increase in overall 
disturbance effects on marine mammals.  

4.1.6.1 Past, Current, and Future Research Activities 

Scripps Institution of Oceanography (SIO) conducted low-energy seismic surveys for ~4–7 days off 
the coast of Oregon/Washington during September 2007, July 2009, and September 2017. During 
July 2008, UTIG conducted a low-energy seismic survey for ~6 days off the coast of Oregon. In 
June–August 2004 and August–October 2005, the riserless drilling vessel JOIDES Resolution conducted 
coring off OR. Seismic surveys using a 36-airgun array were conducted in the EVH MPA, to the north of 
the proposed survey area, by R/V Langseth during summer 2009, and off the coast of Oregon/Washington 
during June–July 2012. 

NSF funded the Cascadia Initiative (CI), an ambitious onshore/offshore seismic and geodetic 
experiment that took advantage of an amphibious array to study questions ranging from megathrust 
earthquakes, to volcanic arc structure, to the formation, deformation, and hydration of the Juan De Fuca 
and Gorda Plates (Toomey et al. 2014). CI involved a plate-scale seismic experiment that encompassed 
components of the Cascadia subduction zone as well as the underthrusting Juan de Fuca Plate. The onshore 
seismic component of the amphibious array consisted of the EarthScope USArray Transportable Array and 
the offshore seismic component consisted of OBSs. Over four field seasons from 2011–2014, 
oceanographic expeditions and OBSs deployments and recoveries were conducted in the region to collect 
data in support of the research objectives. As noted previously, an onshore research effort is also currently 
under consideration for NSF funding which would complement the proposed R/V Langseth activities. The 
proposed onshore component would vastly expand upon the marine-based dataset, providing a more 
complete geophysical dataset for the Cascadia region. 

During May–June 2018, SIO conducted vibracoring and CHIRP profiles off the Oregon coast, and 
retrieved seafloor receivers collecting magnetotelluric and passive seismic data offshore OR utilizing R/V 
Roger Revelle. SIO deployed geodetic transponders from R/V Roger Revelle along the Cascadia 
Subduction Zone off Oregon during June 2018, which were later retrieved. During June–August 2018, SIO 
conducted a cabled array survey offshore Oregon using the remote operated vehicle (ROV) Jason and R/V 
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IV. Environmental Consequences 

Roger Revelle.  As a component of this survey, a shallow profiler was installed and an ROV was deployed 
from R/V Thompson to turn instruments and/or moorings during July/August 2018. R/V Sally Ride was 
used by SIO to conduct biological sampling to assess mesozooplankton food webs off Oregon and northern 
California during July 2018, and deploy coastal surface moorings off Oregon and Washington during 
September–October 2018. SIO utilized two vessels to conduct sampling for a primary production study in 
the waters off the Northwest Pacific during August–September 2018, and collected atmospheric, water 
column and surficial sediment samples along 152ºW from Alaska to Tahiti using R/V Roger Revelle during 
September–October and October–November 2018.  

The Northwest Fisheries Science Center conducts the West Coast Groundfish Bottom Trawl Survey 
from May to October every year, covering the area twice (NOAA 2021b). The survey takes place from 
Cape Flattery to the U.S./Mexico border (NOAA 2021b). These surveys are conducted to assess 90 
commercially fished stocks to ensure sustainable fisheries (NOAA 2021b). 

The Oregon State University will be conducting a whale study off the coast of Oregon that is funded 
by the U.S. Office of Naval Research. The study will include the deployment of two hydrophones – one 
off Otter Rock Marine Reserve and the other just to the southwest of Newport. All activities associated 
with the study would occur within 16 km from shore. In addition, the PacWave development route and 
area is also located within 16 km from shore off Oregon. PacWave is an open ocean wave energy test 
facility located off Newport. 

NSF has funded a research project focused on (1) measuring particle motion and pressure from the 
survey and (2) behavioral responses of important marine species: rockfishes (Sebastes spp.), Dungeness 
crab, and longnose skate. The study, to be carried out by researchers from Oregon State University, would 
occur concurrently with the seismic survey off the coast of Oregon. 

The U.S. portion of the proposed survey area is the site of numerous other recent studies including 
of fluid seeps along the margin, and recent (2018 and 2019) as well as future high-resolution seismic studies 
by the USGS as part of their multi-year hazard assessment studies for the Pacific Northwest. There are also 
ongoing studies using the Ocean Observatories Initiative (OOI) regional cable underwater volcanic 
observatory, including nodes at Axial Seamount, Juan de Fuca Plate, Hydrate Ridge, and on the Oregon 
shelf. In addition to having an active volcano which erupted in 1998, 2011, and 2015, Axial Seamount has 
several hydrothermal fields (OOI 2018). Numerous geophysical, chemical, and biological sensors, as well 
as cameras, are deployed there, which provide real-time information on seismic events via a cabled array 
(OOI 2018).  

Drilling as a component of the Deep Sea Drilling Project (DSDP) and Ocean Drilling Program (ODP) 
was undertaken during 1971, 1992, and 2002 off Oregon (IODP 2019). Drilling was also conducted off 
B.C. and Washington during several ODP legs from 1991–1996, and in 2010, as a component of the IODP 
(IODP 2019). In addition, the IODP is proposing to drill at locations to be sited on the proposed seismic 
lines (IODP 2019). 

In addition, Ocean Networks Canada hosts NEPTUNE (North East Pacific Time-series Underwater 
Networked Experiments), an underwater fiber-optic cabled observatory network in the waters of B.C. This 
network consists of a 840-km loop of fibre optic cable with five nodes, located at Folger Passage (near 
Barkley Sound), Barkley Canyon, Clayoquot Sound, Cascadia Basin, and Endeavour Ridge (Ocean 
Networks Canada 2019a). Instrumentation at each node includes acoustic doppler current profilers, current 
meters, hydrophones, rotary sonars, bottom pressure recorders, video cameras, temperature probes, oxygen 
sensors, and LED lights (Ocean Networks Canada 2019b). 

Final Environmental Assessment/Analysis for L-DEO Cascadia Subduction Zone, 2021 Page 106 



  

       
           

       
       

     
       

          
    

      
 

   

            
        

        
     

            
    

       
      

    
      

        
    

     
  

   

       
          

    
   

        
      

    
        

            
         

    
   

   

    
     

   

      

IV. Environmental Consequences 

DFO and the Canadian Groundfish Research and Conservation Society (CGRCS) conduct regular 
surveys in B.C. to provide fishery independent abundance indices of all demersal fish species available to 
bottom trawling along the B.C. coast (DFO 2018e). A large-scale survey of marine megafauna off the coast 
of B.C. was undertaken by DFO during July to September 2018, as well as expeditions to offshore 
seamounts during July 2018 and July 2019 (DFO 2019d). At the Endeavour MPA, research projects, mainly 
by foreign vessels (4–7 per year) and Canadian Coast Guard (1–2 per year) vessels are undertaken 
(Conley 2006). The SWFSC conducts regular marine mammal surveys off the U.S. coast, including off 
Oregon/Washington. Other research activities may have been conducted in the past or may be conducted 
in the study area in the future; however, we are not aware of any research activities, in addition to the OOI, 
that are planned to occur in the proposed project area during late spring/summer 2021. 

4.1.6.2 Naval Activities 

In summer 2012, the U.S. Navy conducted a test sponsored by the Naval Sea Systems Command, 
who is responsible for the research, development, and construction of Navy systems.  They tested a towed 
array with an active acoustic source and a passive receiver. The primary test took place during both a north 
and south ship transit between San Diego, CA, and Puget Sound, WA, in the Pacific Northwest, when the 
ship was >12 nmi (~22 km) from the coast of the U.S. The Rose Festival Fleet Week occurs annually 
during October, for which visiting U.S. Navy ships (e.g., destroyers and mine countermeasure ships) and 
fleet-related elements (e.g., submarines) transit to Portland, OR (PRFF 2019). Seafair annually hosts 
visiting vessels from the U.S. Navy, U.S. Coast Guard, and Royal Canadian Navy during Fleet Week and 
the Boeing Maritime Celebration during July/August on the Seattle, WA, waterfront (Seafair 2018). Navy 
vessels may transit within or near the proposed survey area during any given year while travelling to west 
coast Fleet Week ports, depending on a ship’s originating location. Other Navy activities may have been 
or may be conducted in this region in the future as this area is included in the U.S. Navy’s Northwest 
Training and Testing Area, which extends up to 250 nmi offshore; however, we are not aware of any specific 
activities that are planned to occur in the proposed survey area during late spring/summer 2021. 

4.1.6.3 Vessel Traffic 

Several major ports are located on the northwestern coast of the U.S., including Seattle, Tacoma, and 
Portland, as well as Vancouver, B.C., and major shipping lanes originate there. Vessel traffic in the 
proposed survey area would consist mainly of commercial fishing and cargo vessels. Based on the data 
available through the Automate Mutual-Assistance Vessel Rescue (AMVER) system managed by the U.S. 
Coast Guard (USCG), most of the shipping lanes that intersect the survey area had 4 or fewer vessels 
travelling along them on a monthly basis during June–July 2019 (USCG 2019). At least 150 vessels 
occurred within the proposed survey area when live vessel traffic information (MarineTraffic 2019) was 
accessed on 1 October 2019; vessels mainly consisted of fishing vessels, but also included pleasure crafts, 
cruise ships, cargo vessels, tankers, and tugs. The total transit time by R/V Langseth (~40 days) would be 
minimal relative to the number of other vessels operating in the proposed survey area during late 
spring/summer 2021. Thus, the combination of R/V Langseth’s operations with the existing shipping 
operations is expected to produce only a negligible increase in overall ship disturbance effects on marine 
mammals.  

4.1.6.4 Fisheries Interactions 

The commercial fisheries in the region are described in § III. The primary contributions of fishing 
to potential cumulative impacts on marine mammals and sea turtles involve direct and indirect removal of 
prey items, sound produced during fishing activities, and potential entanglement (Reeves et al. 2003). 

Final Environmental Assessment/Analysis for L-DEO Cascadia Subduction Zone, 2021 Page 107 



  

     
     
     

     
   

         
      

      
   

     
           

    
 

      
       
       

       
          

   
      
          

       
   

       
  

      
      

      
        

 
      

      
        

 
        

      
        

   
    

   

         
          

       

      

IV. Environmental Consequences 

Marine mammals.—According to Lewison et al. (2014), the northwest coast of the U.S. has 
relatively high bycatch rates for marine mammals. Between 1990 and 1996, an average of 456 cetaceans 
and 160 pinnipeds were killed or seriously injured per year in the California/Oregon driftnet fishery.  As a 
result of regulatory action to reduce cetacean bycatch in 1997, bycatch was reduced to a yearly average of 
105 cetaceans (8 odontocete species and fin, minke, and gray whales) and 77 pinnipeds (California sea lion 
and northern elephant seal) during the 1997–2006 period (Moore et al. 2009). Before 2000, high bycatch 
of harbor porpoises, southern sea otters, and pinnipeds (California sea lion, harbor seals, and elephant seals) 
occurred in the set gillnet fishery for California halibut. The bycatch likely led to the decline of the harbor 
porpoise.  Restrictions applied between 2000 and 2002 effectively closed most of the fishery (Moore et al. 
2009). In 2009, based on observed bycatch, the estimated total bycatch in the California/Oregon large-mesh 
drift gillnet fishery for thresher sharks and swordfish was 7 short-beaked common dolphins, 15 Pacific 
white-sided dolphins, and 37 California sea lions (Carretta and Enriquez 2010).  

Three fisheries had marine mammal takes in the non-Pacific hake groundfish fisheries from 
2002–2005 (NMFS 2008c). An estimated 250 marine mammals were killed in the limited-entry bottom 
trawl fishery; bycatch estimates included 227.6 California sea lions, 11.5 Steller sea lions, 7.5 Pacific 
white-sided dolphins, and 3.1 harbor porpoises (NMFS 2008c). Bycatch in the limited-entry sablefish 
fishery was estimated at 29 California sea lions. Eight California sea lions were also killed in the 
non-sablefish endorsed fishery during the same period (NMFS 2008c). A number of pinnipeds were also 
caught in the west coast Pacific hake fishery; estimated bycatch for 2002–2006 included 2.5 harbor seals, 
8.3 Steller sea lions, 6.9 California sea lions, and 3.4 elephant seals (NMFS 2008c). During 2007–2009, 
bycatch totals for the U.S. west coast groundfish fishery included 19 California sea lions, 12 Steller sea 
lions, 12 northern elephant seals, 5 harbor seals, 1 Risso’s dolphin, 1 bottlenose dolphin, and 1 sperm whale 
(Jannot et al. 2011). The extent of bycatch is unknown in some fisheries that receive little or no observer 
coverage. In 2005, ~87 short-beaked common dolphins were killed in squid purse seines; an estimated 
5196 other marine mammals were caught but released alive across all other observed California purse seine 
fisheries (Carretta and Enriquez 2006).  In 2005, the bycatch for the Northwest Region (including Oregon) 
for the sablefish-endorsed fixed gear, groundfish bottom trawl, and mid-water hake trawl fisheries was 
estimated at 37 animals, including 33.7 California sea lions, 2.4 Steller sea lions, and 1.2 harbor seals 
(NMFS 2011b). From 2010–2014, Carretta et al. (2016) reported 85 large whales and 116 small cetaceans 
entangled in fishing gear for the U.S. west coast; there were 180 cases of pinniped injuries and mortalities 
in the hook and line fishery.  

Canada’s Pacific groundfish bottom trawl fishery operates off the B.C. coast; during 1996–2006 the 
following marine mammals were caught and discarded: Steller sea lions (50 incidents), northern fur seals 
(1 incident), California sea lions (3) , harbor seals (16), northern elephant seal (1), eared seals and walruses 
(6), other pinnipeds (32), Pacific white-sided dolphins (5), common dolphins (1), and unidentified porpoises 
and dolphins (8) (Driscoll et al. 2009).  Entanglement in fishing gear, and fishery-caused reduction in prey 
abundance, quality, and availability have been identified as threats to blue, fin, and sei whales (Gregr et al. 
2006) and Pacific harbor porpoise (COSEWIC 2016a). Between 1987 and 2008, there were 40 reports of 
humpbacks entangled in fishing gear in B.C.; humpbacks were entangled in gear from gillnet fisheries 
(salmon, herring roe), trap fisheries (crab, prawn, sablefish), groundfish long-line fisheries, and seine 
fisheries (Ford et al. 2009). Inshore fisheries in B.C. are also known to by-catch Pacific white-sided 
dolphins, harbor porpoises, and Dall’s porpoises (Stacey et al. 1997; Williams et al. 2008). 

Sea turtles.—According to Lewison et al. (2014) and Roe et al. (2014), the northwest coast of the 
U.S. has relatively low bycatch rates for sea turtles. Finkbeiner et al. (2011) reported that between 1990 
and 2007, the annual mean bycatch for sea turtles in the California/Oregon driftnet fishery was 30 
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IV. Environmental Consequences 

individuals before regulations came into effect, and <10 after regulations were put in place. Moore et al. 
(2009) reported that an average of 14 leatherbacks were killed annually in the California/Oregon drift gillnet 
fishery before regulations were implemented to reduce bycatch in 1997 and 2001. There was no bycatch 
reported for 2005 (NMFS 2011b). One sea turtle (a leatherback in 2008) was killed or injured in the west 
coast groundfish fishery in 2002–2009 off California (Jannot et al. 2011). Carretta and Enriquez (2010) 
reported one leatherback caught and released alive in 2009.  

Seabirds.—According to Lewison et al. (2014), the northwest coast of the U.S. has relatively low 
bycatch rates for seabirds. Net fisheries for salmon in Puget Sound have killed thousands of birds annually, 
mostly murres and auklets (Moore et al. 2009). Annual seabird bycatch in the set net fishery for California 
halibut during 1990–2001 ranged from 308–3259; most bycatch consisted of common murres, loons, 
grebes, and cormorants (Moore et al. 2009). Closure of the central California fishery in depths <110 m in 
2002 reduced bycatch to an estimated 61 seabirds in 2003 (Moore et al. 2009). The estimated take of 
seabirds in the non-Pacific hake fisheries during 2002–2005 totaled 575, half of which were common 
murres. Other species caught included Leach’s storm petrel, Brandt’s cormorant, black-footed albatross, 
western gull, and brown pelican (NMFS 2008c). Jannot et al. (2011) reported takes of 11 seabird species 
in the west coast groundfish fishery during 2002–2009, including marbled murrelets and short-tailed 
albatross; in 2009, northern fulmars made up most of the bycatch. The estimated take of seabirds in the 
Pacific hake fisheries during the same period was 50 birds, including seven black-footed albatrosses, five 
common murres, 23 northern fulmars, two sooty shearwaters, and 13 unidentified seabirds (NMFS 2008c). 
In 2005, the bycatch for the Northwest Region (including Oregon) was estimated at 106 birds for the west 
coast groundfish limited entry non-trawl, groundfish bottom trawl, and mid-water hake trawl fisheries, 
including 58.8 black-footed albatross, 35.6 brown pelicans, 3.8 gulls, 2 sooty shearwaters, 2 northern 
fulmars, 2 common murres, and 2 unidentified seabirds (NMFS 2011b). Smith and Morgan (2005) 
estimated that 12,085 seabirds were bycaught annually in the commercial gillnet fishery in B.C. between 
1995 and 2001, of which 95% succumbed.    
4.1.6.5 Tourism 

Various companies offer whale and dolphin watching off the coast of Oregon and Washington. 
Whale watching can occur in this area year-round (Oregon Coast Visitors Association 2019). The main 
focus of the whale watch industry is the southward gray whale migration from mid-December through 
January and their northbound migration from March–June (Oregon Coast Visitors Association 2019). 
However, some whales are resident off Oregon in the summer and can be seen there from June through 
November (Oregon Coast Visitors Association 2019). There are at least 11 whale watching boat charters 
along the coast of Oregon, including at Newport and Depoe Bay; whale watching flights are also carried 
out by at least six companies (Oregon Coast Visitors Association 2019).  Whale watching also takes place 
in Washington State, but most of the excursions occur near the San Juan Islands and inshore of the proposed 
project area.  Whalewatch operations also occur in B.C. waters, including in the Strait of Juan de Fuca and 
off the west coast of Vancouver Island, from ports such as Port Renfrew, Tofino, and Ucluelet.  
4.1.6.6 Whaling and Sealing 

There is limited whaling and sealing by indigenous groups in the Pacific Northwest. In the U.S., the 
Makah Tribe has historically hunted gray whales; in recent times, a gray whale was successfully hunted on 
17 May 1999 (NOAA 2015). NOAA has recently released a proposed rule to allow a limited hunt for gray 
whales by the Makah Tribe (NOAA 2019l). NOAA is currently considering a plan to cull sea lions on the 
Columbia River in order to benefit salmonid populations; under this plan, federal employees as well as 
indigenous tribes would remove sea lions (NOAA 2019m). In Canada, various First Nations harvest seals 
and sea lions, and some indigenous groups are advocating pinniped culls to benefit salmonid stocks. 
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IV. Environmental Consequences 

4.1.7 Unavoidable Impacts 

Unavoidable impacts to the species of marine mammals and turtles occurring in the proposed survey 
area would be limited to short-term, localized changes in behavior of individuals. For marine mammals, 
some of the changes in behavior may be considered to fall within the MMPA definition of “Level B 
Harassment” (behavioral disturbance; no serious injury or mortality). TTS, if it occurs, would be limited 
to a few individuals, is a temporary phenomenon that does not involve injury, and is unlikely to have long 
term consequences for the few individuals involved. No long-term or significant impacts would be 
expected on any of these individual marine mammals or turtles, or on the populations to which they belong; 
NMFS, however, requires NSF to request Level A takes. Effects on recruitment or survival would be 
expected to be (at most) negligible. 

4.1.8 Coordination with Other Agencies and Processes 
This Final EA has been prepared by LGL on behalf of L-DEO and NSF pursuant to NEPA and 

Executive Order 12114. Potential impacts to marine mammals, endangered species, and critical habitat 
have also been assessed in the document. The Draft EA was used to support the ESA Section 7 consultation 
process with NMFS and USFWS and other regulatory processes, such as the EFH and CZMA. Due to their 
involvement with the Proposed Action, the USGS also agreed to be a Cooperating Agency.  The Draft EA 
was also used as supporting documentation for an IHA application submitted by L-DEO to NMFS and 
USFWS, under the U.S. MMPA, for “taking by harassment” (disturbance) of small numbers of marine 
mammals, for the proposed seismic survey. NSF sent notices to potential interested parties and posted the 
Draft EA on the NSF website for a 30-day public comment period from 7 February 2020 to 7 March 2020; 
comments were received from three entities (Center for Biological Diversity, Oregon Department of Fish 
and Game, a private individual) and are addressed in Appendix E. NSF sent letters to tribal contacts to 
notify the tribes of the Proposed Action and NSF’s related environmental compliance review, including the 
availability of the Draft EA, and also to provide an opportunity to consult. NSF discussed the project with a 
point of contact from the Quinault Nation. NSF understands a letter was sent from the Makah Tribe to NSF 
highlighting some points of concern about the project; however, the letter was unfortunately not received by 
the agency. NSF has coordinated with a point of contact on the matter. 

NSF coordinated with NMFS to complete the Final EA prior to issuance of an IHA and Biological 
Opinion/ITS to accommodate NMFS’ need to adopt NSF’s Final EA as part of the NMFS NEPA process 
associated with issuing authorizations. NSF had enhanced coordination with NMFS and USFWS 
throughout the IHA and ESA consultation processes to facilitate this streamlined approach. NSF also 
coordinated with DFO. NSF, the researchers, and L-DEO coordinated with the Navy and fishers to avoid 
space-use conflicts and/or security matters. 

(a) Endangered Species Act (ESA) 

The Draft EA was used during the ESA Section 7 consultation process with NMFS and USFWS. On 
22 November 2019, NSF submitted a letter of concurrence request to USFWS that the proposed activity 
may affect but was not likely to adversely affect the endangered Hawaiian petrel and short-tailed albatross, 
and the threatened marbled murrelet. On 11 January 2020, USFWS provided a letter of concurrence 
(Appendix F) that the proposed activity “may affect” but was not likely to “adversely affect” the Hawaiian 
petrel and short-tailed albatross, but did not concur for marbled murrelet, requesting additional information 
related to this species. In subsequent discussions with USFWS, they also identified that the Proposed 
Action could have potential effects on bull trout. On 24 March 2020, NSF provided additional information 
to USFWS on marbled murrelet and bull trout and held subsequent discussions on these species. NSF 
notified USFWS on 29 May 2020 that the proposed survey would be deferred until spring/summer 2021 
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IV. Environmental Consequences 

due to COVID impacts and unfinalized federal regulatory processes, including the USFWS processes. On 
5 June 2020, NSF requested the consultation efforts be continued and concluded in a timely manner despite 
the deferral; an extension of the consultation period was not requested or agreed upon. NSF contacted 
USFWS on numerous subsequent occasions to request a status update and to complete the consultation; 
however, USFWS demonstrated no progress in concluding the consultation. A meeting with both agency 
management staff was held to address the matter on 26 February 2021.  On 12 April 2021, USFWS issued 
a Biological Opinion on these species to NSF noting that the proposed action may affect, but is not likely 
to adversely affect the bull trout and its critical habitat, and that the proposed actions is likely to adversely 
affect but is not likely to jeopardize the continued existence of the marbled murrelet (Appendix F). 
Mitigation measures for ESA-listed seabirds would include power downs, and if necessary, shut downs for 
diving or foraging seabirds within the EZ. 

On 8 November 2019, NSF submitted a formal ESA Section 7 consultation request, including the 
Draft EA, to NMFS for the proposed activity. NSF and NMFS held bi-weekly meetings to discuss the ESA 
consultation. NMFS conducted tribal outreach efforts consistent with Secretarial Order (#3206): American 
Indian Tribal Rights, Federal-Tribal Trust Responsibilities, and the Endangered Species Act, to help inform 
their consultation on this action. Letters were sent to tribes with potential interest in the consultation. On 
17 February 2021, NMFS held a webinar to discuss the project, including participation from representatives 
of tribes, NSF, and OCNMS. Per the request of the tribal representative attendees, an additional meeting 
focused on potential tribal fisheries interactions was held on 6 April 2021; NSF participated in the meeting. 

On 3 March 2021, NOAA received a letter from the Makah Tribal Council outlining their general 
support of the project but making several requests, including that NSF (1) notify Makah Fisheries 
Management when the survey start date is finalized with route plans and anticipated dates of surveys within 
the Makah U&A fishing area, as well as three days in advance of reaching the Makah U&A; (2) adopt the 
enhanced mitigation measure to restrict seismic survey operations to daylight hours and include a second 
observer vessel within the Makah U&A fishing area regardless of depth to better ensure that ESA-listed 
marine mammals are identified and avoided; and (3) identify opportunities to monitor for acoustic impacts 
associated with the seismic surveys and make this data available to Makah Fisheries Management. NOAA, 
with input from NSF, provided a response to the Makah Tribe on 21 April 2021. The Makah Tribe also 
requested government to government consultation with NOAA; however, later it was communicated that a 
consultation meeting with NOAA Fisheries was not needed. 

As previously noted, NSF had enhanced coordination with NMFS during the consultation process. 
Based on this enhanced coordination, NSF anticipates that a Biological Opinion and ITS will be issued for 
the proposed activity. As part of its decision-making process for the Proposed Action, NSF will take into 
consideration the Biological Opinion and ITS issued by NMFS and the results of the entire environmental 
review process. 

(b) Marine Mammal Protection Act (MMPA) 

The Draft EA was also used as supporting documentation for an IHA application submitted on 8 
November 2019 by L-DEO on behalf of itself, NSF, and the researchers, to NMFS, under the U.S. MMPA, 
for “taking by harassment” (disturbance) of small numbers of marine mammals during the proposed seismic 
survey. NSF and NMFS held bi-weekly meetings to discuss the IHA application. On 7 April 2019, NMFS 
issued in the Federal Register a notice of intent to issue an IHA for the survey and a 30-day public comment 
period. Public comments were received from three entities during that process, including the Center for 
Biological Diversity, Ecojustice, and Deep Green Wilderness; NMFS considered the comments and will 
provide responses as required per the IHA process. As previously noted, NSF had enhanced coordination 
with NMFS and USFWS during the IHA application process. Based on this enhanced coordination, NSF 
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IV. Environmental Consequences 

anticipates that an IHA will be issued for the proposed activity.  As part of its decision-making process for 
the Proposed Action, NSF will take into consideration the IHA issued by NMFS and the results of the entire 
environmental review process. 

The Draft EA was also used as supporting documentation for an IHA application submitted on 
20 December 2019 by L-DEO on behalf of itself, NSF, and the researchers, to USFWS, under the U.S. 
MMPA, for “taking by harassment” (disturbance) of small numbers of marine mammals during the 
proposed seismic survey.  NSF had additional dialog and correspondence with USFWS regarding the IHA 
application, including providing additional supplemental information. After discussions with USFWS staff, 
NSF agreed to eliminate survey tracklines near sea otter habitat, including most activities within the 100 m 
isobath. NSF notified USFWS on 29 May 2020 that the proposed survey would be deferred until 
spring/summer 2021 due to COVID impacts and unfinalized federal regulatory processes, including the 
USFWS IHA process. On 5 June 2020, NSF requested the IHA application continue to be processed in a 
timely manner despite the deferral. On 1 March 2021, USFWS issued in the Federal Register a notice of 
intent to issue an IHA for the survey and a 30-day public comment period (Appendix D). Public comments 
were received from three entities during that process, including from the Marine Mammal Commission; 
USFWS considered the comments and will provide responses as required per the IHA process. USFWS 
issued an IHA for the proposed activity on 20 April 2021 (Appendix D). As part of its decision-making 
process for the Proposed Action, NSF has taken into consideration the IHA issued by USFWS and the 
results of the entire environmental review process. 

(c) Coastal Zone Management Act (CZMA) 

On 20 December 2019, NSF submitted a determination that the Proposed Action was consistent to 
the maximum extent practicable with the enforceable policies of Oregon’s Coastal Zone Management 
Program. On 4 March 2020, the Oregon Department of Land Conservation and Development confirmed 
presumed concurrence with the NSF determination that the proposed activity is consistent to the maximum 
extent practicable with the enforceable policies of Oregon’s CZM Program (Appendix G). During this 
process, some concerns were raised related to potential space-use conflicts with fishers; however, as noted 
in Section 4.1.2.4 and 4.1.5, NSF anticipates limited space-use conflict with fishers. Outreach efforts and 
coordination with members of the fishing industry have occurred to help further reduce any potential 
space-use conflicts. For example, the researchers have prepared and plan to distribute flyers and digital 
maps of the proposed tracklines and OBS/OBN deployments to the fishing community to avoid conflicts, 
including fishing gear stores in Oregon coastal towns. During operations, the vessels would communicate 
with other ocean users via Notice to Mariners and radio communications. Researchers engaged with the 
commercial fishing community through organizations like the Oregon Fishermen’s Cable Committee 
(OFCC) and the Scientists and Fishermen Exchange (SAFE) Program from Oregon Sea Grant. As a result 
of researcher participation in OFCC virtual meetings, the survey vessel operator is exploring whether 
Automatic Identification System (AIS) can be added to the streamer tail buoy. 

On 8 January 2020, NSF submitted a determination that the Proposed Action was consistent to the 
maximum extent practicable with the enforceable policies of Washington’s Coastal Zone Management 
Program. On 23 March 2020, the State of Washington Department of Ecology, pursuant to the Coastal 
Zone Management Act of 1972 as amended, concurred with NSF’s determination that the proposed work 
is consistent with Washington’s CZMP, and that NSF demonstrated that the proposed action is consistent 
with the CZMP’s enforceable policies found in Washington’s Ocean Resource’s Management Act and the 
Ocean Management Guidelines, which call for no long-term significant impacts to Washington’s coastal 
zone resources or uses (Appendix G). 
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IV. Environmental Consequences 

(d) National Marine Sanctuary Act/Olympic Coast National Marine Sanctuary 

On 19 December 2019, LDEO submitted a permit application to OCNMS for activities that would 
occur within the Sanctuary. A Sanctuary Resource Statement (SRS) was submitted to the Office of National 
Marine Sanctuaries (ONMS) on 16 March 2020 by NSF and NMFS. After the survey originally scheduled 
for 2020 was deferred, the permit was updated for the spring/summer 2021 timeframe and resubmitted to 
OCNMS on 15 June 2020. As part of the permit process, OCNMS also sought input on the application 
from the Hoh, Makah, Quileute, and Quinault Tribes. On 19 May 2020, Quileute Tribe submitted 
comments on the permit application to OCNMS. In particular, the Tribe stated that they did not support 
the abandonment of any equipment in the marine environment, including the OBS anchors. No OBSs or 
anchors would be deployed within the Quileute Tribal U&A Fisheries. Based on this input, however, NSF 
modified the originally proposed plan to use within the Sanctuary steel anchors for the OBSs to concrete 
anchors, which while still cannot be retrieved, should degrade faster and mainly to sand. 

NSF contacted OCNMS on multiple occasions to inquire about the status of the SRS and permit. 
After requesting additional information in January 2021, a revised SRS was submitted on 22 January 2021. 
ONMS found, on 27 January 2021, that the SRS was sufficient to make an injury determination. In their 
final determination dated 12 March 2021, ONMS made two alternative recommendations to further 
minimize injury and protect sanctuary resources: (1) limit operations in OCNMS to daylight hours only 
regardless of depth, and (2) use of the secondary support vessel aiding in marine mammal observations 
throughout the entire sanctuary (Appendix H). On 19 March 2021, NSF notified OCNMS the alternative 
recommendations were accepted and understood no further consultation with OCNMS was necessary prior 
to conducting the Proposed Action. OCNMS issued the permit on 2 April 2021 (Appendix H). 

(e) Essential Fish Habitat (EFH) 

EFH and HAPCs were identified to occur within the proposed survey area. Although NSF 
anticipated no significant impacts to EFH and HAPC, as the Proposed Action may affect EFH and HAPC, 
in accordance with the Magnuson-Stevens Fishery Conservation and Management Act, NSF requested 
consultation with NMFS on 14 November 2019. In discussions with NMFS, it was determined to 
incorporate the EFH process into the ESA consultation.  

(f) Canadian Department of Fisheries and Oceans 

An application for a Species at Risk permit application was submitted on 19 December 2019. After 
discussion with DFO staff, the Species at Risk application was revised and resubmitted along with a 
Fisheries Act Request for Review on 18 December 2020. After consultation with DFO, all proposed 
transect lines and their associated 160-dB ensonified area were moved out of Canadian critical habitat for 
southern resident killer hales. On 6 April 2021, DFO issued a Letter of Advice with measures to follow to 
avoid causing the death of fish (including marine mammals) and/or harmful alteration, disruption, or 
destruction of fish habitat, or causing prohibited effects to SARA species, any part of their critical habitat 
or the residences of their individuals (Appendix J). The most stringent measures presented in either the 
DFO letter or the IHA to be issued by NMFS would be implemented within the Canadian EEZ. In addition, 
L-DEO and NSF would comply with DFO’s “Measurement measures to protect southern resident killer 
whales”, and the “Statement of Canadian Practice with respect to the Mitigation of Seismic Sound in the 
Marine Environment”, as much as practicable and where these measures are more stringent than required 
by DFO or NMFS.  
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4.2 No Action Alternative 

An alternative to conducting the proposed activity is the “No Action” Alternative, i.e., do not issue 
an IHA and do not conduct the operations. If the research were not conducted, the “No Action” alternative 
would result in no disturbance to marine mammals or sea turtles attributable to the proposed activity; 
however, valuable data about the marine environment would be lost. Research that would contribute to our 
understanding of the Cascadia Subduction Zone, providing new constraints on earthquake and tsunami 
potential in this heavily populated region of the Pacific Northwest. would not be collected. The No Action 
Alternative would not meet the purpose and need for the proposed activity. 
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Appendix A 

APPENDIX A: DETERMINATION OF MITIGATION ZONES 

During the planning phase, mitigation zones for the proposed marine seismic survey were calculated 
based on both modeling by L-DEO for the Level A and Level B (160 dB re 1µParms) thresholds and using 
empirical measurements from Crone et al. (2014) from the Cascadia Margin. Received sound levels have 
been predicted by L-DEO’s model (Diebold et al. 2010, provided as Appendix H in the PEIS) as a function 
of distance from the 36-airgun array and for a single 1900LL 40-in3 airgun, which would be used during 
power downs; all models used a 12-m tow depth. This modeling approach uses ray tracing for the direct 
wave traveling from the array to the receiver and its associated source ghost (reflection at the air-water 
interface in the vicinity of the array), in a constant-velocity half-space (infinite homogeneous ocean layer, 
unbounded by a seafloor). In addition, propagation measurements of pulses from the 36-airgun array at a 
tow depth of 6 m have been reported in deep water (~1600 m), intermediate water depth on the slope 
(~600–1100 m), and shallow water (~50 m) in the Gulf of Mexico (GoM) in 2007–2008 (Tolstoy et 
al. 2009; Diebold et al. 2010). 

Typically for deep and intermediate-water cases, the field measurements cannot be used readily to 
derive mitigation radii, as at those sites the calibration hydrophone was located at a roughly constant depth 
of 350–500 m, which may not intersect all the sound pressure level (SPL) isopleths at their widest point 
from the sea surface down to the maximum relevant water depth for marine mammals of ~2000 m (Costa 
and Williams 1999). Figures 2 and 3 in Appendix H of the PEIS show how the values along the maximum 
SPL line that connects the points where the isopleths attain their maximum width (providing the maximum 
distance associated with each sound level) may differ from values obtained along a constant depth line. At 
short ranges, where the direct arrivals dominate and the effects of seafloor interactions are minimal, the 
data recorded at the deep and slope sites are suitable for comparison with modeled levels at the depth of the 
calibration hydrophone. At longer ranges, the comparison with the mitigation model—constructed from 
the maximum SPL through the entire water column at varying distances from the airgun array—is the most 
relevant.  The results are summarized below. 

In deep and intermediate-water depths, comparisons at short ranges between sound levels for direct 
arrivals recorded by the calibration hydrophone and model results for the same array tow depth are in good 
agreement (Fig. 12 and 14 in Appendix H of the PEIS). Consequently, isopleths falling within this domain 
can be predicted reliably by the L-DEO model, although they may be imperfectly sampled by measurements 
recorded at a single depth. At greater distances, the calibration data show that seafloor-reflected and 
sub-seafloor-refracted arrivals dominate, whereas the direct arrivals become weak and/or incoherent 
(Fig. 11, 12, and 16 in Appendix H of the PEIS). Aside from local topography effects, the region around 
the critical distance (~5 km in Fig. 11 and 12, and ~4 km in Fig. 16 in Appendix H of the PEIS) is where 
the observed levels rise closest to the mitigation model curve. However, the observed sound levels are 
found to fall almost entirely below the mitigation model curve (Fig. 11, 12, and 16 in Appendix H of the 
PEIS). Thus, analysis of the GoM calibration measurements demonstrates that although simple, the L-DEO 
model is a robust tool for conservatively estimating mitigation radii. In shallow water (<100 m), the depth 
of the calibration hydrophone (18 m) used during the GoM calibration survey was appropriate to sample 
the maximum sound level in the water column, and the field measurements reported in Table 1 of Tolstoy 
et al. (2009) can be scaled for the single airgun at a tow depth of 6 m to derive mitigation radii. 

L-DEO collected a multichannel seismic (MCS) data set from R/V Langseth on an 8 km streamer in 
2012 on the shelf of the Cascadia Margin in water up to 200 m deep that allowed Crone et al. (2014) to 
analyze the hydrophone streamer (>1100 individual shots). These empirical data were then analyzed to 
determine in situ sound levels for shallow and upper intermediate water depths to provide mitigation radii. 
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This analysis is summarized in the Addendum at the end of this Appendix. Similarly, data collected by 
Crone et al. (2017) during a survey off New Jersey in 2014 and 2015 confirmed that in situ measurements 
and estimates of the 160- and 180-dB distances collected by R/V Langseth hydrophone streamer were 2–3 
times smaller than the predicted operational mitigation radii.  In fact, five separate comparisons conducted 
of the L-DEO model with in situ received levels8 have confirmed that the L-DEO model generated 
conservative threshold distances, resulting in significantly larger mitigation zones than required by National 
Oceanic and Atmospheric Administration’s (NOAA) National Marine Fisheries Service (NMFS). 

The proposed surveys would acquire data with the 36-airgun array at a maximum tow depth of 12 m. For 
deep water (>1000 m), we use the deep-water radii obtained from L-DEO model results down to a maximum 
water depth of 2000 m (Fig. A-1; Table A-1). The radii for the shallow and intermediate water depths are 
taken from the empirical data from Crone et al. (2014) and corrected for tow depth (ie., multiplied by 1.15; 
see Addendum). Similarly, 175 dBRMS distances have been determined using the same methodology and 
are provided in Table A-1. Measurements have not been reported for the single 40-in3 airgun. L-DEO 
model results are used to determine the 160-dBrms radius for the 40-in3 airgun at a 12-m tow depth in deep 
water (Fig. A-3). For intermediate-water depths, a correction factor of 1.5 was applied to the deep-water 
model results. For shallow water, a scaling of the field measurements obtained for the 36-airgun array was 
used. The 150-dB SEL level corresponds to a deep-water radius of 431 m for the 40-in3 airgun at 12-m tow 
depth (Fig. A-3) and 7244 for the 36-airgun array at 6-m tow depth (Fig. A-2), yielding a scaling factor of 
0.0595. Similarly, the 165-dB SEL level corresponds to a deep-water radius of 77 m for the 40-in3 airgun 
at 12-m tow depth (Fig. A-3) and 1284 m for the 36-airgun array at 6-m tow depth (Fig. A-2), yielding a 
scaling factor of 0.060. The 185-dB SEL level corresponds to a deep-water radius of 7.5 m for the 40-in3 

airgun at 12-m tow depth (Fig. A-3) and 126.3 m for the 36-airgun array at 6-m tow depth (Fig. A-2), 
yielding a scaling factor of 0.0594. Measured 160- and 175-dB re 1µParms distances in shallow water for 
the 36-airgun array towed at 6-m depth were 17.5 km and 2.8 km, respectively, based on a 95th percentile 
fit (Tolstoy et al. 2009).  Multiplying by the scaling factors to account for the difference in array sizes and 
tow depths yields distances of 1041 m and 170 m, respectively. 

8 L-DEO surveys off the Yucatán Peninsula in 2004 (Barton et al. 2006; Diebold et al. 2006), in the Gulf of Mexico 
in 2008 (Tolstoy et al. 2009; Diebold et al. 2010), off Washington and Oregon in 2012 (Crone et al. 2014), and off 
New Jersey in 2014 and 2015 (Crone et al. 2017). 
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Appendix A 

FIGURE A-1. Modeled deep-water received sound exposure levels (SELs) from the 36-airgun array at a 12-
m tow depth planned for use during the proposed surveys in the Northeast Pacific Ocean. Received rms 
levels (SPLs) are expected to be ~10 dB higher. For example, the radius to the 150-dB SEL isopleth is a 
proxy for the 160-dB rms isopleth.  The upper plot is a zoomed-in version of the lower plot. 
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Appendix A 

Figure A-2. Modeled deep-water received sound exposure levels (SELs) from the 36-airgun array at a 6-m 
tow depth used during the GoM calibration survey. Received rms levels (SPLs) are expected to be 
~10 dB higher. For example, the radius to the 150 dB SEL isopleth is a proxy for the 
160-dB rms isopleth.  The upper plot is a zoomed-in version of the lower plot. 

Final Environmental Assessment/Analysis for L-DEO Cascadia Subduction Zone, 2021 A-4 



 

   

          
              

    

     

SEL 170, 180and 185 dB contours (Xline), one 1900LL 40 cu in gun@ 12 m tow depth RC=-0.96 

-20 ( 
- 30 

\ 
-40 

I 
.c 
15. 
~ - 50 

-60 

- 70 

- 80 

- 50 - 40 - 30 - 20 - 10 0 10 20 3C 40 50 
Port -- Distance (m) - - Starboard 

SEL 150, 160, 165 and 170 dB contours, one 1900LL 40 cu in gun @ 12 m tow depth RC=- 0 96 

- 100 -

- 200 
150 

- 3CO 

I 
.c 
15. 

" 0 - 400 

- 500 

- 600 

- 700 

- 500 -400 - 200 - 100 0 100 200 300 400 500 
Port -- Distance (m) -- Starboard 

Appendix A 

FIGURE A-3. Modeled deep-water received SELs from a single 40-in3 airgun towed at a 12-m depth, which 
is planned for use as a mitigation airgun during the proposed surveys in the Northeast Pacific Ocean. 
Received rms levels (SPLs) are expected to be ~10 dB higher. For example, the radius to the 150-dB SEL 
isopleth is a proxy for the 160-dB rms isopleth.  The upper plot is a zoomed-in version of the lower plot. 
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Table A-1 shows the distances at which the 160-dB and 175-dB re 1µParms sound levels are expected 
to be received for the 36-airgun array and the single (mitigation) airgun. The 160-dB level is the behavioral 
disturbance criteria (Level B) that is used by NMFS to estimate anticipated takes for marine mammal. The 
175-dB level is used by NMFS, based on data from the USN (2017), to determine behavioral disturbance 
for turtles. A recent retrospective analysis of acoustic propagation of Langseth sources in a coastal/shelf 
environment from the Cascadia Margin off Washington suggests that predicted (modeled) radii (using an 
approach similar to that used here) for Langseth sources were 2–3 times larger than measured in shallow 
water, so in fact, as expected, were very conservative (Crone et al. 2014). Similarly, data collected by 
Crone et al. (2017) during a survey off New Jersey in 2014 and 2015 confirmed that in situ measurements 
and estimates of the 160- and 180-dB distances collected by the Langseth hydrophone streamer were 2–3 
times smaller than the predicted operational mitigation radii.  In fact, five separate comparisons conducted 
of the L-DEO model with in situ received levels9 have confirmed that the L-DEO model generated 
conservative EZs, resulting in significantly larger EZs than required by National Oceanic and Atmospheric 
Administration’s (NOAA) National Marine Fisheries Service (NMFS). 

In July 2016, NMFS released technical guidance for assessing the effects of anthropogenic sound on 
marine mammal hearing (NMFS 2016, 2018). The guidance established new thresholds for permanent 
threshold shift (PTS) onset or Level A Harassment (injury), for marine mammal species. The new noise 
exposure criteria for marine mammals account for the newly-available scientific data on temporary 
threshold shifts (TTS), the expected offset between TTS and PTS thresholds, differences in the acoustic 
frequencies to which different marine mammal groups are sensitive, and other relevant factors, as 
summarized by Finneran (2016). For impulsive sources, onset of PTS was assumed to be 15 dB or 6 dB 
higher when considering SELcum and SPLflat, respectively. The new guidance incorporates marine mammal 
auditory weighting functions (Fig. A-4) and dual metrics of cumulative sound exposure level (SELcum over 
24 hours) and peak sound pressure levels (SPLflat). Different thresholds are provided for the various hearing 
groups, including low-frequency (LF) cetaceans (e.g., baleen whales), mid-frequency (MF) cetaceans (e.g., 
most delphinids), high-frequency (HF) cetaceans (e.g., porpoise and Kogia spp.), phocids underwater (PW), 
and otariids underwater (OW).  The largest distance of the dual criteria (SELcum or Peak SPLflat) was used 
to calculate takes and Level A threshold distances.  The dual criteria for sea turtles (USN 2017) were also 
used here. The new NMFS guidance did not alter the current threshold, 160 dB re 1µParms, for Level B 
harassment (behavior). Southall et al. (2019) provided updated scientific recommendations regarding noise 
exposure criteria which are similar to those presented by NMFS (2016, 2018), but include all marine 
mammals (including sirenians), and a re-classification of hearing groups. 

The SELcum for the Langseth array is derived from calculating the modified farfield signature. The 
farfield signature is often used as a theoretical representation of the source level. To compute the farfield 
signature, the source level is estimated at a large distance directly below the array (e.g., 9 km), and this 
level is back projected mathematically to a notional distance of 1 m from the array’s geometrical center. 
However, it has been recognized that the source level from the theoretical farfield signature is never 
physically achieved at the source when the source is an array of multiple airguns separated in space 

9 L-DEO surveys off the Yucatán Peninsula in 2004 (Barton et al. 2006; Diebold et al. 2006), in the Gulf of Mexico 
in 2008 (Tolstoy et al. 2009; Diebold et al. 2010), off Washington and Oregon in 2012 (Crone et al. 2014), and off 
New Jersey in 2014 and 2015 (Crone et al. 2017). 

Final Environmental Assessment/Analysis for L-DEO Cascadia Subduction Zone, 2021 A-6 



 

            

           
   

 
 

 
 

 
 

 

  

 

  

 
  

  

 

 

 

 

 

 
 

 

 
 

 

 

  

 

 

 

 

 

 

 

 

      
                 
                  
        
                  

           
 

     

Auditory weigihting functions for the 5 marine mammal hearing groups 
(Low, Mid, High Frequency Clllaceans r, lllaclt. magenta alld llkffl ,espoc:IM>l)' and 1he Phocld and Otariid pmiped• n g,_.,. alld cyan. respectively) 

0 . - LF 

- MF 

Q) 
"O 

-~ 

0.-20 
E 
ro 
c:: 
.Q 
u .30 c:: 
~ ...... 
0) 
c:: 
:E -40 
0) 

'ci> 
~ 

-50 

- HF . _ _. . . - .. -: ~ ' 

- PP . 

- OP : : :::: 
·.· ·, .· .. -, ; . 

-.. -.... -.·-- ·v· · • ' - . . --· · . 
; • I'•••• I 

J • , , I • I , I 

I • , o 1 •• I 

: 70·::::·.:: 
• t • , • • •• I 

o t • , • ••• I 
• • • • • •,• ••• • ,•••••,;IO I Ill 

• I • • I• ••I 1 

0 I I••,,, I 

0 I • I'•••• 1 . . ''. ... ' 
• f • I I• •1 I I 

'/ : -60 '-----'-"--''---'-............ _._._.....___....._......._......._. ............. ......__.........__.___.'-'-.._._........_ _ _.___._...._._........._.U,..,L_ _ _.__.._...__._..........._ ........... ___, 

0.001 0.01 0.1 1 10 100 
Frequency (kHz) 

Appendix A 

TABLE A-13. Level B. Predicted distances to which sound levels 160-dB and 175-dB re 1 μParms could 
be received during the proposed surveys in the Northeast Pacific Ocean. The 160-dB criterion applies to 
all hearing groups of marine mammals and the 175-dB criterion applies to sea turtles. 

Source and 
Volume 

Tow 
Depth (m) 

Water Depth 
(m) 

Predicted distances 
(in m) to the 160-dB 

Received Sound Level 

Predicted distances 
(in m) to the 175-dB 

Received Sound Level 

Single Bolt airgun, 
40 in3 12 

>1000 m 

100–1000 m 

<100 m 

4311 

6472 

1,0413 

771* 

1162 

1703 

4 strings, 
36 airguns, 

6600 in3 

12 

>1000 m 

100–1000 m 

<100 m 

6,7331 

9,4684 

12,6504 

1,8641 

2,5424 

3,9244 

1 Distance is based on L-DEO model results. 
2 Distance is based on L-DEO model results with a 1.5 × correction factor between deep and intermediate water depths. 
3 Distance is based on empirically derived measurements in the GOM with scaling applied to account for differences in tow depth. 
4 Based on empirical data from Crone et al. (2014). 
* An EZ of 100 m would be used as the shut-down distance for sea turtles in all water depths. 

FIGURE A-4. Auditory weighting functions for five marine mammal hearing groups from the NMFS Technical 
Guidance Spreadsheet. 
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(Tolstoy et al. 2009). Near the source (at short ranges, distances <1 km), the pulses of sound pressure from 
each individual airgun in the source array do not stack constructively as they do for the theoretical farfield 
signature.  The pulses from the different airguns spread out in time such that the source levels observed or 
modeled are the result of the summation of pulses from a few airguns, not the full array (Tolstoy et al. 
2009). At larger distances, away from the source array center, sound pressure of all the airguns in the array 
stack coherently, but not within one time sample, resulting in smaller source levels (a few dB) than the 
source level derived from the farfield signature. Because the farfield signature does not take into account 
the large array effect near the source and is calculated as a point source, the farfield signature is not an 
appropriate measure of the sound source level for large arrays. 

To estimate SELcum and Peak SPL, we used the acoustic modeling developed at L-DEO (same as 
used for Level B takes) with a small grid step in both the inline and depth directions. The propagation 
modeling takes into account all airgun interactions at short distances from the source including interactions 
between subarrays which we do using the NUCLEUS software to estimate the notional signature and the 
MATLAB software to calculate the pressure signal at each mesh point of a grid.  

PTS onset acoustic thresholds estimated in the NMFS User Spreadsheet rely on overriding the default 
values and calculating individual adjustment factors (dB) based on the modified farfield and by using the 
difference between levels with and without weighting functions for each of the five categories of hearing 
groups.  The new adjustment factors in the spreadsheet allow for the calculation of SELcum isopleths in the 
spreadsheet and account for the accumulation (Safe Distance Methodology) using the source characteristics 
(source velocity and duty) after Sivle et al. (2014).  A source velocity of 2.2 m/s and a 1/Repetition rate of 
17.3 s were used as inputs to the NMFS User Spreadsheet for calculating the distances to the SELcum PTS 
thresholds (Level A) for the 36-airgun array and the single 40-in3 mitigation airgun. 

For the LF cetaceans, we estimated a new adjustment value by computing the distance from the 
geometrical center of the source to where the 183 dB SELcum isopleth is the largest. We first ran the 
modeling for a single shot without applying any weighting function; we then ran the modeling for a single 
shot with the LF cetacean weighting function applied to the full spectrum. The difference between these 
values provides an adjustment factor and assumes a propagation of 20log10(Radial distance). 

However, for MF and HF cetaceans, and OW and PW pinnipeds, the modeling for a single shot with 
the weighted function applied leads to 0-m isopleths; the adjustment factors thus cannot be derived the same 
way as for LF cetaceans. Hence, for MF and HF cetaceans, and OW and PW pinnipeds, the difference 
between weighted and unweighted spectral source levels at each frequency up to 3 kHz was integrated to 
actually calculate these adjustment factors in dB. These calculations also account for the accumulation 
(Safe Distance Methodology) using the source characteristics (duty cycle and speed) after Sivle et al. 
(2014). 

For the 36-airgun array, the results for single shot SEL source level modeling are shown in Table A-2. 
The weighting function calculations, thresholds for SELcum, and the distances to the PTS thresholds for the 
36-airgun array are shown in Table A-3. Figure A-5 shows the impact of weighting functions by hearing 
group. Figures A-6–A-8 show the modeled received sound levels for single shot SEL without applying 
auditory weighting functions for various hearing groups. Figure A-9 shows the modeled received sound 
levels for single shot SEL with weighting for LF cetaceans. 
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TABLE A-2. Results for single SEL source level modeling for the 36-airgun array with and without applying 
weighting functions to the five marine mammal hearing groups and sea turtles. The modified farfield 
signature is estimated using the distance from the source array geometrical center to where the SELcum 

threshold is the largest. A propagation of 20 log10 (Radial distance) is used to estimate the modified farfield 
SEL. 
SELcum Threshold 183 185 155 185 203 

Radial Distance (m) 
(no weighting 315.5691 246.4678 8033.2 246.4678 28.4413 25.1030 

function) 
Modified Farfield SEL 232.9819 232.8352 233.0978 232.8352 232.0790 231.9945 

Radial Distance (m) 
(with weighting 71.3752 N.A. N.A. N.A. N.A. N.A. 

function) 
Adjustment (dB) -12.91 N.A. N.A. N.A. N.A. N.A. 

* Propagation of 20 log R.  N.A. means not applicable or not available. 

TABLE A-3. Results for single shot SEL source level modeling for the 36-airgun array with weighting function 
calculations for the SELcum criteria, as well as resulting isopleths to thresholds for hearing groups. 

STEP 1: GENERAL PROJECT INFORMATION

PROJECT TITLE

PROJECT/SOURCE 

INFORMATION

Please include any assumptions

PROJECT CONTACT

STEP 2: WEIGHTING FACTOR ADJUSTMENT Specify if relying on source-specific WFA, alternative weighting/dB adjustment, or if using default value

Weighting Factor Adjustment (kHz)
¥ NA

* BROADBAND Sources: Cannot use WFA higher than maximum applicable frequency (See GRAY tab for more information on WFA applicable frequencies)

STEP 3: SOURCE-SPECIFIC INFORMATION

NOTE: Choose either F1 OR F2 method to calculate isopleths (not required to fill in sage boxes for both) NOTE: LDEO modeling relies on Method F2

F2: ALTERNATIVE METHOD
†
 TO CALCULATE PK and SELcum (SINGLE STRIKE/SHOT/PULSE EQUIVALENT)

SELcum

Source Velocity (meters/second) 2.16067 4.2 knots

1/Repetition rate^ (seconds) 17.35573 37.5 m/2.16067

†Methodology assumes propagation of 20 log R; Activity duration (time) independent

^
Time between onset of successive pulses.

Modified farfield SEL 232.9819 232.8352 233.0978 232.8352 232.079 231.9945

Source Factor 1.14485E+22 1.10682E+22 1.17581E+22 1.10682E+22 9.29945E+21 9.12026E+21

RESULTANT ISOPLETHS* *Impulsive sounds have dual metric thresholds (SELcum & PK). Metric producing largest isopleth should be used. 

Hearing Group
Low-Frequency 

Cetaceans

Mid-Frequency 

Cetaceans

High-Frequency 

Cetaceans

Phocid 

Pinnipeds

Otariid 

Pinnipeds
Sea Turtles

SELcum Threshold 183 185 155 185 203 204

PTS SELcum Isopleth to 

threshold (meters)
426.9 0.0 1.3 13.9 0.0 20.5

WEIGHTING FUNCTION CALCULATIONS

Weighting Function 

Parameters

Low-Frequency 

Cetaceans 

Mid-Frequency 

Cetaceans 

High-Frequency 

Cetaceans

Phocid 

Pinnipeds 

Otariid 

Pinnipeds 
Sea Turtles

a 1 1.6 1.8 1 2 1.4

b 2 2 2 2 2 2

f1 0.2 8.8 12 1.9 0.94 0.077
f2 19 110 140 30 25 0.44
C 0.13 1.2 1.36 0.75 0.64 2.35

Adjustment (dB)† -12.91 -56.70 -66.07 -25.65 -32.62 -4.11 OVERIDE Using LDEO Modeling

† If a user relies on alternative weighting/dB adjustment rather than relying upon the WFA 

(source-specific or default), they may override the Adjustment (dB) (row 62), and enter the 

new value directly. However, they must provide additional support and documentation 

supporting this modification.

Source : 4 string 36 element 6600 cu.in of the R/V Langseth at a 12 m towed depth. Shot inteval of 

37.5 m. Source velocity of 4.2 knots

Override WFA: Using LDEO modeling¥ 
Broadband: 95% frequency contour percentile (kHz) OR Narrowband: 

frequency (kHz); For appropriate default WFA: See INTRODUCTION 

tab

†For LF cetaceans, the adjustment factor (dB) is derived by estimating the radial distance of the 183-dB isopleth without 
applying the weighting function and a second time with applying the weighting function. Adjustment was derived using 
a propagation of 20*log10 (Radial distance) and the modified farfield signature. For MF and HF cetaceans, pinnipeds, 
and sea turtles, the difference between weighted–unweighted spectral source levels at each frequency was integrated 
to calculate adjustment factors (see spectrum levels in Figure A-5). 
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FIGURE A-5. Modeled amplitude spectral density of the 36-airgun array farfield signature. Amplitude 
spectral density before (black) and after (colors) applying the auditory weighting functions for LF, MF, and 
HF cetaceans, Phocid Pinnipeds (PP), Otariid Pinnipeds (OP), and Sea Turtles. Modeled spectral levels 
are used to calculate the difference between the unweighted and weighted source level at each frequency 
and to derive the adjustment factors for the hearing groups as inputs into the NMFS User Spreadsheet.  

FIGURE A-6. Modeled received sound levels (SELs) in deep water from the 36-airgun array. The plot 
provides the radial distance from the geometrical center of the source array to the 155-dB SEL isopleth 
(8033 m). Radial distance allows us to determine the modified farfield SEL using a propagation of 
20log10(radial distance). 
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FIGURE A-7. Modeled received sound levels (SELs) in deep water from the 36-airgun array. The plot 
provides the radial distance from the geometrical center of the source array to the 183–185-dB SEL 
isopleths (315.6 and 246.5 m, respectively). 

FIGURE A-8. Modeled received sound levels (SELs) in deep water from the 36-airgun array. The plot 
provides the radial distance from the geometrical center of the source array to the 203-dB and 204-dB SEL 
isopleth (28.4 m and 25.1 m, respectively). 
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FIGURE A-9. Modeled received sound exposure levels (SELs) from the 36-airgun array at a 12-m tow depth, 
after applying the auditory weighting function for the LF cetaceans hearing group following the NMFS 
Technical Guidance. The plot provides the radial distance to the 183-dB SELcum isopleth for one shot. The 
difference in radial distances between Fig. A-7 and this figure (71.4 m) allows us to estimate the adjustment 
in dB. 

The thresholds for Peak SPLflat for the 36-airgun array, as well as the distances to the PTS thresholds, 
are shown in Table A-4. Figures A-10–A-12 show the modeled received sound levels to the Peak SPLflat 

thresholds, for a single shot.  A summary of the Level A threshold distances are shown in Table A-5. 

For the single 40 in3 mitigation airgun, the results for single shot SEL source level modeling are 
shown in Table A-6. The weighting function calculations, thresholds for SELcum, and the distances to the 
PTS thresholds for the 40 in3 airgun are shown in Table A-7. Figure A-13 shows the impact of weighting 
functions by hearing group for the single mitigation airgun. Figures A-14–A-15 show the modeled received 
sound levels for single shot SEL without applying auditory weighting functions for various hearing groups. 
Figure A-16 shows the modeled received sound levels for single shot SEL with weighting for LF cetaceans. 
The thresholds for Peak SPLflat for the 40 in3 airgun, as well as the distances to the PTS thresholds, are 
shown in Table A-8. Figures A-17–A-18 show the modeled received sound levels to the Peak SPLflat 

thresholds, for a single shot.  
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TABLE A-4. NMFS Level A acoustic thresholds (Peak SPLflat) for impulsive sources for marine mammals 
and predicted distances to Level A thresholds for various marine mammal hearing groups that could be 
received from the 36-airgun array during the proposed surveys in the Northeast Pacific Ocean. 

Hearing Group 
Low-

Frequency 
Cetaceans 

Mid-
Frequency 
Cetaceans 

High-
Frequency 
Cetaceans 

Phocid 
Pinnipeds 

Otariid 
Pinnipeds 

Peak Threshold 219 230 202 218 232 

Radial Distance to 
Threshold (m) 45.00 13.57 364.67 51.59 10.62 

Modified Farfield Peak SPL 252.06 252.65 253.24 252.25 252.52 

PTS Peak Isopleth (Radius) 
to Threshold (m) 38.9 13.6 268.3 43.7 10.6 

N.A. means not applicable or not available. 

FIGURE A-10.  Modeled deep-water received Peak SPL from the 36-airgun array at a 12-m tow depth.  The 
plot provides the distance to the 202-dB Peak isopleth. 
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FIGURE A-11.  Modeled deep-water received Peak SPL from the 36-airgun array at a 12-m tow depth.  The 
plot provides the distances to the 218- and 219-dB Peak isopleths. 

FIGURE A-12.  Modeled deep-water received Peak SPL from the 36-airgun array at a 12-m tow depth.  The 
plot provides the distances to the 230- and 232-dB Peak isopleths. 
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TABLE A-5. Level A threshold distances for different marine mammal hearing groups and sea turtles for the 
36-airgun array. As required by NMFS (2016, 2018), the largest distance (in bold) of the dual criteria 
(SELcum or Peak SPLflat) was used to calculate Level A takes and threshold distances.  

Level A Threshold Distances (m) for Various Hearing Groups 
Low-

Frequency 
Cetaceans 

Mid-
Frequency 
Cetaceans 

High-
Frequency 
Cetaceans 

Phocid 
Pinnipeds 

Otariid 
Pinnipeds 

Sea Turtles 

PTS SELcum 426.9 0 1.3 13.9 0 20.5 

PTS Peak 38.9 13.6 268.3 43.7 10.6 10.6 

TABLE A-6. Results for single shot SEL source level modeling for the 40 in3 airgun with and without applying 
weighting function to the various hearing groups. The modified farfield signature is estimated using the 
distance from the source array geometrical center to where the SELcum threshold is the largest. A 
propagation of 20 log10 (Radial distance) is used to estimate the modified farfield SEL. 

SELcum Threshold 183 185 155 185 203 

Distance (m) 
(no weighting function) 9.9893 7.8477 294.0371 7.8477 0.9278 

Modified Farfield SEL* 202.9907 202.8948 204.3680 202.8948 202.3491 

Distance (m) 
(with weighting function) 2.3852 N.A. N.A. N.A. N.A. 

Adjustment (dB) -12.44 N.A. N.A. N.A. N.A. 
*Propagation of 20 log R. N.A. means not applicable or not available. 

FIGURE A-13. Modeled amplitude spectral density of the 40-in3 airgun farfield signature. Amplitude spectral 
density before (black) and after (colors) applying the auditory weighting functions for LF, MF, and HF 
cetaceans, Phocid Pinnipeds (PP), and Otariid Pinnipeds (OP). Modeled spectral levels are used to 
calculate the difference between the unweighted and weighted source level at each frequency and to derive 
the adjustment factors for the hearing groups as inputs into the NMFS User Spreadsheet.  
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TABLE A-7. Results for single shot SEL source level modeling for the single 40-in3 mitigation airgun with 
weighting function calculations for the SELcum criteria, as well as resulting isopleths to thresholds for various 
marine mammal hearing groups. 

STEP 3: SOURCE-SPECIFIC INFORMATION

NOTE: Choose either F1 OR F2 method to calculate isopleths (not required to fill in sage boxes for both) NOTE: LDEO modeling relies on Method F2

F2: ALTERNATIVE METHOD
†
 TO CALCULATE PK and SELcum (SINGLE STRIKE/SHOT/PULSE EQUIVALENT)

SELcum

Source Velocity (meters/second) 2.16067 4.2 knots

1/Repetition rate^ (seconds) 17.35572762 37.5/2.16067

†Methodology assumes propagation of 20 log R; Activity duration (time) independent

^
Time between onset of successive pulses.

Modified farfield SEL 202.9907 202.8948 204.368 202.8948 202.3491

Source Factor 1.14717E+19 1.12211E+19 1.57528E+19 1.12211E+19 9.89617E+18

RESULTANT ISOPLETHS* *Impulsive sounds have dual metric thresholds (SELcum & PK). Metric producing largest isopleth should be used. 

Hearing Group
Low-Frequency 

Cetaceans

Mid-Frequency 

Cetaceans

High-Frequency 

Cetaceans

Phocid 

Pinnipeds

Otariid 

Pinnipeds

SELcum Threshold 183 185 155 185 203

PTS SELcum Isopleth to 

threshold (meters)
0.5 0 0 0 0

WEIGHTING FUNCTION CALCULATIONS

Weighting Function 

Parameters

Low-Frequency 

Cetaceans 

Mid-Frequency 

Cetaceans 

High-Frequency 

Cetaceans

Phocid 

Pinnipeds 

Otariid 

Pinnipeds 

a 1 1.6 1.8 1 2

b 2 2 2 2 2

f1 0.2 8.8 12 1.9 0.94
f2 19 110 140 30 25
C 0.13 1.2 1.36 0.75 0.64

Adjustment (dB)† -12.44 -60.85 -70.00 -30.09 -36.69 OVERIDE Using LDEO Modeling

†For LF cetaceans, the adjustment factor (dB) is derived by estimating the radial distance of the 183-dB isopleth without 
applying the weighting function and a second time with applying the weighting function. Adjustment was derived using 
a propagation of 20*log10 (Radial distance) and the modified farfield signature. For MF and HF cetaceans and 
pinnipeds, the difference between weighted–unweighted spectral source levels at each frequency was integrated to 
calculate adjustment factors (see spectrum levels in Figure A-13). 
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FIGURE A-14. Modeled received sound levels (SELs) in deep water from one 40-in3 airgun at a 12-m tow 
depth. The plot provides the distance from the geometrical center of the source array to the 155-dB SEL 
isopleth (294.04 m). 

FIGURE A-15. Modeled received sound levels (SELs) in deep water from one 40-in3 airgun at a 12-m tow 
depth. The plot provides the distance from the geometrical center of the source array to the 183–185 dB 
and 203 dB SEL isopleths. 
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FIGURE A-16. Modeled received sound exposure levels (SELs) from one 40-in3 mitigation at a 12-m tow 
depth, after applying the auditory weighting function for the LF cetaceans hearing group following the NMFS 
Technical Guidance. The plot provides the radial distance to the 183-dB SELcum isopleth for one shot. The 
difference in radial distances between Fig. A-15 and this figure allows us to estimate the adjustment in dB. 

TABLE A-8. NMFS Level A acoustic thresholds (Peak SPLflat) for impulsive sources for marine mammals 
and predicted distances to Level A thresholds for various marine mammal hearing groups that could be 
received from the 40-in3 airgun during the proposed seismic surveys in the Northeast Pacific Ocean. 

Hearing Group 

Peak Threshold 

Low-
Frequency 
Cetaceans 

219 

Mid-
Frequency 
Cetaceans 

230 

High-
Frequency 
Cetaceans 

202 

Phocid 
Pinnipeds 

218 

Otariid 
Pinnipeds 

232 

PTS Peak Isopleth (Radius) 1.76 to Threshold (m) 

N.A. means not applicable or not available. 

0.51 12.5 1.98 0.40 
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FIGURE A-17. Modeled deep-water received Peak SPL from one 40 in3 airgun at a 12-m tow depth. The 
plot provides the radial distance from the source geometrical center to the 202-dB Peak isopleth. 

FIGURE A-18. Modeled deep-water received Peak SPL from one 40 in3 airgun at a 12-m tow depth. The 
plot provides the radial distances from the source geometrical center to the 218 and 219-dB Peak isopleths. 
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Appendix A 

ADDENDUM 

Using Empirical Data for Estimation of Level B Radii 

Based on Crone et al. (2014; Estimating shallow water sound power levels and mitigation radii for 

the R/V Marcus G. Langseth using an 8 km long MCS streamer), empirical data collected on the Cascadia 

Margin in 2012 during the COAST Survey support the use of the multichannel seismic (MCS) streamer 

data and the use of Sound Exposure Level (SEL) as the appropriate measure to use for the prediction of 

mitigation radii for the proposed survey. In addition, this peer-reviewed paper showed that the method 

developed for this purpose is most appropriate for shallow water depths, up to ~200 m deep. 

To estimate Level B (behavioral disturbance or harassment) radii in shallow and intermediate water 

depths, we used the received levels from MCS data collected by R/V Langseth during the COAST survey 

(Crone et al. 2014). Streamer data in shallow water collected in 2012 have the advantage of including the 

effects of local and complex subsurface geology, seafloor topography, and water column properties and 

thus allow us to establish mitigation radii more confidently than by using the data from calibration 

experiments in the Gulf of Mexico (Tolstoy et al. 2004, 2009; Diebold et al. 2010). 

As shown by Madsen et al. (2005), Southall et al. (2007), and Crone et al. (2014), the use of the root 

mean square (RMS) pressure levels to calculate received levels of an impulsive source leads to undesirable 

variability in levels due to the effects of signal length, potentially without significant changes in exposure 

level. All these studies recommend the use of SEL to establish impulsive source thresholds used for 

mitigation. Here we provide both the actual measured 160 dBRMS and 160 dBSEL to demonstrate that for 

determining mitigation radii in shallow water and intermediate, both would be significantly less than the 

modeled data for this region. 

The proposed surveys would acquire data with a 4 string 6600 in3 airgun array at a tow depth of 
12 m, while the data collected in 2012 were acquired with a 4 string 6600 in3 airgun array at a tow depth of 
9 m. To account for the differences in tow depth between the COAST survey (6600 in3 at 9 m tow depth) 
and the proposed survey (6600 in3 at 12 m tow depth), we calculated a scaling factor using the deepwater 
modeling. The 150 dBSEL corresponds to deep-water maximum radii of 10,533 m for the 6600 in3 airguns 
at 12 m tow depth, and 9,149 m for the 6600 in3 at a 9 m tow depth yielding a scaling factor of 1.15 to be 
applied to the shallow-water and intermediate-water 9 m tow depth results. 

As the 6600 cu.in source is 18 m wide (across-line direction) and 16m long (along-line direction), 
this quasi-symmetric source is also able to capture azimuthal variations. 
******** 
Extracted from Crone et al. 2014 – Section 4.1 
4. Discussion 

4.1. RMS Versus SEL In his paper, Madsen [2005] makes a compelling argument against the use of RMS (equation (3)) for 
the determination of safe exposure levels and mitigation radii for marine protected species, partially on the grounds that 
this measure does not take into account the total acoustic energy that an animal’s auditory system would experience. 
Madsen [2005] recommended the use of SEL as well as measures of peak pressure to establish impulsive source thresholds 
used for mitigation. Southall et al. [2007] came to similar conclusions. 

Our work should provide further motivation for a regulatory move away from RMS power levels for marine protected 
species mitigation purposes. In shallow waters especially, interactions between direct, reflected, and refracted arrivals of 
acoustic energy from the array can result in large variations in signal length (T90), and commensurate large variations in 
RMS without necessarily significant changes in exposure level. The use of SEL, which accounts for signal length, should be 
preferred for mitigation purposes in shallow water. 

********* 
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The entire 16 0dBSEL level data are within the length of the streamer and are well behaved throughout 
this depth profile. The measured sound level data in this area suggest that the 160d BSEL mitigation radius 
distance would be well defined at a maximum of 8192 m, but that the 160 dBRMS would be close to ~11 km 
(Fig. 1). For a few shots along this profile, the 160 dBRMS is just beyond the end of the streamer (8 km). 
For these shots, extrapolation was necessary. Crone et al. (2014) could only extrapolate the 160 dBRMS 

levels up to a distance of ~11 km (~133% of the length of the streamer). However, the stable 160 dBSEL 

levels across this interval would support an extrapolated value of not much more than 11 km for the 
160 dBRMS level given that the 160 dBRMS and 160 dBSEL levels track consistently along the profile (Fig. 1). 

FIGURE 1. Measured radius distances to the 160 dB radii for both SEL and RMS along line A/T collected in 
2012 at Cascadia with R/V Langseth 6600 in3 airgun array towed at a depth of 9 m (Fig. 12 from Crone et 
al. 2014). This line extends across the shelf from ~50m water depth (Shot 33,300), 100m water depth (Shot 
# 33,675) out ~to the shelf break at 200m water depth (~Shot # 34000). 

As noted in Table 2 of Crone et al. (2014), the full range of 160 dBRMS measured radii for intermediate 
waters is 4291m to 8233 m. The maximum 160 dBRMS measured radii, 8233 m (represented by a single 
shot at ~33750 from Figure 1), was selected for the 160 dBRMS measured radii in Table 1. Only 2 shots in 
water depths >100 have radii that exceed 8000 m, and there were over 1100 individual shots analyzed in 
the data; thus, the use of 8233 m is conservative. 

Summary 

The empirical data collected during the COAST Survey on Cascadia Margin and measured 
160 dBRMS and 160 dBSEL values demonstrate that the modeled predictions are quite conservative by a factor 
of up to ~2 to 2.5 times less than modeled predictions for the 2020 Cascadia project. While we have sought 
to err on the conservative side for our activities, being overly conservative can dramatically overestimate 
potential and perceived impacts of a given activity. We understand that the 160 dBRMS is the current 
threshold, and have highlighted that here as the standard metric to be used. However, evidence from 
multiple publications including Crone et al. (2014) have argued that SEL is a more appropriate metric for 
mitigation radii calculations. However, it is important to note that use of either measured SEL or RMS 
metrics yields significantly smaller radii in shallow water than model predictions.  
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Appendix A 

TABLE 1. Comparison of modeled mitigation radii with empirically-derived radii from the Cascadia Margin 
during the 2012 COAST survey for the 4-string 36 airgun array (6600 in3). 

Water 
Depth 

(m) 

Proposed 
Project 
Radii 
using 
L-DEO 

Modeling 

COAST 
project 
Radii 
using 
L-DEO 

Modeling 

Predicted Radii for Proposed Project using Empirical Data (Crone et al. 
2014).  160 dB rms measured distance proposed for current project 

shown in red. 

Distance 
(m) to 160-
dBrms at 12 

m tow 
depth 

Distance 
(m) to 160-
dBrms at 9 

m tow 
depth 

Distance (m) to 
160-dBSEL at 9 m 

tow depth (Figure 
12 in Crone et al. 

2014) 

Distance (m) to 160-
dBSEL with conversion 
factor (1.15) from 9 to 

12 m tow depth 

Distance (m) to 160 
dBrms at 9 m tow 

depth (Figure 12 in 

Crone et al. 2014) 

Distance (m) to 
160 dBrms with 

conversion factor 
(1.15) from 9 to 12 

m tow depth 

<100 25,494 20,550 8,192 9,421 11,000* 12,650 

100-
1000 

10,100 12,200 5,487 6,300 8,233 9,468 

*This value is extrapolated from end of 8-km streamer. Based on stable SEL values at same shot values. RMS extrapolated value is 
reasonable approximation. 

When evaluating the empirical and modeled distances, all the other considerations and aspects of the 
airgun array still apply including: 

• the airgun array is actually a distributed source and the predicted farfield level is never 
actually fully achieved 

• the downward directionality of the airguns means that the majority of energy is directed 
downwards and not horizontally 

• animals observed at the surface benefit from Lloyds mirror effect 
• there is only one source vessel and the entire survey area is not ensonified all at one 

time, but rather the much smaller area around the vessel. 

For these reasons, we believe the more scientifically appropriate approach for the proposed survey 
is to use Level B threshold distances based on the empirical data for shallow and intermediate water depths. 
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Appendix B 

APPENDIX B: MARINE MAMMAL DENSITIES, ENSONIFIED AREAS, AND 
TAKE CALCULATIONS 

The U.S. Navy primarily used SWFSC spatial models to develop a marine species density database 
for the Northwest Training and Testing Study Area (USN 2019), which encompasses the U.S. portion of 
the proposed survey area; if no density spatial modeling was available, other data sources were used 
(USN 2019a). The USN marine species density database is currently the most comprehensive density data 
set available for the CCE. However, GIS data layers are currently unavailable for the database; thus, in this 
analysis the USN data were used only for species for which density data were not available from an 
alternative spatially-explicit model (e.g., minke, sei, gray, false killer, killer, and short-finned pilot whales, 
Kogia spp., pinnipeds, and leatherback sea turtle). For these species, GIS was used to determine the areas 
expected to be ensonified in each density category. The densities (Table B-1) were then multiplied by the 
ensonified areas (Table B-2) to determine Level A and Level B takes (Tables B-3 and B-4). 

As recommended by NMFS, spatially-explicit density data from the NOAA CetSound website 
(NOAA 2019k) were used for most other species (i.e., humpback, blue, fin, sperm, Baird’s beaked, and 
other small beaked whales; bottlenose, striped, short-beaked common, Pacific white-sided, Risso’s, and 
northern right whale dolphins; and Dall’s porpoise). CetMap (https://cetsound.noaa.gov/cda) provides output 
habitat-based density models for cetaceans in the CCE. As CetMap provides output from habitat-based 
density models for cetaceans in the CCE (Becker et al. 2016) in the form of GIS layers; these were used to 
calculate takes in the survey area. The density estimates were available in the form of a GIS grid with each 
cell in the grid measuring ~7 km east-west by 10 km north-south. This grid was intersected with a GIS 
layer of the areas expected to be ensonified to >160 dB SPL within the three water depth categories 
(<100 m, 100–1000 m, >1000 m). The densities from all grid cells overlapping the ensonified areas within 
each water depth category were averaged to calculate a zone-specific density for each species (Table B-1). 
These densities were then multiplied by the total area (for the U.S. and non-territorial waters of Canada) 
within each water depth category expected to be ensonified above the relevant threshold levels to estimate 
Level A and Level B takes (Tables B-3 and B-4). As CetMap did not have a spatially-explicit GIS density 
layer for the harbor porpoise, densities from Forney et al. (2014) were used for that species for the portions 
of the survey area that occurred within the 200-m isobath (Table B-1). 

The requested take for false killer whales was increased to mean group size provided by Mobley et 
al. (2000), as no density information was available for Oregon, Washington, or B.C. The requested takes 
for small beaked whales were assigned to various species as follows: assuming that Cuvier’s beaked whale 
and Stejneger’s beaked whale are expected to occur in similar numbers in the survey area as Baird’s beaked 
whale, the same take as determined for Baird’s beaked whale was assigned to the other two beaked whale 
species (i.e., 86 individuals each). As Blainville’s beaked whale is unlikely to occur in the survey area, it 
was allotted a take of 7 individuals or the maximum group size as reported by Jefferson et al. (2015).  The 
remaining takes (71) were assigned to Hubbs’ beaked whale, which is expected to be rare in the survey 
area. 
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TABLE B-1. Marine mammal densities expected to occur in the proposed survey area in the Northeast 
Pacific Ocean. 

Density (not 
by water 
depth)

Shallow 
water <100 

m

Intermediate 
water 100-

1000 m

Deep 
water 

>1000 m Source Comments
LF Cetaceans

North Pacific right whale 0 0 0 Not provided but near zero
Humpback whale 0.005240 0.004020 0.000483 Becker et al. (2016) Summer/fall
Blue whale 0.002023 0.001052 0.000358 Becker et al. (2016) Annual densities
Fin whale 0.000202 0.000931 0.001381 Becker et al. (2016) Annual densities
Sei whale 0.000400 0.000400 0.000400 USN (2019a) Annual densities
Minke whale 0.001300 0.001300 0.001300 USN (2019a) Annual densities
Gray whale

1:  0-10 km from shore 0.015500 USN (2019a) Density for summer (July-November)
2: 10-47 km from shore 0.001000 USN (2019a) Density for summer (July-November)

MF Cetaceans
Sperm whale 0.000059 0.000156 0.001302 Becker et al. (2016) Annual densities
Baird's beaked whale 0.000114 0.000300 0.001468 Becker et al. (2016) Annual densities
Small beaked whale 0.000788 0.001356 0.003952 Becker et al. (2016) Annual densities
Bottlenose dolphin 0.000001 0.000001 0.000011 Becker et al. (2016) Annual densities
Striped dolphin 0.000000 0.000002 0.000133 Becker et al. (2016) Annual densities
Short-beaked common dolphin 0.000508 0.001029 0.001644 Becker et al. (2016) Annual densities
Pacific white-sided dolphin 0.051523 0.094836 0.070060 Becker et al. (2016) Annual densities
Northern right-whale dolphin 0.010178 0.043535 0.062124 Becker et al. (2016) Annual densities
Risso’s dolphin 0.030614 0.030843 0.015885 Becker et al. (2016) Annual densities
False killer whale N.A. N.A. N.A.
Killer whale (Offshore waters) 0.000920 0.000920 0.000920 USN (2019b) Annual densities
Short-finned pilot whale 0.000250 0.000250 0.000250 USN (2019a) Annual densities

HF Cetaceans
Pygmy/dwarf sperm whale 0.001630 0.001630 0.001630 USN (2019a) Annual densities
Dall's porpoise 0.145077 0.161061 0.113183 Becker et al. (2016) Summer/fall
Harbor porpoise

1:  North of 45N 0.624000 Forney et al. (2014) Annual density north of 45N, within 200-m isobath
2:  South of 45N 0.467000 Forney et al. (2014) Annual density south of 45N, within 200-m isobath

Otariid Seals
Northern fur seal*

1:  up to 70 km from shore 0.010912 USN (2019a) Density for July
2:  70-130 km from shore 0.129734 USN (2019a) Density for July

3:  >130 km from shore 0.009965 USN (2019a) Density for July
Guadalupe fur seal*

1:  within 200-m isobath 0.023477 USN (2019a) Density for summer (other densities lower)
2:  200-m isobath to 300 km 0.026260 USN (2019a) Density for summer (other densities lower)

California sea lion
1:  0-40 km from shore 0.028800 USN (2019a) Density for August (density zero during June and July)

2:  40-70 km from shore 0.003700 USN (2019a) Density for August (density zero during June and July)
3:  70-450 km from shore 0.006500 USN (2019a) Density for August (density zero during June and July)

Steller sea lion*
1:  within 200-m isobath 0.480489 USN (2019a) Average densities for OR/WA for summer

2:  200-m isobath to 300 km 0.003581 USN (2019a) Average densities for OR/WA for summer
Phocid Seals

Northern elephant seal* 0.034600 0.034600 0.034600 USN (2019a) Density for summer
Harbor seal

1:  within 30 km from shore 0.342400 USN (2019a) Annual density within 30 km from WA/OR shore
Turtle

Leatherback Turtle 0.000114 0.000114 0.000114 USN (2019a) Annual density

Species                                   Category

Estimated Density (#/km2)

*Densities adjusted for most recent population size. 
N.A. is not applicable. 
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Appendix B 

TABLE B-2. Areas expected to ensonified during the proposed survey in the Northeast Pacific Ocean. 

Survey Zone Criteria

Total 
Survey 
Days

Shallow <100 m 160 dB 96.8 37 3,580.7 12650
Intermediate 100-1000 m 160 dB 636.8 37 23,562.4 9468
Deep >1000 m 160 dB 1417.3 37 52,438.7 6733

Overall Level B 2150.9 37 79,581.9

Level A
All zones LF Cetacean 144.2 37 5,334.5 426.9
All zones MF Cetacean 4.6 37 171.4 13.6
All zones HF Cetacean 90.9 37 3,364.0 268.3
All zones Otariid 3.6 37 133.6 10.6
All zones Phocid 14.9 37 550.5 43.7
All zones Sea Turtle 7.0 37 258.3 20.5

Relevant 
Isopleth (m)

Daily 
Ensonified Area 

(km2)

Total 
Ensonified 
Area (km2)

Final Environmental Assessment/Analysis for L-DEO Cascadia Subduction Zone, 2021 B-4 



 

            
 

                             

     

Appendix B 

TABLE B-3. Take estimates for the proposed survey area in the Northeast Pacific Ocean for the harbor porpoise and species with densities from 
USN (2019a,b). 

Level B 
Takes

Shallow <100 m 
/ Category 1

Intermediate 
100-1000 m / 
Category 2

Deep >1000 m 
/ Category 3

Shallow 
<100 m / 

Category 1

Intermediate 
100-1000 m / 
Category 2

Deep 
>1000 m / 
Category 3 Category 1 Category 2 Category 3

Shallow 
<100 m / 

Category 1

Intermediate 
100-1000 m 
/ Category 2

Deep 
>1000 m / 
Category 3

Just Level B 
Takes

Requested Level 
A+B Take 

Authorization

LF Cetaceans
North Pacific right whale 0 0 0 400 3,581 23,562 52,439 5,335 0 0 0 0 0 0 0.00 0
Sei whale 0.0004000 0.0004000 0.0004000 27,197 3,581 23,562 52,439 5,335 1 9 21 32 30 2 0.12 32
Minke whale 0.0013000 0.0013000 0.0013000 20,000 3,581 23,562 52,439 5,335 5 31 68 103 96 7 0.52 103
Gray whale 0.0155000 0.0010000 26,960 1,433 21,376 1 1,416 22 21 0 44 43 1 0.16 44

MF Cetaceans
False killer whale N.A. N.A. N.A. N.A. 3,581 23,562 52,439 171 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 5
Killer whale 0.0009200 0.0009200 0.0009200 918 3,581 23,562 52,439 171 3 22 48 73 73 0 7.98 73
Short-finned pilot whale 0.0002500 0.0002500 0.0002500 836 3,581 23,562 52,439 171 1 6 13 20 20 0 2.38 29

HF Cetaceans
Pygmy/dwarf sperm whale 0.0016300 0.0016300 0.0016300 4,111 3,581 23,562 52,439 3,364 6 38 85 130 125 5 3.16 130
Harbor porpoise 0.6240000 0.4670000 53,773 7,469 7,667 264 253 4,661 3,580 0 8,241 7,958 283 15.33 8,241

Otariid Seals
Northern fur seal 0.0109117 0.1297339 0.0099653 620,660 31,886 30,068 17,628 48 55 30 348 3,901 176 4,424 4,416 8 0.71 4,424
Guadalupe fur seal 0.0234772 0.0262595 34,187 15,136 64,446 516 113 355 1,692 0 2,048 2,033 15 5.99 2,048
California sea lion 0.0288000 0.0037000 0.0065000 257,606 18,356 13,530 47,696 28 20 86 529 50 310 889 888 1 0.35 889
Steller sea lion 0.4804893 0.0035811 77,149 15,136 64,446 516 113 7,273 231 0 7,504 7,255 249 9.73 7,504

Phocid Seal
Northern elephant seal 0.0345997 0.0345997 0.0345997 179,000 3,581 23,562 52,439 551 124 815 1,814 2,754 2,735 19 1.54 2,754
Harbor seal 0.3424000 129,732 11,351 63 3,887 0 0 3,887 3,865 22 3.00 3,887

Sea Turtle
Leatherback Turtle 0.0001140 0.0001140 0.0001140 985.5 7,810.4 16,244.5 258.3 3 3 0 3

Estimated Density (#/km2)

Regional 
Population 

Size

 Level B 
Takes 
(All)

Level A 
Takes

% of Pop. 
(Total Takes)Species

Level B 160 dB Ensonified Area (km2) Level A Ensonified Area (km2)

N.A. means not available. * Requested take for the false killer whale is based on mean group size (Mobley et al. 2000). For different categories, see density table (Table B-1). 
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Appendix B 

TABLE B-4. Take estimates for the proposed survey area in the Northeast Pacific Ocean for the species with densities from Becker et al. (2016). 

Level B 
Takes

Shallow <100 m 
/ Category 1

Intermediate 
100-1000 m / 
Category 2

Deep >1000 m 
/ Category 3

Shallow 
<100 m / 

Category 1

Intermediate 
100-1000 m / 
Category 2

Deep 
>1000 m / 
Category 3 Category 1 Category 2 Category 3

Shallow 
<100 m / 

Category 1

Intermediate 
100-1000 m 
/ Category 2

Deep 
>1000 m / 
Category 3

Just Level B 
Takes

Requested Level 
A+B Take 

Authorization

LF Cetaceans
Humpback whale 0.0052405 0.0040200 0.0004830 10,103 3,581 23,562 52,439 5,335 19 95 25 139 111 28 1.37 139
Blue whale 0.0020235 0.0010518 0.0003576 1,496 3,581 23,562 52,439 5,335 7 25 19 51 40 11 3.39 51
Fin whale 0.0002016 0.0009306 0.0013810 18,680 3,581 23,562 52,439 5,335 1 22 72 95 94 1 0.51 95

MF Cetaceans
Sperm whale 0.0000586 0.0001560 0.0013023 26,300 3,581 23,562 52,439 171 0 4 68 72 72 0 0.27 72
Baird's beaked whale 0.0001142 0.0002998 0.0014680 2,697 3,581 23,562 52,439 171 0 7 77 84 84 0 3.13 84
Small beaked whale 0.0007878 0.0013562 0.0039516 6,318 3,581 23,562 52,439 171 3 32 207 242 242 0 3.83 242
Bottlenose dolphin 0.0000007 0.0000011 0.0000108 1,924 3,581 23,562 52,439 171 0 0 1 1 1 0 0.03 13
Striped dolphin 0.0000000 0.0000025 0.0001332 29,211 3,581 23,562 52,439 171 0 0 7 7 7 0 0.02 46
Short-beaked common dolphin 0.0005075 0.0010287 0.0016437 969,861 3,581 23,562 52,439 171 2 24 86 112 112 0 0.01 179
Pacific white-sided dolphin 0.0515230 0.0948355 0.0700595 48,974 3,581 23,562 52,439 171 184 2,235 3,674 6,093 6,084 9 12.44 6,093
Northern right-whale dolphin 0.0101779 0.0435350 0.0621242 26,556 3,581 23,562 52,439 171 36 1,026 3,258 4,320 4,318 2 16.27 4,320
Risso’s dolphin 0.0306137 0.0308426 0.0158850 6,336 3,581 23,562 52,439 171 110 727 833 1,669 1,664 5 26.35 1,669

HF Cetaceans
Dall's porpoise 0.1450767 0.1610605 0.1131827 31,053 3,581 23,562 52,439 3,364 519 3,795 5,935 10,250 9,762 488 33.01 10,250

Otariid Seals
Northern fur seal 0.0109117 0.1297339 0.0099653 620,660 31,886 30,068 17,628 48 55 30 348 3,901 176 4,424 4,416 8 0.71 4,424
Guadalupe fur seal 0.0234772 0.0262595 34,187 15,136 64,446 516 113 355 1,692 0 2,048 2,033 15 5.99 2,048
California sea lion 0.0288000 0.0037000 0.0065000 257,606 18,356 13,530 47,696 28 20 86 529 50 310 889 888 1 0.35 889
Steller sea lion 0.4804893 0.0035811 77,149 15,136 64,446 516 113 7,273 231 0 7,504 7,255 249 9.73 7,504

% of Pop. 
(Total Takes)Species

Level B 160 dB Ensonified Area (km2) Level A Ensonified Area (km2)Estimated Density (#/km2)

Regional 
Population 

Size

 Level B 
Takes 
(All)

Level A 
Takes
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Appendix C 

APPENDIX C: NMFS CALCULATIONS OF SOUTHERN RESIDENT KILLER WHALE 

TAKES 

In order to calculate estimated take, NMFS used the proposed seismic tracklines and overlaid them 
on density plots for Southern Resident killer whales created and provided by the U.S. Navy (USN 2019). 
Table C-1 shows the estimated ensonified areas within killer whale habitat, and Table C-2 shows the 
estimated takes. 

TABLE C-1. Estimates of ensonified area within killer whale habitat and the killer whale density expected to 
occur there. 

Pod Density (animals/km2) Ensonified 
Area (km2) 

K/L 0 5,888 
0.000001 - 0.002803 15,470 
0.002804 - 0.005615 342 
0.005616 - 0.009366 0 
0.009367 - 0.015185 0 

J 0 6,427 
0.000001 - 0.001991 5,556 
0.001992 - 0.005010 0 
0.005011 - 0.009602 0 

TABLE C-2. Southern Resident Killer Whale takes as estimated by NMFS. 

J pod K/L pods 

Total all 
pods US 

Total all 
pods 

Canada 
Total all 
areasUS Canada territorial Total US Canada territorial Total 

1.27 0.24 1.51 8.01 0.6 8.61 9.28 0.84 10.12 

Literature Cited 

USN. 2019. U.S. Navy Marine Species Density Database Phase III for the Northwest Training and Testing Study 
Area. NAVFAC Pacific Technical Report. Naval Facilities Engineering Command Pacific, Pearl Harbor, HI. 
262 p. 
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• 
United States Depart111ent of the Interior 

FISH AND WILDLIFE SERVICE 
911 NE 11 ° Avenue 

Portlanl Oregon 97232-41 SI 
In Reply kw to: 
FWSlIR.09.'IR.12/llIA-21-0 I 

INCIDENTAL HARASSMENT AUTHORIZATION 
(IHA-21-01) 

The National Science Foundation and Lamont-Doherty Eaith Obse1vatory (NSF/L-DEO) are 
hereby authorized by the U.S. Fish and Wildlife Service (Senice) uuder section 10l (a)(5)(D) of 
the Marine Mammal Protection Act (MMPA: 16 U.S.C. 1371 (a)(5)(D)) to harass northem sea 
otters incidental to a marine geophysical sun.-ey along the coasts of Washington and Oregon. 
when adhering to the following terms and conditions. 

1. This Incidental Harassment Authorization (IHA) is valid for a period of one ye.ar from the 
date of issuance. 

'.!. This IBA is valid only for marine geophysical survey activity as specified in NSF/L
DEO's IHA application and draft environmental assessment, as subsequently modified in 
the Seivice's Federal Register notice (86 FR 12019, March 1, 2021) and the Service ·s 
final environmental assessment and Finding of No Significant Impact (FONS[); 
specifically usin.g an aitgun. array towed behind the FJV La11gseth and other sound 
emitting equipment abord the RIV Langseth and RiV Oceanus with characteristics 
S'pl'cified in the IHA application along the Cascadia Subduction Zone off the c-oasts of 
Wa.sbin~on and Oregon. 

3. General Conditions 

(a) A copy oflhis IHA shall be in the possession ofNSF/L- DEO. the vessel operator, 
the lead Protected Species Observer (PSO) and any other rele\·ant designees of 
NSF IL- DE O operating under the authority of this IHA. These personnel 'i.hall 
understand_ be fully aware of. and be capable of full implementation of the terms 
and conditions of the IHA at all times during project work.. 

(b) Operators shall allow Service personnel or the Service's designated representative 
to ,risit project work sites to moru.tor impacts to sea otters at any time tbrooghout 
project activities so long as it is safe to do so. " Operators' ' are all personnel 
~atuig under the applicant's authority, including all contractors and 
subcontractors. 

INTERIOR REGION 'j 
COLUMBIA- PACIFIC NORTHWEST 

lDAH0. ,'l>l0:-ITANA' . OIUOON". \VAS HJN0T0N 

'l'AKTLAl 

INTERIOR REGION 12 
PACIFIC lSlANDS 

N.-\E!UCAN SAMOA. GUAM. HAWAII. N0RTHU.N 

MARIANA l,lAND:. 
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(c) Authorized incidental take is limited to a total of 13 northern sea ottecs. Take 
may be L-evel A harassment, Level B harassment, or combination. Authorized 
take sbaU be limited t-0 significant injury associated with permanent tJireshold 
shifts and distuption of behavioral patterns that may be caused by geophysical 
snn.·eys and support activities conducted by NSF/L-DEO in Washington and 
Oregon, from approximately May 20 to July 31 , 2021. [t is possible the proposed 
p.rojeot timeframe c-0uld be delayed. However, as noted below, the aut-ho1ization 
is valid for up to one year from the signature date. 

( d) The taking by death of northern sea ottec is prohibited and may result in Ihe 
modification, .suspension, or revocation of this IBA. 

(e) Toe taking of sea otters wheneve.r the required conditions, mitigation, monitoring, 
and reporting measures have not been fully implemented, as required by this IHA, 
is prohibited. Failure to foUow measures specified herein may result in the 
modification, .suspension, or revocation of this IBA. 

(f) NSF/L-DEO or the vessel operator shall conduct briefings between PSOs and 
vessel crew prior to the start of all seismic operations, and when new personnel 
join the work, in order to explain responsibilities, communication procedures, 
northern sea otter monitoring protocol, and operational prnc-edures. 

4. !-.:1.itigation Measures 

The holder of this Authorization is required to implement the follo-n.ing mitigation 
meas·ures: 

(a) Within the waters offshore of Washington between Tatoosh Island and the 
Quilla)11te River mouth, sun.-ey transeds shall remain 21 km (13 mi) from shore 
o.r seaward of 100-m (328-ft) depth contour, whichever is greater. Survey 
transects shall remain seaward of the l00-m (328-ft) depth cont-0urbetween the 
.mouths of the Quilla)11te Rivec and Grays Harbor. Waters less than 100-m depth 
contour offshore of Washington between Tatoosh Island and Grays Harbor 
constitute the area of highest sea otter densities within the proposed action. 

(b) While the FJV Langseth is surveying in waters 200 m (656 ft) deep or less off the 
coast of Washington, smvey operations shall occur in daylight hours only (i.e. , 
from 30 minutes prior to sunrise through 30 minutes follo-n.ing sunset) to ensure 
that observers are able to visually observe the entire 500-m (1,640-ft) Exclusion 
Zone (EZ) and beyond to implement shut.down procedures. 

(c) If possible, while the FJV Langsetli is surveying in waters 1,000 m (3,280 ft) deep 
or less off the coast of Washington, survey operations shall occur in daylight 
hours only (i.e. , from 30 minutes prior to sunrise through 30 minutes following 
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sU&et) to ensure that PSOs are able to visually obseive the entire 500-m (1,640-
ft) EZ and beyond to implement shutdown procedw-es. 

(d) Vessel-Based Visual Observation 

3 

(i) NSF/L-DEO shall use at le.as-t five dedicated, trained, Setvice-approved 
PS Os. The PSOs shall have no tasks othe:r than to conduct obsentational 
effort. record observational data, and commWlic.ate with and instruct 
relevant vessel crew with regard to the presence of no:rthem se.a otters and 
mitigation requirements. 

(ii) At least one of the vu.ual PSOs aboard the vessel shall have a minimum of 
90 days at-sea experience wooing in those roles, respectively, during a 
deep-penetration (i.e., "high energy") seismic survey, with no more than 
18 months elapsed since the c-0nclusion of the at-sea experienc.e. One 
visual PSO with such experience shall be designated as the lead for the 
entire protected spe<:ies observation team. The lead PSO shall serve as 
primary point of contact for the vessel opentor and ensu:re all PSO 
requirements per the lliA are met. To the maximum extent practicable. 
the experienced PSOs shall be scheduled to be on dufy with those PSOs 
with appropriate training but who have not yet gained relevant experience. 

(iii) During survey operations (e.g .. any day on which use of the ac.orntic 
source is planned to occur, and whenever the acoustic sonr~ is in the 
water, whether acfr,;rated or not), a minimum of two visual PSOs shall be 
on duty and conducting visual observations at all times dw-i.ng daylight 
hou:rs (i.e., from 30 minutes prior to sunrise through 30 minutes following 
sunset). Visual monitoring of the exclusion and buffer zones shall begin 
no less than 30 minutes prior to ramp-up and shall continue twtil 1 hour 
after use of the acoustic source ceases or until 30 minutes past sunset. 
Visual PSOs shall coordinate to ensure 360° visual coverage aroW1d the 
v~el from the most appropriate observation posts and shall conduct 
visual obse1vations using binoculars and the naked eye while free from 
distractions and in a consistent, systematic, and diligent manner. 

(iv) Dul'ing use of the airgun (i.e. , anytime the acoustic source is active. 
including ramp-up), occurre11ces ofnorthem sea otters v.-rithin the buffer 
zone (but outside the exclusion zone) shall be communicated to the 
operator to prepare fo:r the potential shutdown of the acoustic source. 
Visual PSOs shall immediately communicate all observations to the on
doty acoustic PSO(s), including any determination by the PSO regarding 
species identific.ation, distance, and be.aring and the degree of confidence 
in the determination. Any obse1vations of northern sea otters by crew 
members shall be relayed to the PSO team. Dnring good conditions (e.g. , 
daylight how.-s; Beaufort sea state (BSS) 3 or less), visual PSOs shall 
conduct observations when the ac.oustic sour:oe is not operating for 
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comparison of sighting rates and behavior with and without use of the 
acoustic source and between acquisition periods, to the ma."timum extent 
practicable. 

4 

(v) Visual PSOs may be on watch for a maximum of 4 consecutive hours 
followed by a break of at le.ast 1 hour between watches and may conduct a 
maximum of 12 hours of observation per 24-hour period. 

(e) Exclusion zone and buffer zone 

(i} PSOs shall establish and monitor a 500-m (1,640-ft) exclusion zone and 
1,000-m (3,280-ft) buffer zone. The exclusion zone encompasses the ai:-e.a 
at and below the sea surface out to a radius of 500 m from the edges of the 
acoustic source (rather than being based on the center of the array or 
around the vessel itself). The buffer zone encompasses the ai:-ea at and 
below the sea smface from the edge of the 0-500-m (1,640-ft) exclusion 
zone, out to a radius of 1,000 m (3,280 ft) from the edges of the airgun 
array (500-1,000 m [1,640-3,,280 ft]). PSOs shall monitor up to 1,000 m 
and enumerate any incident.al tue that occw-s. 

(f) Pre-clearance and Ramp-up 

(i) A ramp-up procedure shall be followed .at all times as part of the 
activation of the acoustic source, except as described under 4(f)(ix). 

(u) The operator shall notify a designated PSO of the planned start of ramp-up 
as agreed upon with the le.ad PSO; the notification time should not be less 
than 60 minutes prior to the planned ramp-up in order to allow the PS Os 
time to monitor the exclusion and buffer zones for 30 minutes prior to the 
initiation of ramp-up (pre-clearance). 

(iii) Ramp-ups shall be scheduled so as to rnioimizP the time spent with the 
source activated prior to re.aching the designated nm-in. 

(iv) One of the PSOs conducting pre-cle.aranc.e observations shall be notified 
again immediately prior to initiating ramp-up procedures and the operator 
sha.11 receive coufinnation from the PSO to proceed. 

(v) Ramp-up shall not be initiated if any northern sea otter is within the 
exclusion or buffer zone. If a sea otter is obsetved within the exclusion 
zone or the buffer zone during ~he 30 minute pre-clearance period, ramp
up may not begin until the animal(s) has bee_u observed exiting the zone or 
until an additional l 5~mi.uute time period has elapsed with no further 
sightings. 
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5 

(vi) Ramp-up shall begin by activating a single airgun of the smallest volume 
in the an-ay and shall continue in stages by doubling the number of active 
elements at the commencement of each stage, \vi.th each stage of 
approximately the same duration. Duration shall not be less than 20 
minutes. The operator shall provide information to the PSO documenting 
that appropriate procedllfes were foUowed. 

(vii) Visual PSOs shal!l monitor the exclusion and buffer zonec; during ramp-up, 
and ramp-up sha]l cease and the source shall be shut down upon 
observation of a northem sea otter withm the exclusion zone. Onoe ramp
up has begun, observations of northern. sea otters 'within the buffer zone do 
not require shutdown.. but such observation shall be communic.ated to the 
operator to prepare for the potential shutdown. 

(viii) Ramp-up may occur at times of poor visibility if appropriate visual 
monitoring ha,c;: occurred with no detections in the 30 minutes prior to 
beginning ramp-up. Acomtic souroe activation may occur only at timer. of 
poor visibility where operational planning cannot reasonably avoid such 
circumstances. 

(ix) If the acous1cic source is shut down for brief periods (i.e. , less than 30 
minutes) for reasons other than that described for shutdown (e.g., 
mechanical difficulty) , it may be activated again without ramp-up if PS Os 
have maintained constant visual and/or acougic observation and no vimat 
or acoustic detections of northern sea otters have occurred within the 
applicable exclusion zone. For any longer shutdown, pre~clearance 
observation and ramp-up are required. For any shutdO\vn at night or in 
periods of poor visioility (e.g. , BSS 4 or greater), ramp-up is required, but 
if the shutdov.in period was ibrief and consfant visual observation was 
maintained, pre-dearance watch of 30 minutes is not required. 

(x) Te.sting of the acoustic source involving all elements require.s ramp-up. 
T estin.g 1.i.mited to individual source elements or strings does not require 
ramp-up but does require pre-clearance of 30 minutes. 

(g) Shutdown 

(i) Any PSO on duty has the authority, and shall be required, to delay fue start 
of sucvey operations or to call for sbutdo\1,,'11 of the acoustic source if a 
norlhem sea otter is detected within the 500-m exclusion zone. 

(it) The operator shall also establish and maintain clear lines of 
communication directly bef\1leen PSOs on duty and crew contmUing the 
acoustic source t-0 ensllfe that shutdown commands are conveyed swiftly 
while allowing PSOs to maintain watch. 
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(iii) U1hen the airgun runy is active (i.e., anytime one or more airguns is 
active, including during ramp-up) and a northern se.a. otter appears within 
or enters the 500..m exclusion zone, the acoustic source shall be shnt 
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down. When shutdo"'-n is called for by a PSO, the ac-0us-tic source shall be 
immediately deactivated. 

(iv) Following a shutdown. airgun activity shall not resume until the northern 
sea otter(s) has been visually observed exiting the 500-m (1 ,640-ft) 
exclusion zone or it has not been seen within tJie 500-m (1,640-ft) 
exclusion zone for 15 minutes. 

(v) L-DEO shall implement shutdown if a sea otter approaches the Level A or 
Level B harassment zones if the level of authorized incidental take has 
been met. 

5. Monitoring Requ:ii-ements 

The holder of this Authorization is required to conduct northern sea otter monitoring 
during survey activity. Monitoring shall be conducted in accordance with the following 
requirements: 

(a) The operator shall provide PSOs with bigeye binoculars (e.g., 25x 150; 
2.7-view angle; individual ocular focus ; height control) of appropriate 
quality (i.e., Fujinon or equivalent) solely for PSO use. These shall be 
pedestal-mounted on fhe deck at the most appropriate vantage point that 
provides for optimal sea surface obsetvation, PSO safety, and safe 
operation of the ve,;sel. 

ljb) The operator shall work with the selected third-patty observer provider to 
ensure PSOs have all equipment (including bad..1-up equipment) needed to 
adequately perfonn necessary tasks, including accurate dete:anination of 
distance and be.a.ring to observed sea otters. 

(c) Visual Protected Species Observer (PSO) Qualifications 

(i) PSOs shall be independent, dedicated, trained visual PSOs and 
shall be employed by a third-party observer provider. 

(ii) PSOs shall have no tasks other than to conduct obse1vational 
effort, c-0llect data, and communicate v.rith and instruct relevant 
vessel crew with regard to the presenc.e of protected species 
(norfuem sea otters and th.os.e under the jurisdiction ofNMFS) and 
mitigation requir:-ements (including brief alerts regarding maritime 
hazards). 
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(iii) NSF and L-DEO are responsible for providing appropriate training 
to PSOs to ensure ability t-0 obsen:e and identify a sea otter. 

{iv) NSF/L-DEO shall submit to the Service for review and approva] 
PSO resumes i.nc:luding relevant tmining course infonnation that 
identifies the name and qualifications (i_e. , experience, training 
completed, or educational baokgrouud) of the instmctor(s), the 
course outline or syllabus, and course refer;ence material as well as 
a document stating successfhl completion of the course (passing a 
written and/or oral examinati.on with 80 perc,ent or greater). 

(v) PSOs Mlllll hal.te succ,essfully attained a bachelor's degree from an 
accredited college or ilWiversity with a major in one of the natru.tl! 
sciences, a minimum of30 semester hours or equivalent in the 
biological scienoei,,, and at least one undergraduate c.ourse in math 
or statistics. 

(vi) The educational requirements may be waived if the PSO has 
acquired the relevant skills through alternate experience. Requests 
for such a waiver shall be submitted to the Service and shall 
include \.\ntten justification. Requests shall be granted or denied 
{with justification) by the Service within l li\'eek of receipt of 
submitt,ed information. Alt.emate experience that may be 
considered includes, but is u_ot limited to (1) secondary educ.ation 
and/or experience comparable to PSO duties~ (2) pt·evious wOflk 
experience conducting academic, commercial, or go"-emment~ 
~sored protected species S'l.U'.'e)'S; or (3) previous work 
experience as a PSO; the PSO shontd demonstrate good standing 
and consistently good perfo1mance of PSO dutsies. 

(d) Data Collection 

(i) PSOs shall use consistent data collection fonns, whether hard copy 
or electronic. PSOs shall record detailed information about any 
implementation of mitigation requirements, including t.he distance 
of sea otters to the acoustic source and description of specific 
actions that ensued, the behavior of the animal(s), any obse,rved 
changes in ~run•ior before and after implementation of mitigation, 
and if shutdown was implemented, the length of time before any 
s1lbsequent ramp-up of the acou,stcic source. Ifreqni:re.d mitigation 
was not implemented, PSOs shon-ld record a description of the 
circwnstances. 
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(ii) At a minimum, the following mformation shall be recorded: 

a. Vessel name~ (somce vessel and other vessels associated 
with survey) and caU signs. 

b. PSO name.s and affi.liationr.. 

c. Dates of departures and returns to port with port name. 

d. Date and participants of PSO briefings. 

e. Dates and times (Greenwich Mean Time) of smvey effort 
and times cotresponchng with PSO efforl. 

f. Vessel location (latitude/longitude) when swvey effott 
began and ended and ve~sel location at beginning and end 
ofvisuaJ PSO duty shifts. 

g. Vessel heading and speed at beginning and end of vis.ual 
PSO duty shifts and upon any line change. 
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h. Environmental conditions while on ·vjsual sun•ey (at 
beginning and end of PSO shift and whenevercondi.tions 
changed !.ignifican11y). inch.wing BSS and any other 
relevant weather conditions including cloud cover, fog. sun 
glare, and overall visibility to the horizon. 

i. Factors that may have contributed to impaired observations 
during each PSO shift change or as needed as 
en\•u:ownental conditions changed (e.g .. vessel trnffic. 
equipment malfunctions). 

J. Swvey acti,.,'ity information, such as acoustic wurce polYer 
output while in opernt.i.on, numlx-1· and volume of airguns 
operating in the array, tow depth of the array, and any other 
notes of significance (i.e,, pre-clearauc.e, ramp-up, 
shutdo""-u., testing, shooting, ramp-up completion.. end of 
operations. slre.amers, etc.). 

(iii) Upon Vlinal observation of any northern sea otter, the following 
information shall be rec.orded: 

a. Watch status (sighting made by PSO on/off effort. 
opportunistic. crew. alternate ves~l/platform). 

b. PSO who sighted the animal. 
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6. Reporting 

c. Time of sighting. 

d. Vesse1 location at time of sighting. 

e. Water depth. 

t: Direction of vessel's travel (compass direct-ion) . 

g. Directcion and estimated distance of no1them sea otter 
relative to the vessel at initial sighting. 

h.. Estimated number of animal» {bigh!low/be,-t). 

1.. Detailed behavior 0-bset,tations (e.g., groommg; acti,;rely 
moving away from vessel: diving; note any observed 
chan_ges in behavior). 

j. Animal's. dose.st point of approach and/or closest distance 
from any element of the acoustic source. 

k. Piatfonn. activity at time of sighting (e.g .. deploying, 
recovering, testing, shooting. data acquisition, other). 

L Description of any actions implemented in response to the 
sighting (e.g., delays, shutdown. ramp-up) and time and 
loc.ation of the action. 

(a) NSF/L- DEO shall submit a final report to the Service wit.bin 90 after 
completion of work or e.._~tion of the IBA, whichet•er comes sooner. 
The final re-port shaU include the following: 

(i) Summaiy of the operations conducted and sightings of sea otters 
near the operations. 
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(ii) Full documentation of methods. results, and in1e-t]lret~tiou 
pettaining to all monitoring, including factors influencing visibility 
and detectability of sea otters. 

(iii) Summru.y of dates and loc.'.ltions of seis-m.ic operations and all 
northern :sea otter s-ightings (dates, times, locations. acti,·i1ies. 
as~ociated seismic survey activities). 
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(iv) Estimates of the number and uatore ofno11hem sea otter exposures 
that occurred above the harassment threshold based on PSO 
observations. 

(v) Geo-referenced time-stamped yessel transect lines for all time 
pe.riods during which airguns were operating. Traru.ect lines 
5hould inchu:le points recording any change in au-gtm status (e.g., 
when the airguns began operating. when tht-y were tumed off. or 
when they changed from full array to 5ing1e gim or vice versa). 

(vi) GIS files shall be provided in ESRI shapefile fotmat and include 
the UTC date and time. latitude in decimal degrees, and longitude 
in decimal degree!.. All co-0rdinates shall be referenced to the 
GCS_No11h_American_ l983 geographic coordinate system_ 

(vii) All raw obsetvationaJ data. 

(viii) Certification from the lead PSO as to the ac.curacy of the repo1t. 

a. The lead PSO may submit statement direcdy to the Serrice 
couceming implementation and effectivene.ss of the 
required mitigation and monitorin.g. 

(b) Reporting Injured or Dead Northern Sea Otters 

(i) Reporting of Injured or Dead No1them Sea Otter - In the event that 
personnel in,·olved in s.urvey activities covered by the 
authorization discover an injured or dead no1ihem sea otter, the 
NSF/L-DEO mall report the incident to the Washington Fish and 
Wildlife Office's sea otter r;tranding coordinator ( il.-877-326-8837) 
as. soou as feasible. but no later than within 48 hours. The report 
~hall include the follo\,·ing information: 

a . Time. date, and location (latitudetl.ongitude) of the 
disc.overy. 

b. Condition of the animal( s) (including carcass couditi.on if 
the animal is dead}. 

c. Obs-erved behavion of the animal(s), if alive. 

d If available. photographs or video footage of the awmal(s). 

e. General circumstances under which the animal was 
di5oovered. 
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(ii) Vessel Strike - In the event ofa ship sttike ofa northern sea otter 
by any vessel involved in the activities covered by the 
authorization, NSF/L-DEO shall report the inc-ident to \V ashington 
Fish and Wildlife Offic.e' s sea otter stranding coordinator (contact 
information above) as soon as feasible. The repo11 shall include 
the following information: 

a. Time, date, and location (latituden ongitude) of the incident. 

b . Vessel's speed during and leading up to the incident. 

c. Vessel' s course.iheading and what operations were being 
conducted (if .applicable). 

d. Status of all sound sources in use. 

e. Description of avoidance measures/requirements that were 
in place at the time of the strike and what additional 
measures were taken, if any, to avoid s-uike. 

f. Envirownent.al conditions (e.g. , wind ~peed and direction, 
Beaufort sea state. doud cover, visibility) immediately 
preceding the strike. 

g. Description of the behavior of the northem sea otter 
immediately preceding and following the strike. 

h. Estimated fate of the animal (e.g. , dead, injured but alive, 
injured and moving, blood or tissue observed in the water. 
sta1us uwcnown,, disaweared). 

1. 'Io the extent practicable. photographs or video footage of 
the animal(s). 

(iii) Additional Information Requests-If the Service dete1mmes that 
fhe circ-umstanc-es of any no1i,hem sea otter stranding found in the 
vicinity of the activity suggest investigation of the association with 
survey activities is warranted ( ex.ample circumstances noted 
below), and an investigation into the stranding is being pursued, 
fhe Service shall submit a written request to the IHA-holder 
indicating that the following initial available information shall be 
provided as soon ac; possible. but no later than 7 business dayc; after 
the requeJ.i for information_ 
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a. Steams of all sound source use in the 48 hmu-s preceding the 
estimated tune of st-rnnding and within 50 km (31 mi) of the 
di.sc.overy/not:ification of the ~iranding by the Servioe. 

b. If available, description of the behavior of any sea otters(s) 
observed preceding (i.e. , within 48 hours and 50 km [31 
mi]) and immediately after tJie discovery of the stranding. 

c. Examples of circumstances that could trigger the additional 
infonnation request include, but are not limited to, the 
following: 

1. Necropsies with findings of pathologies that are 
unusual for no11hem sea ottet·s. 

2. Stranded animals with findings consistent with blast 
trauma. 

d. In the eveut that the investigation is still inconclusive, the 
investigation of the association of the survey activities is 
still warranted. and the inves tigation is still being pursued. 
the Se1vice may provide additional infotmation requests, in 
writing, regarding the nature and location of ~lll'Vey 
operations prior to the time period above. 

7. 'This Authorization may be modified, suspended or "vithd-rawn if the holder fails 
to abide by the c,onditions prescribed herein, or if the Se.1vice detennines the 
authorized taking is having more than a negligible impact on the northern sea 
otter stock in W ashingt.on and Oregon. 

8. Renewals - On a case-by-case bas~ the Sei:vice may issue a one-year IHA 
renewal with an expedited public comment period (15 days) when 1) another year 
of identical or nearly identical activities as described in the Specified Activities 
section i.s planned or 2) the activities would not be completed by the time the IHA 
exp-ires and a second IHA would allow for completion of the actil.iities beyond 
that- described in the Dates and Duration section, provided all of the following 
conditions are met: 

(a) A request for renewal is rec.eived no later than 60 days prior to expiration 
of the cmrent IBA. 

(b) The request for renewal shall include the foHowing: 
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(i) An explanation that the activities to be conducted beyond the 
initial dates either are ideotical to the previously analyzed activities 
or .include change-1. so minor (e.g .. :reduction in transects) that the 
changes do not affect the previous analyses, incidental take 
e--1.timates, or mitigation and monitoring .requirements. 

(ii) A preliminary monitoring report showing the results of the 
required monitoring to date and an explanation showing that the 
monitoring results do .not indic.at.e impacts of a scale oc nature .not 
previously analyzed or authorized. 

(iii) Upon review of the request for renewal. the status of the northern 
se.a otter, and any other pertinent infonnatfon , the Service 
determine,; that there are no more than minor changes in the 
activities, the mitigation and monitoring me.a,;;ure, remain the same 
and appropriate_ and the origin.al findings remain valid. 

9. AU reports or inquiries shall be submitted to ·"Attention: Washington F~h and 
Wildlife Offioe' s Sea Otter Stranding Coordinator'' at 
\V ai;hingtonFWO _ Admin@fws_gov. 

Acting 
Hugh Morrison 

Digitally s_'gned by Hugh 
Morrison 
Date: 202 1.04.20 16:al:3'J 
-0700' 

Regional Director. lnterior Region;, 9 and 12 
u_s_ Fi.sh and Wildlife Sen11ce 

April 20, 2021 

Date 
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Federal RL-gi!ile r /Val. 86. No. 38/Monda)•, March 1, 2021/Noliccs 12019 

for l.""1""'01 nf publimlioa ia Ibo Fede.rel 
Rt;;i.<ler. 

A.;,_nm Santa An11• , 
F~dnnl ~Jr,r L.i:,;ma far lh~ Departmr-nt 
o{Jlorui:,! and Urban D;,i....,Jc,pmr,nt. 

[I'll lb:. ?Ol\-&1074 T"akd W~ I; 8'45 •ml 
Bl.LIi«; CODE CH0-47-P 

DEPARTMENT OF HOUSING AHO 
URBAN DEVELOPMENT 

ED«kel N:o. FA-7040-N--04; 0 MB Control 
No. 2:535--0107] 

60-0ay Notice of Proposed Information 
Collection: Public Hous ing Financial 
Management Template 

AGEHCY: Office or Ille Assistant 
Secretarv for Public and Indian 
I-lousing. PIH, HUD. 
ACTIOO: Nol.ice. 

SUMMARY: HUD is seeldng apprm•al from 
I.be Office of ~menL and Budgi.ot 
(OMBI for the tnfonn:.tion coUl!Ctioo 
described below. lo accord.mc,e ,.,ith 1110 
Paperwork.Reduction Acl. HUD is 
requesting co:mmenl li"om all inll!rosted 
parties on-the proposed collecHon of 
in.funn.Jtian. 1b1q111rpme oflhis 001ke 
is wallow for 60 cl.ws or public 
comment. 

DATE:s: Gommenls Due Dale, April 30, 
2021. 

AOD.RESSE:S: [nteresl ed persons are 
im~ ted to submit commeuts r~rdini:i 
tbis proposal. Comments shoald refef"lo 
I.be proposll by nrune and/or OMII 
Control Nwnbet and sllauJd lie sent to: 
Colette Pollard. Reports Ma~ement 
Ollice,r. Ql)AM. Departmelll or Housing 
and Urbau Development. 4 51 7th Sireet 
SW, Room 4176, Washm~on, DC 
2041 o-sooo: teleplll:me 202-402-5 564 
(this is not a toll-froo number! or email 
al Coleite.PollardiJihJJd.gov for a cop,• or 
the proposed forms or otheJ a,·ailable 
inionruition. Persons ,vilh hearin1; or 
speech impainnents may access this 
number throusJI l TY by call i~ lhe to U
f-ree Federal Relay Service 11t (8001877-
8-339. 
FOIi RJRl!HE:R •IN FORMATION CONTACT: 
Dacia Rogers.. Office of Policy, Programs 
aud Lej::islative Init iatives. PIH. 
Department or Housini:i .and Urbcin 
De•,elopmenl, 451 7lh Street SW. 
IL'Enf.ml P laz:i, Room 2206). 
Wasbiugton, DC 20410; Lt!l~bane 202-
-102-4109. (t.his- is not a toO-froo 
11umoori. Persons with hearin,_;or 
speech imp,:iinmmLs may iHX!'.!SS this 
number vi.I 1TY by callilij! the Federal 
Relay Service at (BODI Bi7--8339. Copies 
or available documents submilled to 
0MB DI.JV oo obtai.lled from Ms. RO'lf!JS. 

SUPPLEl[ENTARY INFORMATION: This 
notice infolllls the public that HUD is 
seeking appro·,al from 0MB for t.he 
information ooU ection dL'SCribed in 
SOC1fon A. 

A. Oveniew of lnfonnation C"..olledion 
TiUe of Lo formulion CclJection: Public 

I lousing Fi.n."lOdal Maruig.emenl 
Template. 

OJfB~lf!rtnTll .",'umber: 2535--0107. 
Type o llllquest: Reinstat~menl of a 

previo v apprO\-ed colleclloo. 
Fonn !\,'umber: NIA. 
Descripuon of tire need for the 

in formation on d proposed ase: To meel 
the requirements or lbe llo ifonn 
Financial Standards- Rule (24 Cnt p3.11 
5, sub_pan 1-11 and the assel management 
requirements in 2➔ (J<'R part 990, the 
Oepa.nmmn developed fi:n.lncial 
manase□uml tem_p lates lllal public 
bousinr. agencies (PHAs) use 10 
mnualt)' submit electronically fm;mcial 
inform;:ilioa Lo HUD, HUD uses the 
financial i11fnrmatioo ii callect:s fmm 
each PHA lo assiS1 in Ille evaluation and 
assessment o [ the PHAs' overill 
condition. Requiring E'llAs to mpon 
electrunicaU~· bas enabled HUD to 
pro\ide a cnmprebE!llSi\'e fi.n:mdal 
asSCSSIDL'llt of lhe PHAs receiving 
federal funds from I ruo. 

Respondents: Pablic Housin,; 
Asencies (Pfl<\sl. 

listimal.ed An nrml He-porting and 
Recordkee,ping Barden : Tbe averar:;e 
burc!J!n hour esHmate assumes that there 
are 3,916 PH,\s (Lo,v Rent O□ l)', Low 
Rent illld Secuoo 8. and Secuon 8 only 
PEIA:s) I.bat :submit one unaudi led 
financial ma0.3Sement tern pl ate 
annually. Tbe a\'eniJle buiden bours 
assocjatecl l\.ilh an unaudited financial 
mawv,:emenl IL'm plate is 6 .4 bours 
l25,0l5.5 Iola! hours di"lded by J ,916 
PHAs). l bero are 3.538 PH.>\s I.bat are 
requimd ID or v-olruuarily s11bmi1 an 
aud iled fi nancial ruanasemen1 tempL'lte 
annually . The il\'l!fill3e burden bours 
associated wilh an audi Led fin.ancial 
man:isement template is 4-2 bours 
(14 ,705 toulhours divided by 3,53!1 
PHAsl. Whl!D add ed toi;ether. the 
:ll'era,:;e burden hours for 11 PHA th.al 
submits bath an 1D1audiled a.ad audited 
financial lllan.:lf:eIDl!DI ll!mplate is S.3 
hours, rar a lotal reportilljl burdeo of 
39,7:tl bours. 

B. Solici:b.tion or rublir: Comment 
This not ico i.; solicitiu,: oornmeu1s 

from memben or the public and affected 
parties concnr~ the co lleclion or 
Information described m Sectioa A cm 
t.he following:: 

Ill Whl!lber I.he proposed coUedioo 
or informati1111 is ll00!!5S.JJV for I.ho 
properpmfoi1Il.1DCI! oflhe furu:1ions of 

the ai:ency, incladin_g whether the 
informatioo will ha,·e practical utiliJy: 

f2) The :accuracy o r lhe a.i:ency·s 
estimate or Lbe burden of the proposed 
collection or information; 

[31 Ways LO l!D.bBD&E! thequalil)', 
u1ili1y. and claril\• or Lile infonnation to 
be collected; and 

HI Ways to mi[ll1Jli7.e the burden or 
the collection or infollll3tion on those 
who are to re5pond; incl u~ throuflb 
the use ofappropriatenu1om.1ted 
colleciiou tecbmques o r olher {arms of 
infOJil13tian technology, e~ .. pemiitting 
eledronic submiss ioa of responses. 

HUD eocaurages interested parties lo 
submit comment in response to lhese 
questions. 

C. Authority 
Section J 507 or the Paperworl:. 

Reduction Act of 1995. -H U.S.C. 
Cbapll!I' 35 as :iml!Dded. 

D!ll..d: re'hruuy t9, 2021. 
Moni" r.tchah..Dwt11., 
Din:dor. offiar, a/ Policy, Programs aad 
_LqJislatm, bilia!iws.. 
)TI! Cloe. ?OZl-041~6 FiladJ...tlh! I; 8:45 •111 · 

ERUNG COCE 42ff.+7..P 

DEPARTMENT OF THE INTERIOR 

Fish and Wildlifa Service 

(Docllet No . . ~1-ES-20:Z.O-Ot 31: 
FXESl 11401000000, 212, FRl'l E.00000) 

Marine Mammals ; lneident:al T alee 
During Specified Activities; Proposed 
Incidental Hara5$menl Authoriz:.ation 
for Northwn Sea Otters in the 
Nor1h~t P.acific Ocean 

AGEHC-Y : Fishatld \'lildli!e_Service. 
Interior. 
ACTION: Notice of ro:eipt of ap-_plicalion 
and proposed incid entaJ bar=ent 
autboriz.al ion: aimilol:Jility of dr.iJl 
e11\"iroamentaJ ,:ISSl!SSIUl!DI; and rnqul!SI 
for p ublic c:ornmeuts. 

smtMAJiY: The U.S. Fish .and \llfild life 
Service IServicel recei,;ed a request 
from the National Science Foundation 
(NSF) for authorization lo late a small 
number of northern sea alters by 
harassment incidental ta a marine 
~oophvsical sun'I!\' in the nort.hl!,lSt 
Pacific Ocean. Pursuant to Lhe Mariue 
ill.lammal PrntootionAd of 1972, ns 
amended IMMPA). the Sl.'IVice is 
requl!Sli 01:l com meOJ.S on i1 s prop053l to 
issue an incidental barassmeat 
aulhoriz.:nion ffl-lA 1 to NSF roa- cnrui n 
3cti \lilies during I.be period bL'lv.ieen 
Ma~• 1 atld June 30, W21. This proposed 
11 IA . if finaHz.ed, will be for- tale b)' 
l.ei;el A and ui1·el S h3rassmeoL We 
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ao ticipale no l.:lli:e bv death .md include 
none m I.b is proposed authorizal ioo. 
The Se.viol! h;is prep.um a draJl 
en l"uonm1!1llal :is:sessmea t (EA 1 
add.rossing Iha pmpmoo IHA and is 
soliciting public c:ommmu.s on both 
documents. 
DATES: C.OmmenlS on lhe proposed IH,'\ 
reques1 aotl tht! draft EA will be 
accepted □m. or llmfore Jl,,{;uciJ 3 1, 2021. 
.e.ODRE'SSE:S: 

Document amilabiliiy, The proposed 
IHA request, the draft £A. aad the List 
or re.rem.aces cited herein are a,o.ilable 
for vieY.inS at http:// 
wwiv.~ufalian s-.gov in Dockel No. 
l<WS-llt-ES-7020-0131 aod Ill hllp.-11 
WR'W-fws.grw/11'0J'i',-o. NSF"s ass.oci.·11ed 
E!D l'ironmeatll .isses:miea ts c:an be 
folllld a l bttps:llwww.nsfsavl~focef 
envr::ompl. 

Commenl Submission.- You mav 
submit CDlDDll!DIS OD this proposocl 
authmi:zation by ooe of 1.hn following 
IIll!l.hods: 

• U.S Mail: Public Comments 
Prolll!SSillJl, Attn: Doc.loot No FWS-RL
ES-2020-0\Jl . U.S. risb and Wildlife 
Service, s27r, l..eesbll.lR Pike, bllS: PRBI 
JW. Fall:; Church. VA 22041-3803; or 

• Pederol eRulema1:in8 Portal: htlp:lf 
www.res-uTations..gov. f'ollow the 
i.astructtoas for submi11iai:; comme11 ls to 
Ooclcet No. FWS-R1-ES-20 20-01:n. 

We will post al l comments on hllp:f/ 
wwiv.reg.ufa.lions..gov. You may requesl 
I.bat we witbbo Id personal identi.fyiDS 
i.a.farmation from public .re\·:iew; 
howe,;e-r. we can.nOl gunmnlee lha1 we 
wilJ be .:ible 1 o do so. See Requrot for 
Public Comments ro~ more ia fom1.11 ion. 
FOR fURTiltA INFORMATION CONTACT: Brad 
Tbomrr::,11, SI.ale Super1•isor. U.S. Fish 
and \', iJdlife Se-rvice, Washin&loa Fish 
;md Wildlife Office. 51 o DBSllland Dr:i ,·a 
SE. Suite to2, L..;cev. WA 9850J-1273 
(telephoae 360-76:.•-0HO) .. 
SUPPLEJIEHTAAY INFORMATlOM: 

Background 
Section JOt (a)(5]IDI of the MJ.rine 

Mammal Proceclion ACI or 1972, t1S 
amended (M\fPA: 16 U.S .. C. 136l. el 
soq.l. authorizns th(! Secretary of the 
l.uJerior loallow .. ll{loo request, the 
incidental, but nol mlentional, taJdog of 
l>Ulall numbers of ma.Tine mam.m;i.lsbv 
U.S. citizens \\·bo engage in a specified 
acti\•u:y {other Iha.a c:ommerciltl fishing} 
wilhi.n a specified region during a 
period nfnotmore l.b.m l year. 
Incidental 1..ue- may be a.Ul.b.orized oal ~• 
i r sutulDry and rir,;ulatory procedures 
are roUowed and Lhe U.S. Fish and 
Wildlife Service (b(!rroJ'ter, "UJe 
Service"' or "we .. ) makes Lhe folio~ 
fiadinss: (il The take is. of a s.mall 
number of marine- mammals-; fill I.be 

take will have a oir,.;li£ible impaa on the 
species or stock; and {iii) take will not 
h.1\·e an uomitigable adverse imp:ict on 
lhe availabi lity of the species or Slod 
.for subsistence uses by oo:ist:11-o.welling 
AL:!sl.:a Natives. Asp:ut arlbe
all1horizatian process, we prescribe 
permissible methods of tald~ aatl other 
meam.s a r all'e-ctiog the 11!."!Sl p:rnctic:.:ible 
impact cm Lbe species or Slod and its 
haliitat and prescribe re,qui reme11Ls 
pe.rtaiJli.11.; lo the m11a.i1oring and 
re-ponini; of sucb tatin,gs. 

Tiw term Nta.t.e:· JS dl!fined by I.ho 
}.i.\-lPA, meao.s lo hara:;.s, hunt, cap1Wl!, 
a r kill. or to auempl ID harnss. hunt. 
capture, or kil l ;my marine m31Jllll.1J (18 
U.S.C. 1362:(l JI} .. Harassment. JS 
defmed by I.be M.'>iPA. meaus .. WI}' act 
or pun.uit. loanent. or annoyancn which 
(i) bas Ibo potential lo injure a manoe 
mammal or marine mammal slock in t.be 
wild [Lbe MMP A refi!rs lo this impad JS 
Level A ha:rassmeal) or (ii] bas Lhe 
potential ID disturb a marine mammal or 
marine mammal stock in the wild bv 
causing disruption of oohavi or.:11 
p3.1le.ms, includ.ins. bul aol limited to, 
migration, broolhing. am:sin&,. breed tos. 
feeding. or shellnriog I the MMPA refers 
to lh!!se impacts as Level B baras:.menl) 
(See 16 U.S.C. 1362' IB)) 

The terms ··negli~ible impact, •· "smal l 
numbers,"' and •· un.mit:ig;Jble adverse 
impact·• are dl!fined in fue Code or 
Fooe-ral R.egulalioos al so Cffi 16.27, tbe 
Service's regulations govemi.ns take of 
small numbers of marine mammals 
incicle-nLal llO specified acti vi.Lies. 
·•~ ligible impact"' is defined. as an 
impact resulting from the.specified 
acll\itv Llul C:UlllOI be re:isooablv 
expected to, ,JOd is not reasonabf)' Likely 
to. adversely affect the species □r stock 
through elf eels on annual rates of 
.rocru.itmea t or sunrival. " Small 
nWilbers" is defined .li a portiao of a 
m.:uim.e mamm:il spocins o:r slOd:. whose 
LlklnR would have a aes;Li!l'ible impact 
oo Lhal species or slock. However. we 
do not rel)' on I.hat deli.ai.tioo as il 
conflates the tl!fillS •·small numbers"' 
;md "oegliil,ible impacl.," 1vwch we 
recognize a.s two separale and distinct 
re,qu irements {see Natura/ Res. Def. 
Council, 1111c. v. @;1111s, 232 F, Supp. ltd 
1003. I025 (N.D. C.,J, ZOOJI), lrute:id. in 
ou1 small numbers dlltenn.inalion, we 
evahmtewbethe.r the aumberofmariae 
ruammals l ike.Lr lo be ta.ken is small 
reliltive to l.be size af lbe overall 
population . ··Uamili_;able adverse 
tm p;ict" is dafined as an im pact 
J l!SU I tictg from the specified act i r ity (11 
that L; likely lo reduce the. avall.abW tv 
of Um species lo a le,•el insufficient for 
a b.'.lrvest to meet subsistence needs by 
(i I causi ag tbe marine JIL.llll rnals 10 
abandon or a\·aid bun.I ing An!as. liil 

direcUv displacing sulJ&istecce users. or 
(iii) placi□s physical barriers bea veen 
!he m:irine mammals :rnd the 
subsi..t1mce hunters: aad [:?I th.ti c.annol 
be. sufilcil!Dl!V mi Ligated by othe.r 
measures ID iocre;ise Lbe avai.labili ly of 
:marine mammals to allow subsisU!oce 
needs 10 be rueL Tbe subsistence 
p:rorision does: not apply to nonhern sea 
Oilers in WJSbingtoo and ~~on. 

If 1.be requisite fmdin~ are made. we 
,vill issue an IHA, which sets Ionh the 
followi11:,i;: (ii Permissible- methods of 
tanng; (ii} otlll'f me;ios or eliectinJ,l lhe 
least practiGJble iml)ilGl OU marine 
mammals aad I.heir liabitat. paying 
particular al Ll!:Dtioo ID rookeries. matini; 
grounds. amd areas of simibr 
significance; and {iii] requiremecnts (or 
moniloii .llJ: and repoltinf.l lake. 

Summary or Request 
Ou Oecamber 19 . 2019 , lheSeni ce 

rec.ei,·ed an app lication from the 
Natioaal Science Fouucuilion (heraafter 
·•NSF" or '' the applic:mt"l rnr 
aut.borizati□n to tlk.e the aorthl!lll Sl."3 

cl.Lt~ (En hydro Jnlris Smnyolli. hereafter 
··sw ottl!J:'5"' or .. otlers" unless anal.her 
subspc-cies is specified) by 
Wlin lenlional barassmenl incid(!at.:J I to a 
m:irioe l,lOOpll)'Sica.l sun·ey of I.be 
Cascadl.3 Subdue.lion Z.One off the coasts 
of W :is.bing-ton. Ore:::oo. and .Srilis.h 
Q)lwnbia, Canada. The NSF 
subsequent!)" postponed lhi! projecl 
until 2021. 

Description of the Activ[ties and 
Specified Geogrnphic Region 

The specified activity (the "praie-ct"J 
consists of Lament-Dohe-rt '.I' Earth 
Observalo,rv 's IL-OEOl 2020 Marine 
Ceophvsic:al Sum~ys h)' Lb.e Research 
Vessel Man:-us- G. Langseth IR/V 
lD.0.1,'S"ellll in I.be No.rt1Jeas1 Pacific OCl!all 
belwBl!D May I and June 31, 2021. The 
high-eiergy: nTo-Oimensioml rz-01 
seism ic surveys aw e.xpectlld to las.I for 
a total or -m (nonooasec:uLi rel days. 
including approximately JT days or 
seismic operations. z davs or equipmen.1 
dep l.ayme-nt/ret.rie,ial, and 1 day or 
transit. A maximum of G,800 b:n (4.281 
mil of transect lines. would be i.un-eyed 
in wllirine watera adjacent lo O~o.., 
Was.bingtoa, and British Columbia !Jam 
1 1 l'J to SO"N l.:J litude 11Dd - LZ-1 N and 
-130 W loogitude, of which 
approximately 6 .. 600 Ion (4.lOJ mil 
would be in lbe US. Exclus i'le 
Eoonomic :Z.011e and 295 k:m [163 mil in 
CaJ1.t1dian 1eni10:ri.ll. ;v.:iters. 'fbe Service
camiot authorize the incid(!l)Lal til.e or 
marine mammals in waters nor under 
the Jurisdiction of the Unit c,d SI.lies, and 
the Washington stotl of Lhe oortbem 
sea oUl!l' is not round withi:o Qmad,ian 
ierritorul wruers. "lbererore, tbe-
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Service's cakulatio11 of estimated 
i ru:id.e-ntal tlte is Limited ID the 
specifioo 1ICli ~ii y occurring in Uni Led 
Stales jurisdictional waters within the 
S"lock:'s rmge. 

l'he survey 1rnuld include seV«.11 
strike lines. pamUel [including one 
coolinuous line alODG tbe continental 
5belI] and perpl!Il diculnr Lo I.he coos:t. 
The RIV Langseth will lmv 4 sLJiag:;: 
containi.ac an .airra11 a r ss airl;un:. al a 
depth of lZ rn fJ 9 h l. creali~ a 
dischfilge volwne of approx:irnataly 
6,600 cabic incb6 (in') or 0.1 t rubic 
miller Im") at a shot intl!fVal of 37.S m 
112:J ft). Tue J6-aift;un array could 
operate 24 hours a cl.:!y. except during 
mitig.al ion shludowns. [o.r the enti:rety or 
the 37 days ofsur\'e)' The energy 
producoo oy the seismic array is 
brmdband and rllllses ftam :a few hertz 
I HzJ to atiJo bertz. (kHz.I: however. all but 
a sm;ill lr.ictian.oflhe ene:iyy isfi:lcusad 
in the 1 o-aoo Hz ~an11e (Tolstov et al. 
2009]. The receiving svsLem would 
consist ofane 15-k:rn (9.J.-mil long 
h~•droplloae streamer. Ocean Bottom 
Seismometl!ls (O13Ssl. and Ocean 
Bottom Nodes IOBNs} deployed ~~ithin 
Lbe 5UJ\'E!I' arw. La additioo 10 llie 
operations of lhealrgun array, a 
m uJtibMm ecbosollllder, a single-beam 
dual~rrequency ecbosoundl!f" (4 and 1'2 
kHz). a sul>-bottom profiler fSBPI. and 
an Acnustic Doppler Cum!nl Profiler 
(AIJCP) would oo operatc-d. Further 
inform.:ilion and techniC31 specificati.cms 
cao be found in NSF's. lHA applicalian 
and u,e Senrice's d r.ifl EA antlable al: 
htlD,1/WMV.regvlaticm.s-.i:ov. Ooci,;et No. 
FV.1S-R l-ES-z□20-Z012:013 L. 

Description or NorthP.rn Se.a Otters in 
the S pedfiA!d Acti, 0i ly An!a 

The pm posed 1111!.1 of specified 
act.i,~y occurs wi tbin the range or the 
Washington S1ocl: orlhe non.h-em se.1 
oller, a _pOJtioa o[ the species' r_.an_ge that 
is not llsled under the 6nd.an~emd 
Species Act of 1973, as amendl!d [ESA]. 
'I'bis stock primarily nc= aloog the 
Washington coast betwwn G.1pe Flail&)' 
and Gra~•:; Harbor. 001 smaU 1iroups 
have bee.a reported in tbe Straits or Juan 
de Fua and indiv idual sea ot ters have 
been reported in ~get Sound and alon_g 
Lbe Oregon coast as hr south as C.:ipe 
BL:!nco flell'ries et at 2019, USFWS 
:mm. w1pu1Jlisbed observations I. Rice 
OSU). Amon~ the l~est members of 
tbe ramily Mustelidae but one of the 
lilllall!!SI o[ ma:ri:ne mammals. narthem 
sea otters exhibit Limited sexual 
dimorphism (males me la~er Lhlw 
fooulesJ and can a ttain wei,:hts and 
lenl?l-bs up to 40 ~ f llO lb) and 1.4 m 
(4.6 fl!. respectively. TMy have a typical 
Ji!esp:m of ll-15 years (!Hedman and 
Estes L900l. Unlike mos1 other marine 

mammals. sea oUl!Jli ba,·e Jitlle 
subcul :mcoui; f.al . Thev depend on llle:lr 
clean, dense., water-resistlnt fur for 
insulation against the cold and m.:lintain 
a high level of i.a.lemaJ beal pmdud.ioa 
lo campeasala for lhe.ir lad of blubbe1. 
Oonsequently. lh.e:lr enE!IR(!lic 
requirements ara ruih. and they 
consume an amount or food equivalent 
10 approximi11ely ZJ to 33 percent of 
!heir body weiglll per day I Riedman and 
Esles 1990). 

Northern :.ea otters for.3He in both 
rocky il.Dd soft-sediment communities: io 
waterdepl.bs o[ 40 m (lJ I fil or less 
(1..aid.re el al. 2CIO!lj, allhoupi otters hon! 
been documL'Dled aloo_g the Washington 
coast as far ns 58 km {J 6 mi) ollshom in 
waters clA!eper I.ban 200 m (656 ft) 
(1'e:rn;o11 2019; supplemental data 
provided lo lJSFWSI. Thay lenrl to be 
found clolil!l to shore durin~ storms, hut 
thev \"l!DbJie fn.rther out dunng~ 
\\'l'lillhew aod calm seas (Kenyon '1975). 
Saa otters occais.ianall r m.Jte di,;es of up 
to 100 m (323 ft) (Newbv 1975). DUI lbe 
vaSl major::ity of Jeedinfl d ives (more 
lhao 95 peroeoll occur in waters less 
lhao -10 m (13 1 ft) in deplb fT'ink:er e4 
al. 2006t. 'lllemfore, sea otter habilal is 
ayp icallv defined bv the 40-m U 31-ftl 
del]tb oontour f(..aidm et al. '2:01 J 1. 

The number or sea o ilers in this stock.. 
for the purposes or this analysis. was 
esti.m.aled 10 l:>eapproximately :i.ooo. 
based oo sun•ev cou Ill dal.J :md 
proreclions ror areas ool surve)'Ed. The 
estim.:ued minimum abuodance of the 
stock, b:ised on SIUVB)' cmm.l dJ.1 a, iYllS 
2,785 sea o llel's within the area between 
C.,pe t;"Jattery and Gmys Harbor. 
Washingtoa: be1wroa shore and I.he 'I.O
m ( 13 l •ftl depth contour IJe lfries e.! al. 
20 19). While S)'Slellliltic sunre~s further 
offshore have not beea ooaduaed ta 
Washington or O1'118□n. olll!l'S 11:n:e been 
documented filrthef' offshore (Pearson 
20L9J Sun•&vs cond 1.1cted im Southe.ast 
Alaska found 95 percent of non.hem sea 
olten weze found in are.as. shallower 
lhao -10-m [131 ft) and s percent further 
offshore fTUlkl!r et al 2019). Therefore, 
assimi!,n6 a similar prnportim of sea 
oltl!ls ln Washington occur ollshore. we 
added S pen:;ent U 39 Sl:!J CIC.lets) to !be 
minimum .abund.anoe lo accoulll for 
ouen [:i:nher offi.bOie lhan 4~m ( IJ 1-Il) 
dee'-11 contour. lo gel a tatal popu.latioa 
esbmale or 2:.924 for lhe area between 
Cape IF1a1tl!f¥' and Gr_ays Hwix>r. Based 
on best professioual iuclgn1ent and 
limited aoeodotal observations, we 
esli.m.ale Jr,ro 541,1 otters lo\-ould be 
somewhere aJooi:: Lhe coasl between 
Grays Harllor and lhe WashingtonJ 
Orogon border and two sea ouers would 
be somewbme aloni the Or~on coost. 

Oller dl!D&ilies were calcu.fatE.-d foi the 
areo becv.ieen Cape FL:!uery and Gravs 

1-lad:xu. broli;l!Jl dawn ID north and south 
of the Quillavute River. Surveys 
indi c:ate lbe o il.er populatioo is .001 

eve.nly distribull!d throughout the arnJ 
surveyed rle.fl'ries- et al. 20191, md tbe 
dis111"bution of !be population duriD!l 
lhe proposed project as l.il.ely lo be 
similar to lb.al detectoo during surveys, 
35 work will occur dwinJl lha s.1me lime 
of vear ll.'.i lhe sur,eys were oonducled. 
(See Tobie 2 fur den sitv esl imaticms]. A 
deDstty was 001 astim.:ited rm I.ill! area. 
between Grap Harbor B.lld the soul.barn 
end of the projoct; ratber, we assumed 
lhal lhe four SM Oilers estimated lo 
occur there waul d be exposed. 

F'urt.bl!l biological. inflmna.Lioo on lhi.s 
stod; can be found in the Wa:shlngtoo 
Department ofFish and Wildlife's 
Periodic St,nw Review [Sato 2010) and 
Recovery Pl.30 (l..'Ulce el. al. 2004). The 
sa.1 otte.n in lhis stock: ba,·e ao 
rngulatory status under the ESA. Toe 
polcmlial biolo11k.aJ rll-lil0~·11L (PBRJ for 
!his stoct is l 8 sea otte:r.;: (USFWS 
20181. PBR is defined by lbe MMPA as 
lhe m.u.iwum aumber ofauimals. not 
including nalural mar1ali t1es. I.bat may 
be removed from a m:i:rine mammal 
stocl: while allowing that stod LD reach 
or mainb.in lt.s optimum sustainable 
population. \1ibi le no mortal it\• is 
anticipated or aulhorizad here. PBR is 
includl!d as a gross indicalor or I.he 
51.Jl US of the species. 

Sea Ofter Hearin8 

Can I rolled souml exposu.re trials on a 
sinsle older male soll1hem sea oiler (Ii:. 
1. n ereisl indicate that otters w1n bear 
fmqw.onr:ies betwoon l25 Hz and 38 tHz 
will, best sensitivity IJe.tween J.2 and 27 
kHz in air and 2 to Z6 kHz ucu:lerv.·ater; 
however. these lhrnsbolds may 
W1derrepresen1 best hearin~ capabilities 
in younger oilers [Ghoul and Reichmutb 
2014). Aerial and uade.waleJ• 
audic,,;11m1s fur a cap Li m adult ( 14-ye.ar
old} male southern sea otter in the 
pm;i!llOI! of ambi enl noise SUB.lll!5l lbe 
:.ea oue.·s be.Jnnll was less seomh·e lo 
hiRh-l'req_uency l~teJ tban 22 kHz! 
:md low-frnquLancy (le,s Ihm I kHz) 
sound than terrestrial mustelids. but 
was similar to that or a California sea 
lion IZa/ophu.s cali/ornianas). Howe\'er. 
lhe subjecL otter was stiD able to b_(!3f 
low•frequeaq• sounds. and the 
detection I..IJ.rosbolds for sounds belwooo 
o 125-1 k.Hz were between J l&-10 I dB, 
rBSpeCl:ively. Domi.oml frequencies of 
southern Sflil oiler voc.ilizalions are 
between 3 .md B kHz, with some e~ 
exteodini:; abm·e 60 t:Hz [McSbane et al. 
J995; Ghoul and Reichmul b ZO 12). 
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Polential l mp!ld..s oflhe Proposed 
Sefsmk Survey on Northern Se:i OtteTS 
in Washington :ind Oreson 

This sectaon includes a i.wnm;uy of 
Lbe W3}'S Lb.:U oompr,ne:nts of the 
Sf1ecilied :ictiviLy 111:iy impact sm Ol~TS 
;mt! their b:JbiL11. A mom in-depth 
analysis c;m ~ found in lhe Service 's 
dr.:l ft EA (USl<,YS 2020). The BsJ.ima(ed 
Tab! by Incidental Ham.smierrl of Sea 
Otters section later in lhis document 
includes a q\13.Dlit:ltiveanalvst~ oflhe 
number of sea otters that are expecled 
10 be taken by this ae1.i\ity. l be 
New-ip.ible lmpod section considers the 
cooteu t of I.he Estimated TaJ:e IP,• 
/ncidenlo/ HornsSJ11enl of Sro O.Jers 
SKtion, and the Mitigcnion o.nd 
Man ilorin g SKtion, 10 draw conciusioos 
regarding Lhe likely impacts o[ these 
actfrities an the repmducti11e suocess or 
sun'i\forship of indi\•idu.als awl how 
those impacls on iodividuals a1e l ikelv 
lo im pael sea otters. • 

Ouers may be impacted while al lhe 
slllface by the presence of lha \'C!Ssels 
Lraveliog'Lo/froID tbe ports to Lhe 
transects wid opeialiog .alDIJjs lhe 
transects. Otters undem•ater 111!3)' be 
impacted bv the OBS/ODNs as thev are 
dep toyed and the acoustic effects from 
Lbe airguns, OBS/SBP/ADCP/ 
ecbosoundl!fS, and ship ooise. 

Anthropoi;enic sounds cover a broad 
range of lll!!JUl!Dcies wid sowid le11els 
anti can b,l\'e J ra[l,l1.e or highly m riable 
impacts on marwe life, from nooeor 
minor ~ pol en~ally se11em res_p~es. 
depend mi; on S1J;nal characlenstlr:s, 
roceh'l!d le11els, duration of expO<SUie, 
behavioral can1ex1, and whelhl!f' the sea 
oner is above or below the in ter 
sw:face. Underwater souods a:re not 
lik.elv lo afl'eci sea ouers at the surlace, 
d\Je to the pressure mlt:.oJ:Se efl'ect Thus. 
the susceplibiliiy of sea ouers from 
undenf'Jll!r sounds wn uld be restricted 
lo beha~; ors dwins which the haad or 
body is rubmer,:ecf. ruch as du:ring 
foraging dives ;md underwater 
swimuun_g and. inlermillentl)' · dwing 
i;roomiDR bouts. Tlm proposed Jctivilies 
include UDderwater sou.ad sowces lha1 
are m1pulsi\'ll [airJ;uns) WJd □on
impulsive (OBS/SBP/ADCP/ 
echosounders and ship noise). Pa1e111ial 
effects froan impulsi ve sowid sources 
can range in s:everi Ly from el'fucl s such 
as beba~·ioral diS1urbance or toctile 
perception lo pby.sica1 discomfort. s i.i,$1 
to se•; em illjury oflhe inlernal organs 
anti the aud.itorv sVStem, or mortality 
(Yelverlon et ai. 3973; YeJ\ferton and 
Richmond 1981: Tumpenny md 
NedweU 1994; Tumpenny eta/. 1994). 

Marine mammals exposed to 11[:::b
intensil v sound. or to I awec-inlensil:)• 
s.ound for pmlooiied pt>riods, can 

experience J hearing lhrashold shill 
(TS]. which is the loss of hem~ 
s.ensitivity .al certain frequency rn.ngm 
(Finner.m 2015). TS can be permanent 
(PTSl , in which cnse there is physical 
dn.m~ Lo tbe sound reooptois :in the e.ar 
Ci.e., l!Ssue d.am.:Jge} and the IOGS of 
he.aringsensili\'ily is not fullv 
rl!CDvl!lahle. or temporarv ('ITSl, i11 
whiob cnSl:! there is primJrilv tissue 
fatigue and the animal"s bearing 
lbl1!Sbold would reco\'& O""t.'T Li.me 
(SoulhaU a al. 2007). Repeated sound 
exposure l.hal leads ta TI'S could ~ 
!PT'S. Temeorary or p l!.11llilDBUI Joss of 
hearing will occur almost exclnsi,•ely 
mr noise wilhin an animal's he.iring. 
r:inge. Given I.he longer exparure 
duralion nece:ssllil' to cause PTS as 
compared 1vilh T t'S. ii is cnnsiderablo; 
less likely I.hat PTS would occur as 11 
resu lt of praiect activities because a sea 
onm: could tl!Illo1re itself from exposure 
by coming 1D the! surlaa!. However, a sea 
otter undenuter ia close !Proximity to 
lbe bi!lber level of sound could 
expenence PTS. lln additioa. olleJ'S 
startled by the saund while for:iginr;1 in 
deeper waters will be undern·atm: longer 
and pote:nl i.:ill v be exposed Ito more 
acoustic sound. 

01!.ba,·ioral d ism rbance mav include a 
v11riety o[ ef:focts. incl mling subtle 
chang~ in beJ1;nior [e.g. minor or brief 
avoidance o[ an area, changes in 
vocaliml.inn:s, OJ cbJ.o8l!S in antipred.:!tm 
response). 111nre 00~1cuous changes in 
similar behavioral acuvities, and mare 
rusuined and/or poterufally Sl!-\leTe 
re.ictions, such as displacement from or 
abantlonment or h iJlh-quality b11bi1a1. 
Reactions by sea oilers to anl.bropogenic 
noise can be manifested as v is ibfe 5l3:r1 le 
responses. fliL',hl responses rDushing 
iinto w:ileJ from hllulouts or " splash
down" nlMm behavior in sud:ice-resling 
raBs), cb.:mges in mo,·i~ direction and/ 
or speed, changes in or cess.1tion or 
certain beil:lviors (such as ~ ming, 
s:ociaJizing, or feedingl, □r :1wid.mce of 
areas where noise sources :ire loc.:ued. 
The biolasical sii:;nificance of Lil t>Se 

belmvioral distu.rmnces is difficult ta 
predict, especi:1lly ifl.he detee1ed 
disnubances appear miaor. However. 
the consequences of hebavior:1il. 
moclific::illon wouJd be expected ID be 
biological] y s:ignfficant if the change 
aflected growth, sunrival, m 
repraduelfon. 

Polootially signific:.JDL behavioral 
modificallions include disturbance or 
resiing soa ouers. marked disruptioo or 
foraging beh,l\'iors. separation or 
mol.hers frum pups. or disruplio□ of 
spatial and social -patterns (sexu;:11 
5eHFeGalion and male Lerrilorialiivl. 
!Fara,."'lll,K is l!Dl!tgel.iGall)' costly la sea 
ott~. more so 1han 01.ber marint> 

mammals. because oflhei:I buopncv 
and swimmin~ :st\·le fYeat l!S ~ al. 2007), 
1hu:s displaooment from m reduction of 
foraging in higb-quality b:Jbit:n could 
rnsuJ tin iocreased energy expenditures. 
The energy expellSI! o.ndassoci:aled 
ph ysiol ogic:il effects could ulti:m:itely 
lead to r-educed sun·i\·al and 
re~roduction (Gill and Sutherland 2.000; 
Fnd and Di ll 2002). 

Dist.urbane.es c:m also h.;1ve indirect 
effects; far example, respoose to noise 
disrurbance is oonsidered II nanlel.bal 
stimulus lb:l.t is similar ta llll 
antiprndatorresponse (Frid :ind Dill 
2002). Sea auers are susceptible Lo 
predation,p.,rticul.arly from stwts wid 
~ les, and bave a Vl'ell-developed 
:111Lipred.:11o r response m percl!lved 
lhre:1ts.. which includes activeli· laokini:; 
aba,•e and beneath Lbe n·aler. AllhnUL',b 
an iocre:ise in vigilance or a night 
response is nonlethal, a trndr;aff occurs 
between risk: a \•oidance and en<!~' 
camservation. An animal's reactions lo 
nnise di:st11tbance may cause stress and 
direct an anim11r s eneri::y away from 
lilllesi.-EDhanCID£ :acl.i'litil!s Sllch :IS 
feedint:: and ~ting (Frid 3Ild om 2002; 
Goudie :md fomes 2004j. Fm e,;ample. 
soulhem sea otters in am.15 with heavy 
rl!Cieational bo:il traffic demoostmll!d 
ch~ in behaYioral lime budgeting 
sha,n ng doc1Based Ii me !'ES1 log .and 
cha.nRes- in hauJ-out patterns and 
dism1mtinn [Be:nh:un 2000; MaJclini el 
al. 20 11}. 

Chrooic stress Ci1Jl also lead tn 
we.alcenoo reaexcs. loweEt.od 10.1mins 
responses (Welch WJd Welch 1970; \'WJ 
Polanen Pete! et al. 2006) , compromised 
im mun.e fu action. decre.ised bodv 
welgbl. and abnormal thyroid function 
ISeyle 1979) Changes in behavior 
resultiog from anthropogenic 
dtsbub:mce can imclude increased 
a,goa.istic interactions between 
indhi duals or temporary or penn:menl 
aba11donm(mt or an alll!3 rsarton et al. 
1 o:t98) The type and extent or response 
mav be iwlul!llced bv inten.sit\' ohhe 
distulb:mce fCelrasco el al. 2001 J, Lbe 
extent or previous el.-poswe ID lmmans 
(Holcomb et al. 2009), tho !type of 
disnubaoce (Aoden;en ~ al . 2012], and 
the 3J;!! or sex ofthe in-divirl1l3ls 
(Shaui:;hn.essv et al. 2.008; 1 lolcomb a al. 
2009). 

Ex~ure 'Ihresh-oldr-Altboug.b no 
spec:lfic thresholds h.:lve been de\·eloped 
for SB.I oueis, several alle11Utive 
behaYioraJ response ltbmsbolds have 
been developed rfur nlariid pionipoos. 
01.ilriid pi.rulipeds fe-jl .. Qi1iromia sea 
lions [ZirlophusroliJomicmu1.I) ba,·e a 
liEqUency rani:;e or haarion most similaJr 
to 1.ba1 measured i.a a souihe.m sm 011.e.r 
(Ghoul and R.eich.muth 20 14} and 
pro\id e the closesl related proxy for 

Appendix D 

Final Environmental Assessment/Analysis for L-DEO Cascadia Subduction Zone, 2021 D-17 



 

     

FedttraJ Register/ Vol. 86, No. 38/ Moada,,. M11rch 1 . 2021 I K'ot..icos 12023 

wbinb d.:ita am a\·ailable. Sm one.rs and 
piunipeds share a cmnmon mammalian 
;rur.il pbysiolDf:Y {Echteler el al. 199-1; 
S□lnlse\'a 20071 Both are ndap1ed lo 
amph ibi1M1s hearing. and both use 
sowtd io tfil>sarne way !primarily for 
communication rather tbaa teedmg). 
NMF'S crileria far Level A har:r;.smeot 
represeors I.he bes I :ixail:Jble informru.i on 
for pred.iclinB i.ojwy from exposwe lo 
llilder.vater sound amonA pinnipeds. 
and m lhe absence or data specific ID 
otters, we assume these criteria also 
reprl!Seru app:ropriate exposure 
l.b.rl!sbalds far Level A harassml!DI or sea 
ol1 ers. 

ror ot:u iid pianipeds. PTS is 
predicted to aa:ur at 232 dB peak or 203 
clB SEl..cum (cWIIIJ.lati\'I! sound 
exposiue level I for impulsi"e sound, or 
219 dB SEI..cwn for non-impulsive 
(coot.inuoll5) sound (NMFS 2018). 
Exposure to onmitig.:ill!d in-wJter noise 
levels betwoon 125 Hz a.ad 38 kHz lhal 
are greatN than 232 dB pe:il or 203 dB 
SE.I.cum for impulsj•,esolllld or 219 dB 
SE:Lcum for nno-impulsive (continuous) 
s.owtd will be consldered by the Service 
as Level A baras:mumL NMFS predicts 
that marine m.1.ID mals are likely to be 
bebavinmll'f harassed in a manner 
considered Level B h.arassmenl wbeo 
exposed lo underwater .a.nlbropagenic 
omse abo\'e recei,red le\lels or 120 dB m 
1 µPa {nns) for continuous (e.s., 
,'ihramry pile-dri,·iJ1g. d.riJLia;] and 
above l llO d8 rel µPa [rmsHor non
explosh'e impulsive le..g .. seismic 
airgwis) or iDt.ennilleot (e.g.. scieoli fic 
sonarl sources (NMFS 2018). 

Tb:resbolds b:ised on TIS Cilll be used 
as a proxy for Ll!\rel B bim1sswe.0L 
Based on stud.ies summarized b)' 
Fm.neran (2015), NMFS (2018) bas set 
the 'ITS threshold for otariid pinnipeds 
al ! BB dB SEL.cum for im puJsive sounds 
and 199 dB SELcum for □□o-impuJsfre 
sowtds. Thus, using information 
available for other tru1rine mammals, 
specificall~• olariid pinnipeds. as a 
surroiiate, and laking imo consideration 
lhe best a,•ailable information :ibout sea 
a lters. lhe Service bas set Lbo received 
sowtd le,rel unden\"Jler of 160 dB re 1 
µPa Inns) as a lhres.bold for Lavel B 
harass:meol fnr se3 otters based on I.be 
wmi; o( GhouJ illld lll!ichmnlh (2012). 
McShane etol (1995), Ried.man (19831, 
Richardson el aJ. ( l 9951 . .and olbers. 
Exposure to unmiLiJpted imp uJsjve in
water noise le,·els belweeIJ 125 Hz and 
J8 l;Jb: lh:iJ ;ue greater 11:lao 1 oo dB re 
l µPa (ems) will be considered. bf the 
Service as Level B bamssmenl. 

E:xposnre ID Pro;ect Actilfilies-Based 
on Lhe studies 011 sea otters in 
Washington, California. and Alaska, we 
believe sea otters speod betweeo 40 and 
oo per&ell.l oI a 24-hour period wilh at 

least a port.ion of th ei.r body unde.rwau...
(!oraging.. otber di\linB- or sro□mins 
beb;ivi ors lhal result ID the head ooin_g 
uodenvatrur) aod forase both diurnally 
and nocturnal ly l~liog;:er £'I al. ?014. 
Laid.re el al. 2009. Yeates el □J. '200i. 
Ti1lker el al. 2008). Seismic sun·e\' 
aCl.i\ilies can operale 24 bours/day aod 
otters way be exposed a.L my lime. Any 
sini;le p□JDL a.Ions lhe uansec.U could be 
above l.b.fi?sh□lds for a maxi.mum of 0.5 
hours, d uring whid1 time sea oilers-in 
that are.:i would eog~e io unden\•Jter 
beha..-i ors and \\"DUld be_ ex posed to 
uoderwaier sound. Some areas ruoll!l lhe 
lra:D51!Cls will be eoso nified wore lhau 
□ace. 

Because sea ouec; .speo cl a 
considerable portion of lboir time al lbo 
surface of lhe waler. they arn lyp ically 
visually aware of app~adlin~ boa~ and 
are able to morn away 1f the ,;essel 1s 
nol travelini; too quickly. The noise o! 
approachlng boats prc0ndes an 
addi tional wnmin&- lhus otters should 
be able Lo deCect Lbe vessels aod paddle 
away. rather I.ban be surtled and go 
sulm uface. Because the RIV Langseth 
would be traveling rru;itively slow!)' [4 .5 
l::ooCsl dwiog tbe surveys. it is uo likely 
that sea otters 'll·ould suffer iniu.rv or 
dl!ill b from a \ 'assel oollisi mL. Oilers lh:it 
may be fora.sio;; ma" be s1arl1 ed by the 
mui.n1elv opernted vehicle deployed Lo 
1et:rie,re OBNs in waters >tiO m [197 ft) 
along lhree transects perpendicuJar 10 
the Oregon coast. 

The _potenliaJ for expoSillre to all 
acti \i Ucs is likel )' lo be limiled to wile:re 
the ,,~ J is operaling in wa1ers <1.000 
m (J .280 fl) deup, as we do 001 
anticipate oilers to be Iarthei offshore. 
Off the W:ishloi;ton coast. females 
prim:uiJy forage and rest io wnters <40 
m I 13 l ft.). bul males spead les-s time 
foraging dase to shore and rest fa 1111m 
offshore than females (Laidre el al. 
2009). venturi.as as far offsborn as l>B km 
(36 m j l [Pearson 2019, _ Wi thin I.be 
waters adj:i.cen:L ID WasbingLJill and 
nortllem ~a (ID Tillamook: HB.'ld). 
the ensoniliod zone would not penetrate 
the waters-betw«m shore and the 40-m 
{131-ftl depth contour, thus se:i a lters 
lhal may be exposed are more like I..- lo 
oo I.be males lhat occw fanber a IJsbore. 
'The 01 ters 3.long the Dragon coosa a.re 
presumed to be males. based on 
stranding data [FWS wtpublished data). 

NSF llild t,..[)EO h:mi proposed 
me:isures to minimize Iha chances of sea 
onerexposurn lo lhe seismic sun·evs. 
Almig I.be Washiogioo OOJst iD wall!ts 
<200 m (656 Il l deep, lhe airgun array 
would operate only durins daylii;:bJ 
hours. Tho airgun startup .-.,:mid be 
r:unped in order to alert ouers Iha! are 
undenv.:iter. in the hope they would 
mo,·e away. Prior 1D ~ startup :wd 

durins a~un operatioos. \'isual 
obserrnrs would be employoo durin1i 
dayli_Kbl bow:-..-, in order to esbblish a 
500-m (1.640 ft) mcclUSJoo wne. Any sea 
1Mleu1bserved in lb.is mne woold lead 
to a sbutdo1rn of t.he arrsun array. 
However, tbern will be gaps in the 
visual covera~. in particular durioi:: 
nigh tti:me opE!T.llioos in Orai,"lln ano 
OO)'OOd 2.00 m [656 ft.) in Wasbinglon. lo 
adtli lion, under poor we.alher cond.ilioos 
aml same good weather conditio1JS, 
obsem:!ts c.umot be rno percemt 
effectiYe and may 001 detect a se.a ouer 
in, oz aboul Lo enlN. I.he e.xclusicm zone. 
Fwther, visll.ilJ observa1ioos cmnol 
co-.-er the entirety of I.he area. with sotwd 
le\·els thaJ tll3)' cause behavior.a] 
changes. The lad of ability Lo fu Uy 
IIIOJl itor me eruionified area means an 
Dlll!f!sl ma)• go unobserved and be 
exposed lo underwater noise that results 
in Level A ao dlor Level B barassm(.'Dl. 

Potential Effeds or lhe Proposed 
ACSivity on Northern Sea otter Habitat 

Ph1•sical IIJld biological ra:i1ures of 
nab ital essentinl 10 the c011servi1lio a of 
sea olteJs include t.be beot.bic 
invenebrams (crabs, urchins, mussels . 
clams. etc.1 roleo b, oHers llDd lbe 
slullow rocltv arnas and li:elp beds th.JI 
pro,·id e CO\'er from pred.Jtor.i. lmport.:mt 
se.1 otter" babiLll are.as of significance i11 

Iha NSF and L-DEO prnjEcl :area inciuda 
co:islal areas within the 40-m { 131-It) 
deptb contour 1vbere bigb dl!llsities of 
Dlters ba\•e been dl!tecled, allboush 
deeper 1v:i1ers may Ile importaru. for 
mile sea otters. A cumber o f recl!lll 
rm·i ews and empirical stud ies b;m~ 
addm:ssoo the effects of noise on 
in\leneorates {Carroll et al. 2011) .. sea 
ottei prny, ~ilh some studies showing 
little nr 110 eliects :md others i.JJdicating 
dJ!leterious effects from exposure lo 
increased .~ound level.;_ Girno the sbor1 -
lerm duralioo of souods produced bv 
each componeDL of the proposed 
pmiect. it is wtliteJv thal no ise.~ 
senerared by s1uvey acli\•i ties 1,l"ill ba\·e 
any lasting eff:ect on SG.'I olll!r prev (see 
the Se_i·vtco•s draft EA [USFWS 202.0} fur 
furl..bei i.ufo rma.lionl. 1beMMPA allows 
the Senrice lo identif}• avoid.mce aod 
minimiZalion measures for affectiol:J lbe 
loasl practic:ible impact of the specified 
aGlhity oo i.mportlnl hab itats.. Although 
sea a lters wilb.in this important habitat 
may be impacted by i;eophysic:i.l 
surveys cooducted bf NSF and L-OEO, 
lhe projecL as curre.11tly proposed. ls not 
likeJy lo w111se lasti.nS effects la babilaL 

Polenti al Im pads at the rro~osed 
Adi vii)• on Subsistence Needs 

The suhililen1:I! provision of the 
MMPA does not apply to nonhem sea 
otters ill W asb.i.ogtnn :md Ore:so o. 
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Mitig11Uo n :md Monitori ng 
Lo order to issue an lHA under 

Sect ion l 0l(a)(S)(D) oHbe M\iPA, lhe 
Sl!l'Viro must set (orth lhe pcmnissible 
met.bods oflili~ pursuan t to tbe_ 
acti\·i1v. and other means or affectm~ 
Iba l1!i1St practicable ~pacl_on tho . 
species nr stock and 11r. habitat, paying 
p articular o.ttentioa lo h.ab itat_:iroas of 
s i,µiificaace amd the ayallab1lity of sea 
otters (or subsistence USQS b',' cmstal
dweUm~ ,\Jasica Jl.'..'.iti rns. alth ough Ibis 
factor is ool apP.lic.ahle fo r Lb.is :ic:tion. 

ln ev.iluating haw mitigalion may or 
mav nor be appropriate lo ensure tho 
J~ t practicable impact on spocies ar 
stocks and theiI h.abital. as ,veil as 
subsistence uses where a{lplicable. we 
c:i.refully cons ider two prurrary factors: 

(t ) The manner in wliidt. and lhe 
dL,gree to\\ bich, the succ-essful . 
implementation ofl~ e measure{s) is 
expected 10 reduat wipaas 10 marme 
mammals. marine mammal Sp!!Cles or 
slocks. and their babitat. This considers 
lb e nature. of lb? pol1mti~I ad~~ 
impact bein13 nuui;ated (1.e., likelihood, 
s.cope, range). LL further considecs the 
I ikelibood that the measure wiU be 
ef!eclh·e iI implemented (probabi.lit):o r 
accomplisblo_; Lbe mitig;itiog msul l 1{ 
impleml!llted as planned), Lbs . 
l ikelihood of effocth-e implementalJoo 
(probabili ty implemented as planned); 
aod 

(2) The practic.ibi Lit v or tbe m~sures
for applic:ml implemental1on, which 
mav consider such lb:ings as oost. 
impact oo opera~llllS. and: i:D I.he case 
or amilitiry IBJdiness aCIJYuy, 
p i!-™111 Del safety, practicality of 
1mpll!IDenlation. and impart on lhe 
effecti ,·imess of the mil it.ill)' .re:id i:nass 
acti\'ily. 

To reduce the potential for 
disturbance to m.irine mammals c;ausecl 
by :imlJSl.ic stimuli assoc.tit ed with IHA 
acti\•ities, NSF" has prop~ to 
irnplemenr mitisaLion measmes for the 
northern s-e.J otter ioc:Juding. but not 
l imited 10. the folloWU1_i;: 

• DeYelopmeol of marine mammal 
mooltorin;; and mitigation p la.us; 

• Reduced survey lr.tasecl L1 nes and 
dayliJlhL-rooJy opemti~!:!5in arBJ of 
higtwsl sea Oller dens1ues-. 

• Establishment of shutdown and 
mooltori:og zones: 

• Vessel~basoo vis:ual mi~tion 
moollarins by Prolecled Species 
Observers; 

• SilE! clearing befme start-up; 
• Soft-surtandsb utdown 

proc:ednres. 
The specific methods 10 be 

implerneoted are Fwthl!I spKified in the 
Senrice's draft EA [USFWS 20201 
a-.-ailable at: hllp:lll~WIV.r!!f;Dlatioas.,:uv, 
Docket No. FWS-Rt- ES-202CHll3l 

Estimated Take by Incidental 
Rar:issment of Northern Sea Otll!l'!l 

lo a previous section. we> d 1Scussed 
the compoaeots of tbe project activ ities 
that l:l.1\'e I.he p oll!D Lia.! to alfcel sea 
otters .111d lbe physiological and 
behavioral effects that can be expected. 
Here. we discuss how th.a Service 
cbaraderi7.l!S thl!Se effects under the 
MMPA. 

Ao incLi ~iduaJ sea otter's reac:t ioo lo 
hwm1.11 a.ct i Yi t)' will depend on _Lli:e . 
otter's prior exposure 10 tbe.actJv11:y. its 

need to be in lhe panicular area. !Ls . 
physioJIJll.ic:il status, or other mtrtns1c 
ractars. The location , timing. f:requeocy, 
inleosit)' a11d duration of lboenoounle. 
are a.mang the external factors tbat will 
also influeace the anima.l's rospoose. 
lntermediate reactions lb.at disrupl 
bioloi;1call r significant beb.a,•iors are 
cansidered Level B h.arassmeul undt!r 
the M.\fPA. 'lbe Service has identified 
lhe followi~ sea oner behaviors as 
indi.calini; possible Level n l:IJ.rassmeot: 

• SwiDi.lllini; away at a fast pace on 
bellv (i.e .. porpoising): 

• Repeall!df y raising Iha be:Jd 
vertically above tbe , \-aler lo i;e1 a helter 
view (spy hapP.i:OS] ~blle appa.renUy 
agitated or ,,..hile swimm in;; away: 

• In 1.1:Je case oh pup. repe.aledly spy 
hopping while hidinl,l behind and 
holding onto ils mother's head; 

• Ab:mdon i:ng prey or Cl!eding area: 
• Qiasi.og to nu:rse :md/or re.st 

Cap plies 10 dl!peodenl pu_ps); 
• Ceasi.og to rest (npplles Lil 

independent aoimalsl; . 
• Cca:sing to use movement cnmdors 

along tl1e sbon>lio.e; 
• Ceasing mating behaviors; 
• Sb.iftins/fOsU.inglagitalion in a raft 

so that Lbe Cl.fi disper.ses: 
• Sudd en di,i ng ofan entire rafl: or 
• !Flushl□!J 11Dimals alf of a h;iulouL 
Tbis list is ool meant to eocump :JSs all 

possible boo.i,"Ulrs: other sit wl1i ems may 
:ilso indicate Level B h-nrassmenl. 

RBJctions c.ap3hle of causing injllf\' 
ar-e cb:iractruiZEd as Le\'el A harassment 
e,,eots. HotveYer, ii is also import.an! to 
no1e lhal. depending on the cf~Lion 
;ind sel.'eriW of the above-described 
Lenal B behaviors. such responses could 
canstitute tale by Level A b:irassmenL 
For example. wbilea sinste DushinR 
e\·ent would li kel l' indicate Le,·el B 
harassment, repeatedly llushin~ sBJ 

011ers from a bauloul 1nay oonst itUJe 
Le1·el A hE1C11Ssmeot. 

Ca/culal.in5 Estjmall! of Tak es 

la the secti aos below. we esli:miu I! 
lake by barassmenl aitbe numben of 
Sl!3 ouers from the Washi:ogloo stock [in 
O~na:od Washins toul Lbat :ire Likely 
lo be affected d uring the proposed 

acti\'llies . We asswnad all animals 
e.-q,osed 10 underwater sound _ll'!Y_el.s that 
meel Lbe acaustic exposure en lena 
would experience 1..e,•el A (>2JZ dB....._) 
or Level B (16~23Z dB,ual harassmenL 
To detennine 1b e number or otters that 
=v be exposed lo these souud Je,•els, 
we crealad spatially explicit zones of 
ensoni6CJtion using tl1e proposed 
reduced s u l\·ey 1 ransect lines anrl 
determined the ownber of ollers present 
in lbe ensooi.llcatioo rooes usius 
density information gen~ed from 
m.inlrnum pop ulation estunales LO 

Jeffries el al. (20 19). which subdi vides 
the survered area iuto Cape rlattery 10 
ta Push and !..a Push 10 north entr:inat 
ofGraysHarbm. An in-depth 
explanatioo of tbe process used can be 
!oUDd in the Service's dmrt CA (USFWS 
2020) available al: blip:// 
www.a,.'lllalion s.s:ov. Doctet No. FWS
Rl-ES-2021HH 31 

The Level A .:ind l.evel B uuden,•ater 
soun d thresholds ,.,ere used lo create 
sp,11 ialh• explicit imsonlfic:ilioa llDllllS 
surrou.ndiag the proposed proiect 
transects. We created a buffer \ \ilh a 46-
m ( t5l-ft} -.~idU1 :i.round I.be proposed 
project transects to a~I.I.OI f?J the Le·, el 
A 11nsonifiocl area 0111mher side of the 
24-m-wide f"rn-fl-,-rid.el airBuo array. To 
determine the L.e,·nl 13 eosonifiad area. 
WI! pbced a 12.650--m (7 ,9'-mi) buffer 
around tr:msects: io water<JO0 m (328 
fl) dL>ep. and a tl.468-m 15.9-mi) b uffer 
around tr.msl!Cls io water 100-1.000 m 
(J Z&-J.200 fll deep. . . 

The minimum populauo a esumate 
from JelJrillS 114 al. (2019) can be 
s:peci ficallv applied to lhe sun'l!yed 
:irm, ,,-hich included tbe Washington 
coastline bl'!twee11 Cape Ratter, and 
Grays Harbor in the oearsbore a.mas less 
thaa 2s-m CB2-flJ dept.h contour. Se.:i 
otters are ovl!P,...helmiagly oh;en·ed (!lS 
per-cenl) wilhin lhe -4 0-m (131-fi) depth 
contour (L.lidre el al. 2oou: 1inler e! al. 
2019). thus for the purpose~ oftbi.s 
aD.Jlvsis. lhe popal.11100 astmmed by 
Jeffries /!la{. (2019) is assumed lo apply 
to the -10-m (l-31..[t} deplb contour 1hr 
the waters l:lelwL'Bll Grays 1-1.:ubor and 
Cape flaumy. Toe minii:nmu :wuud:mce 
l!Slimall!S from re ffries el al. (ZOJ 9l \\' ere 

divided north a.ndsoulb of the 
Quillay111e River. U11is far I.b is ~alysis 
habillll was divided Into sub~oas:, 
Cape Flo.ttery south 10 Q~.1yu1e Ri ,·er 
(subregioa north) and Qu.1Uayute River 
to Grays Harbm (subregion mid). . 
Oeosit1• estimates for I.be aortb and mid 
subregmns ,vern calculated bv di \iding 
the population estimale for I.hat 
rubr('!!ion (Jeffries et al. 2019) by the 
area .from sbora 10 lhe -40-m U3 t-fl) 
deplhcoatoor. See Table 1 for projected 
sea 0111!£ abundance a.ad densit,• 
est imates . 
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Sea otter abuncbnces outside or the 
area co\·ered bv su.nrevs were inferred/ 
eslim.lled llS follows. 

• North and Mid SIJbr!!gions 4~100-
m /13 1~28-fll deplh conloar, While 95 
percent of sea ouen are observed within 
I.be 40-m (lJl-fi) depU1 contonr. olters: 
do occm mtheroffsboro lsee Pearsoo 
2019 fnr specific inst:mc:es off 
Washington coast], lhus lower density 
a ltl!.T tubital mts delineated between lhe 
40- and 100-m rtst-and -32~fll di!-pth 
co111ours. To calculate the density of 
a lters: io lower density (40-10-m or 3Jl
J23•fil habitat, we multiplied the 
density o[ the .adjaceot ruib-deosity 
hahitat by o.os. 

• J\'o.!h and Mid sabrl181ons > 100-m 
(UB-fl/ depth conloar, Pearson (2019) 
o'l:tse:rved two sea OIiers fl in 2017 and 
l in 2016) in waten. -..100-10 IJZ8-ftl 

depth contour in the Mid sullfe,g.io11- \'iie 
do not liaye a reaS-On.able method ror 
dete.nnining the density of ollers: in Lbe 
waters this deep a11d f.Jr offshore, thus 
fur the purposes or calrulating the 
WIIDber of otll!rs lhal ma,; be exposed, 
we assumed 1 oU&s could oo io lhe 
waters: >10D-m (328·01 dl!Jlth contour in 
lhe Mid 1illbregion. 

• SoolJJ subregion, lncludos the.i1ea 
from Gr:iys Harbor south lo Oregon/ 
Callionua border. This subregion was 
n1nha djvided into three areas because 
o [ the dif:ferenoes in 'lr.mSl!cls and sea 
otter observatioos: C.rays 1-1:ubor to 
Was.b.iJJgloolOregon border. Nonhem 
Oret;an. Soull1er11 O~on. 'l"here IIII! no 
systelll:ltic sun-eys conducted south or 
Cr:iys 1 larlior. bur lb ere are c:oosistenr 
repolts ofindh·iduals as far soulh as 

Cape Blanco. OTl!8011 funpubl ished FWS 
dat.J; fim Rioo, O~on State Universirv, 
pers. c:omm). We do ooc have data to 
iofamJ a dens:ilJ eslim;ue for lhase 
areas; however. in our best professiooal 
judJlmenl we eslim.lled that .a minimum 
of four sro otl era Dl;J}' be in the sou th 
subreg.ioo at lhe Umll of the project. 
Pearson (2019) observed one sea 0 11 e:r in 
wale:rs > lOD-m (32.3-ll) deplh contour io 
the South subr~ioo, We do not haye a 
reasonable melbod for detennj uing lhe 
de.osity of oll.l!r.. in the waters I.his deep 
and br offsbOl'e, thus ror tll_e purposes 
of 1:.1lculatin:; the number of otll!ra I.bat 
may be e.-.:pos.ed. in theCI3ys H:irbor to 
WA/OR bord&, we 3i!iSUIDed LV.O sro 
otter-s c.ould be :ii any depth. w OTO",.O.D. 
we assumed one 011er in each or the two 
areas. whicil could be al aD)' depth. 

TABLE 1-ESTIMATED SEA OTIER ABlA'DANCE ll,\'D DENSmES FOA THE ANALYSIS AREA 

Abundance 
6sllmata 

Araa 
(kml) De"51ly Abl.lldance 

es!lma!e 

L<l'wer aais'ly 
(40--100m) 

Area 
l,ltm") Density 

t..'IOrltl · ·-·-·- ·- ·-·-·-·-·-·-·-·-·- ··-·-·-·-·-·-·-·- ·- ·- ·- ·· 
WlO ··- ·- ·-·- ·- ·-·- ·- ·- ·- ·-·-·- ·- .. - ·-·-·-·- ·-·- ·- ·- ···-·-·· 

649 
2,238 

458 1.2 "Z1 566 o.os 
0.06 

,d, 
1.434 1.56 112 2,060 

SOUU'I ··-·-·-··-·-·- ·- ·-··- ·- ·-·- ·- ··- ·-·-·-·- ·-·-·-·-··-·-·· 

The followi.os assumptioos were 
perti 0001 lo our estimate o[ harass meat 
1.1ke [see above for specific rationale): 

• No otter'S will occw- >100-m (32.&-ll) 
depth conJow- ill North subregion. 

• Visual obsen•E!JS will nol be able to 
see 5g] otters in poor weatlu!f' 
conditions md will not be obcien'ing at 
niRhL Wbea ,isual obsen.'l!rs are not 
able lo effecti vel v obsen·e sea otters, 
there would be no mitigation 
(shutdown! applied. 

• Wben ,i.:;ual obs~'1!fs are nol able 
10 ohsen-e sea olten. Lile~· could be 

side or the species, al tributing the 
b:i.rassmenl to Le\'el A. In the .lJ'eaS 
where a density est im:ite caono1 be used 
to differential e the numbs or oilers 
exposed lo Le,'el A or Level D. 1ve 
31.tributed the b.arnssment 10 l.e\'l!L A. 

• During tbl! pro;«t. only t1orn sea 
ott&-s will be io the waters olfibom of 
Southwest Washiogton betm.'Ell Crays 
1-1.ubor and Washington/Or~oa bordet'. 
Tbase two sea ouers 1o.a, 1 be m waters 
>100 m (3'28 Ill, lhus b.arnssment w as 
assii:;lll!d .J.I. Level A oooditians. 

Tbearea impacted in e.:ich sub~ion 
md depth CDIJIOIU was multiplied by 
Lbe estimated oiler density to deCennioe 
Lbe number o [ Oil~ that wou Ld 
experieuoe Level A and Le,;el B sound 
levels (Tables 2 and :Jl The tobl 
nuruhe:r of takes was prediaed by 
estimalioi; Lile projected days of ;ictivily 
in each sub"l!lfooandd_eptb cootour 
using lhe reduced U.ansecls supplied by 
NSF. In se~·ernl areas , lbe length and 
direction of the proposed survey 
transect Lines make ii highly unlikely 
Lbal impacts will occm an onJ 'f 1 clay-. 
lo these illStances, we estimated Lhe 
dapoldisluroancebJsedoo the 
number or pnsses of the sur,;ey transect 
l.i:nes. 

exposed lo h.arassmen1 !hat bas the • During the proj,ect. only tw□ sea 
potential to in[urn (lei,el A I or dis! um otters will be io lhe waters orfsborn of 
b'i' causios disruptiao ofbebavioral Orego11. 'The.;e two s.e.. o11Bs may be io 
pane:ms fl.e\tel BJ. Far the purposes of walf'r5 :u any depth contour. thus 
th is analvsis , we appliod our best harassment was assigned at Le,·el A 
professional judgmenl and erred on tbe coocliti11ns. 

TABl.E2-ESTIW.TEO NUMBER OF NOmHEAN SEA OTTEAS E:NSONIFl:ED BY Sou:,.'D LEVB.S GAEATEA THAN 232 dBRMB 
(LEVa A) DUE TO THE PAOPOSED ACTIVlilES 

Tm was cait:ulai!!':I 1:1)' malUp.ytlg tile area e11s-:inltled n e-ad'I Sllllr'9!:llOO 1:1)' mat eul:Jreglon'S sea otil!I' denelly or s;iecmc l!<!ltlmate, lnen 
mt!lltpled 'f'lf Ille profectea Cli)'S ot enscotlk:alloo) 

SlJbreglOn 

"anh ·-·-··- ·- ·- ·- ··-·- ·- ·· 

HabC.a.l lype O!!<lSl)' 
(a:tel'Slllm'I 

H9J (<40m) .. - ·- ·- ·- ·- .. - ·- ·-·- · ---.. - ··· 1.2 - ·- ·- ·- ·- .. - · 
L°"' (40-100 m) .. - ·- ··- ·-·-·- ·- ··- ·-·-·- .as - ·- ·- ·- ·- .. - · 
Offshore (> 100 m) ··- ·- ·-·- ·- ·-··- ·--·- O ..... ·- ·- ·-·-·- · 
HIQ!l ( <40 m) ·-···--·- ·· ·- ·- ·- ··- ·--·- 1.56 · ·- ·- ·-·-.. - · 
La.w (40-100 m) ··--·- ·- ·- ·- ·- ·- ·--·- 0 05 · ·- ·- ·-·-.. - · 
Olfshore (:..100 m) --- ·- ·- ·- ·- ·- ··- ·--·- 2 ort!!;rs - ·-·-·- · 

0 
0 

0 
0 

!SStMT\JC!!(I 
IBKMny 

Pflljadem 
Cla.ysaf 

I.aka 

0 _ ,_.,_ , ___ _,_ ,. 

0 

0 - ·- .. - ·-·-·- ·· 
0 
2 2 

ES!lmaleel 
!iLJl\'l!J 

totall.llltes 

0 
0 
0 
D 
0 
4 
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TABlE 2- ESTIMATED NUMBER OF NORTHEJIN SEA OTTEAS ENSONIRED BY SOUl\10 LEVB.S GAEATEA THAN '232 d8RM9 
(LEVEl. A} DUE TO THE PA0POSB) ACTIVl11E~oo1inuecl 

Ts.m Wi!B caJrula!ed l7f mul!lp!'Jl"IQ ltle araa E11sonllea 11 each ~ l7f IIJat wbreg)On'S :s;ee ot'.er Cl,mstty or ~c &S!lmate, IMr, 
m11HJp11ec1 l7f tne prqectetf days or eMmmcatlor)J 

SlJtlreglOr! 

Grays Harl:tor•WIVOR 
bafder. 

N Oregoo - ·-·-·-·-·-·-·-
s Ofe!JCII - ·- ·- ·- .. - ·- ·- ·· 

Total - ·- ·- ·- ·- ·- ·· ... 

EsttrlalEd stock Tota.I · ·
Percentage llll stock -·- ·· 

Haofa1 l')lpe 

2 Olle;r · ·- ·- ·- .. - · 

1 otte,r -·-·-·-··-· 
1 Oller · ·- ·- ·- .. - · 

2 

PrD1ectea 
da.)'5 Cf 

take 

2 

2 
3 

ESIJmated 
Elli\'!!')' 

l1lta1 ia._~i,S 

2 
:l 

l3 

2.928 
0.44 

TABlE 3 - E STIMATED NUMBER OF NORTHERN SEA OTTEAS ENSONIHED BY SOUi','!) LEVB.S GAEATEA THAN 160 d9RM9 
(LEVR B) DUE TO THE PAOPOSED ACTIVITTES 

IT..;,;1:1 was cabJlii.le<J l7f mullipl)1'1g It;& iiJeil Br.,9Jfilf1e<r IR 8601 sl.lJreg on by 1hat SUl:lreglan's sea O'tlaf de'lslt)' or !:fl8CttlC i!S1lma!e, It.an 
muHJpCed 1J¥ 1111! profecleadays or ell!lall1lcatlon] 

Hablatl)'~ 

Nor1t1 ···-·-·-·····- ·- ·- ·- ··- ·-·-·-·-·-·-· HtJh ( <40 ml ··-·-·-·-··- ·- 1.2 --·-·-·-·- ··- · 
L.ow {t0-100 m} ···- ·- ·- ·- _Cfi ·- ·- ·- ·- ·- ··- · 
Low [40-100 m) ·· ·- ·- ·- ·- .C6 - ·- ·- ·- ·- .. - · 
Ottst,ore (>00 m} .. _ __ .. ____ o ·-·-··-·-·-·- ··- · 

Profeded 
Oii)'S or 

take 

Esllmate<l 
survey 

total ta.<!!5 

D O O 0 
0 0 I 0 
0 0 2 0 

Mid - ·-·-·-·-·- ·-·-·-·-.. -·-·-·-·- ·- ·- ~h (<40ml .. _,_,,_______ 1.56 .. - ·- ·- ·- .. - · o o - ·- ·- ·- ·- ·- ·· o 
Low (40-100 m) ·· ·- ·- ·- ·- on'i .. _, _____ ,.__ o o 2 o ____ _.._ ____ ..__ ___ _,_ ___ _ 
ort5rore (> 100 m) __ ., .. ___ 2 otters ···-·-·- · Accoontea ror ti Level "'-

Gra)'S Harbor-\'l,..'OR oorcfer ., _ ___ _ - ·- ·- ·- ·- ····- ·- ·- ·- .. - ·- ·- ·- 2 o!IEis ···- ·- ·- · Accounted lor l'1 Le·rel A. 
oregoo .. - ·- ·- ·- ·- ·- .. - ·- ·- ·- ·- ·- ·

s Dragoo .. - .. ···-·- ·- ·- .. - ·-·-·-·- .. -·-

Esmtaletl stock T0:!11 - ·- ·- ·- ·- .. - ·- ·
Percentage Ill Stock ·- ·- ·- ·-·-.. - ·- ·-

We expect th;it up 10 l J sea ouer.; mav 
experience uivel A andJor uivel B LUe 
due Lo har_a:ssmenl by noise rrables 2 
and 3]. While sea ouer.; ia these areas 
are mOS1 likely to be exposed ta Level 
lB h.i:rassmem, d~ timE!S whim soo 
01 ters C11DILOL be obsen·ed. 1ve am eninii 
oa Lbe side of Lb e species and anributing 
the potential har.assme!lll lo Le\'el A. 
tbus lhe I otal number o[ al U!rs harassed 
is accD'Uuted ror under Le\'el A. The 
revised Lrans:eru provided by NSF 
resul I ed in lhe J:rea of easorulication 
being bewnd the t oo-m fJZS-ftl depth 
conunm for t.ht! e-ntirn coast or 
Vlt.iJshington: therefore. no oue_r-j io 
waters l ess Lb.an 100 m ( 32.8 ft) deep a.re 
anlicipated ID be harassed by the 
:i,cth·iaies The 1otal number of 
incidenlal lilffl of sea ou ers is expect ed 
lO be less than tJ . Take from S0WCl!S 

other lhan noise ls not expected.. 

Findin::;s 

1 Olls<I · ·- ·- ·- .. - · 
1 ottE>l -·-·-·-··-· 

The Sen.i ce: prop<r..es the following 
findings re,s;;irdin_~ this action 

Small ,",'umben; lktennination 

The statute :md l~islati\re history do 
not expressly require a specific type of 
numerical analysis: for the s:inall taJill 
enl.u.llion, le.Jvin~ Iba dete:nnination of 
·•small " to the ai;enc:v·s discretion. In 
this case. we propose a finding that Iha 
NSF and L-Dro project may result in 
incidental take of up to 13 ollim;: fmm 
the Washington sm ouer stock. This 
:repmse.nls less llh.ln 1 perc;p_..m of Lhe 
stock. Predioed hm!ls of la.ke were 
detennined based on estimaled deusily 
of sea olleu; io lhe project arm and ao 
ensnni6c:.ation zone developed using 
empnical evidence from the same 
Jl00gf3pbic me.a and corrected ror the 
mechodolo;;.)• proposed !by NSF'and L
DEO [or this p rojocL Based OD these 
numbera, we propose a finding lhat ltll! 

AccoUnted ror l'1 Level A 
Accoontea ror l'1 Level A 

0 

2,928 
0.00 

NSF and 'L-OEO protect wil1 ulce only 
a small number of m:uin.e m:unmal.s.. 

M.enli,r:fble impact 

We propose a, fiadinz lha.l my 
incidental taks by b.ll'as:smem resulting 
from the p,oposed activil)' cannot be 
reasonably expect.eel ro, and is not 
rn:isonably likely to, .idversel y a.ffed Lhe 
sea otter tfuougb effocts on a.llll uaJ rat.as 
of recrujlment or survival and will, 
lhe:reforn, h.J,re no more th;JTI a 
n~lig.ible impaa on tho species or 
stocks. In makinJl this findins:. we 
considered the best a \.iilable scieutiftc 
informatioo. i.oclud.inB: (1] The 
biological and oohavioral c~IOCleristics 
of the species:; (ZI !he most recent 
information an s_pecies cllstribuJJon ;i:nd 
abundance wii thin lhe ar ea of the 
specified activily; (JJ the curreol :JJld 
expocted futum:stalus of the Slod: 
(including eJdstin~and foresee.able 
bum:m and aal1.1.I3 l strossorsl: (41 Lbe 
potential. soOices of clisturOOD.CI!' c:.aused 
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by the protect; and (51 tbe potl!Dtial 
response, of marine m:unmals I o this 
chsturbance. lnaddition, we reviewed 
applic:mt-providl!d mateml, 
information w IHll files aod datasets, 
published reference materials, and inpul 
from axperts on the sea otter. 

The Service does not anlid pate lhal 
mortllitt• of affected otl.l!rs: would occw 
as .'.I resu h of NSF and L-DllO's planned 
Slln'l')"· Thus. moruu,y ls IIOL 
;m1horizcd. We ;ire propostni: to 
aulborize Level A and l..eveJ D 
barassme-ot of 13 sm otters. The effocts 
lo these indiridU.Jls are unknown , and 
lastilJ!l e ffects to s1m·ival and 
reproducl.ioo for lbese otters are 
possible. Hnwe\'l!I. wn believe Lb.ll a.ny 
l'TS incunad as a result of the planned 
actiwu,, would be in Ille form of ant,, a 
small dewoe of PTS, no1 total dmfness. 
.md would be unlikely Lo affect the 
l'llDess of any mdi viduafa fnr the 
following reasons: (Jj The coostml 
mo\·emeot of tlle R/ V Langseth means 
the vessel is 001 exp ocsed to rem:iin in 
any one arro in wlttch indh,ld ual otten; 
may spend an exten~ed period of time 
(Le., smce tbe du.auon af exposure to 
loud sounds \ \'ill be relatively short); 
and (21 we expect tb.ll sea oums would 
be likely to moVI! away from a sound 
SCILJICI! 1.tt:11 represents an aveis ive 
s:timuhts, especi:lll y at levels I.hat wo uJd 
be expected Lo result io PTS, gi,en 
sufficieu1 notice of Ib o RIV Lan~eth 's 
app1t13cb due to Lbe ,·es:seJ's relatively 
low sp ood whl!D oonduct.ing seismic 
SllIVi!j'S. 

We expea Lhat the majori1 )' of I.alms 
would be in the fmm of short-term 
behavinr:al harassment in the form or 
lemporruy al'oida.nce of lhe area or 
ceasing/decreased fo~illj( Ci r such 
acti\'i1y were occumni:1. RBJctions 10 
this: type ofhnrassment could have 
s:igJlific:wt biological impocu rar 
affected illdividlUls b U1 are aol likely to 
resull i11 mearun hle changes: in their 
survival or 11!-prod uclion. t he otters 
subjecJ Lo sh rut-lernl beb.avioral 
barassme-ot wou Id be lhe s.Jllle otters 
lh:it may bl!sulljecl 10 Lavnl A 
harassmeuL 

The total ou:rnber o[ an.i.m.:tls aifectL>d 
.md se.1!I'i1r or impact is not sufficieal 
10 cb,:mge the Cllm!lll population 
d)'namics of the sea otter ot the 
subr~iou or stocJ, scales. Althll'ltl\b Iha 
specified ncthities llLlY rt'Slllt in the 
t.a.ke of up to I l sea otters from Lbe 
Washim:ton stock, we do not expect Ibis 
18'1'1!1 of barass:ment to affect annu.:1.1 
rales of recruit.meat or sunival or result 
in adverse effOCIS oo the speciBS or sLocl. 
as all of Lhe projected ta.l;es occur 
outside of U1e areas used by females and 
are most likcly to be males. 

With implemen1ali011 of lb e proposed 
project. sea ouer habitat may be 
impacted b,1 ele,,;ued sound levels, but 
these impacts 1vonld be tE!Dlparn.ry and 
are 0 0 1 anticipated to result 10 

detrimental impacts to sea 01te1 prey 
species. SecatJSe of lbe temporary 
ru11u:rc oftl1e disturbance, the imp:u:as LO 
sea olle:rs and the food sourlP.I thev 
ulilize are a ot expected to c.1w;e, 
siSJlffic:wl or long-tercn cons:equeoces 
for indi \'idual sea otters or tbeir 
popu.la1ioa. 

The proposed mlligalioo measures am 
exp l!Cled to reduce I.he numb er and/or 
severity of !Uke events by a I.lowing for 
detectioa or se.:i otters in lhe vicio itf of 
the ,1essel by viSUal observel5. and by 
minimizini; the seYerity of :wy potential 
exposures " ia shutdowns of the airgua 
array. Tbeso measuros, and the 
mo11 i1orins lllld reportin~ procedures, 
are N?quired for the val idiiy o! our 
lindm..i; and arn a nE!lll!5SaO' cornlN)oent 
oftbe proposed IRA. F'or these reasons, 
we propose a fmding llu.1 the 2021 NSr 
and L-DEO protect will have a 
neg) i,;Jble impaa on sea otters. 

Impact on SJJbsiSlence 
The subsisumce provision o f the 

MMPA. d oes 0.01 applv to northern sea 
otten in W:isbiogton and Oregon. 

Requir~ Delermi:rulti ODS 

Endangered Species A ct 

The Ser\'ice's proposed lake 
aulborizatiao bas no llffea on illl'I/ 
species listed as threal l!Ded cw 
end.lnge100 under the ESA. The 
proposed NSF Seismic Survey is a 
Federal action currently undeq;oini: 
separate inlerai;ency consultaUoo wilb 
lhe Sl!J'Vi.ce pursuant Lo Lbe CSA. As 
[SA-listed species or critical habitat 
will not be impacted by the Sarvioe's 
proposed lllke authorizali an, intra
a~cy coosullation for the perm ii 
acli on is not required. 

NaUoci al @11rirorunenlol Polky Ad 

We have prepared a drJft EA rusrws 
2020) addressing lbe proposed MMPA 
Lake authorizat.ioa in accordance with 
lhe requirements of NEPA f42 U S.C . 
4321 e1 seq.). B:ised DD lhe fmdiogs 
presaited iD the EA. we bave 
prelimin.:!riJy cane.Jud ed th;u appro\·:al 
and issuance of the aul hori7Ation for the 
nonlethal, incidental. uniatenlional lake 
by Level A and Ul\'el B harassment of 
small numbers of Lbe WJshiuglon s:tocl: 
of the northern sea otter caused by 
acti ,ities conducted by the applic,mt 
would DOl sign i'fic:anllV :ifIOCI th I! 
quality of the bumao environment, and 
that lbe preparation of :w environmental 
impact slatemenl for this actioa is cot 

re,qu ired by sect ioa 102(21 or NEPA or 
its im plenioo Linst regulations. We .are 
accepting comments oa the draft EA as 
desclibed above in ADDRESSES. 

Collt!rnmenl-fo-Govemmmrl Jlelalions 
Wi lh I\fatfre American Tribal 
Goll'E.'rnmen!s 

lo aa;o1dance 1-.ith: The President's 
memorandum of April 2!l, 1994, 
"GoveJll.Oleal-lo ~:~l\'eaunenl Relati o□s 
with N111iveAmericmi TnbaJ 
GO\'E!mments" (59 FR 229511; the Natfre 
Ammica:a Policy or !be Se:rvicn (lru1uarv 
20, 20 16); Execuli\'e Order 13175 
(No,•embeJ B. 20001; and the Departn1eu1 
of lhe Interior's maaual JI 5 l 2 OM 2. we 
readily acl:Dow ledge our resp onsibility 
to ooaimunic.11e meaningfully wilb 
Federally recoiµuzed Tribes on .:i 
Co,,emmenl-fo-Co,emmenl basis. We 
have evaluated possible effects of the 
proposed MMP A tat e aulborizatioo Oil 

federally reoognized lndi.111 Tribes aml 
baVI! determined that there are no 
effecis. 

Proposed Aull1111ri:zalion 

We eropose 10 issue an !HA to NSF 
for i w:idental takes by Level A and 
Levnl B b.arnssmenl of up LO 1J sea 
ol te,s fro en U10 Wasb.iagton stock of lha 
uol'tbero sea oiler. 1ba final 
aulborizalion \IIOU]d incorporate the 
milig.:uioa. monitoring. lllld reporting 
measures as desaibed below and fully 
datai led in the draft EA. The bkinJi of 
sea otters whenever th e n.~ 
canditicms. mi ti;;alion. monitoriog. ;md 
reporting measures are not fully 
implemented :is required ~ the Il·IA 
will be prohibited. taiJure lo follow 
these measures m:1y result in ilbe 
modification, suspension, a, revOCJIJon 
oflbe IHA. Authorized ute will bl! 
limited to PTS and disruption of 
beh.i,·i oraJ patterns Lbal may be caused 
bysm,pbysical suneys a.nd suppon 
aOU\>iUes m ndueled b,' NSF illld L-DED 
in Washington illld Oregon from May 1 
to hme 30. 2021. Weanticipale n□ take 
in the form of death of oonhern sea 
Dlters resulting from lhesesurvevs. 

lf Lah! excoocls the level or t )'Pl! 
idealifiod in the proposed aulborizallon 
(e.g..greatertha.u ll iocid1mls oflalm a f 
sea otters!. Lbe [HA will be invalid.lled 
and lbe Serrice will rt!e,·a.luate ils 
find.iaS$. lf proji!Ct.xtivities cause 
unauthorized la.ke, the app licanl must 
take the following actions: (i ) Cease its 
acli ,>ilfos immediatel1 (or reduce 
ac1.i\'ities 10 tbe minimum le,·et 
ooccssa1y to m;iiutain safety!: l iil repon 
lhe details of the i acidenl Lo lhe 
Serviai's WJsbington Fish and Wildli fe 
Office wilbio 48 haurs ; .md (ill) 
suspend further activitillS until the 
Service bas reviewed Lbedrcumstancns, 
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determilled. wbetber addill onal 
mitigallon me;iswes are necessary Lo 
il\'Oid further u:naulhorized ti.ting. and 
notified the i!pplic.aot I.hat tliev may 
resume project act:i\itios. 

AJJ opuratians ~~ and Vl!'SSl!l 
operalorsm~tsl l_)OSSl!SS a lllil(IY of lbe 
IHA and mamt:nn access to 11 for 
rerl'rente al al I ti mes during project 
worlc These pers.oanel must 
understand, be rnuv awnre of. and be 
c:ipable of implementio111be conditions 
n[ lhe II IA al all times dwing project 
w01L 

The IRr'\ will apply Lo .ictivities 
associated. wilh lbe proposed projee1 as 
dcscribed in I.his documenl. lbe draft_ 
EA. and in tbe applicant's amended 
app lic.ation and environml!lltal 
assessments. Cllaages Lo I.be proposed 
project without prior Serrioo 
.rull:torizabon may invalidate the IHA. 

Operators shalf al low Senrice 
pers.onnel or lhe Sol!JVii;;e's designated 
repre.sentath•e to visit pro;ect work sites 
lo monitor impacts Lo sea alters al ;in )' 
I ime lhrou,!11ou1 project act1vi lies so 
lo:0!1 as it is safe Lo do so. "'OperaLor.s" 
ne all personnel opM.JLing under lbe 
applicaol's aulhorily, including au 
coolractors ilJld subconlrnciors. 

A fl.cul report will be submilled by 
NSF 10 Uie Service ,~;lhio 00 diivs afte. 
completioo ofworlc or expiration oflhe 
[HA. The repoI1 ,~;11 describe lhe 
aperalioas IIL'lt were caaduaed and 
document sigh tiags af se.i ou.ers near 
Lile ope:r:i1io:ns. ·1111_. repon will provide 
full doc;umeot.alion or methods. resu.lls, 
and int.erprt.'4aJ.ioo P'-'Jl.JWli:afl Lo ;ill 
IDowtarin~. mcluding f.actor~ 
in!lueocing visibilil,; ;wd deCectabilily 
of se:t alters The fU1JJ repon will 
rum rn:irize the d:it~ antf local ions or 
seismic operations. and all aonhem sro 
ouer sigblinRs rd ates. limes. lncatiollS, 
activili es. assoc:i.ated SE!JSIII ic survey 
act.i\•itiesl. The ropor1 will a lso iudud.e 
estimates. of lhe number and nature of 
exposures, if an}', 111.31 occurred a.bo,·e 
Lbe harassment threshold oosed OD 
Protected Species Observer [PSO} 
obsenr.itioos and i:ociutlllls an estim:ue 
or Lbose th.JI were not delec.led. 

The repon. slL111 also i:ocluCU! geo
referenced lime-stamp.id vessel transect 
lilles for all time periods durin~ which 
ai.rguns were operatin.g. T ransect l ines 
:;bould illclude poi11ts rocording any 
cb.mRe in ai~ status (e.g .. \\hen Iha 
aiwiru began operating. when llle)· 
were turned of:( or ,vb.en they c:h:mged 
[10m a full am1y lo a single gun or vioe 
ve,sa). GIS files shall be provided. in 
ESRJ sba,pe61e forni.al and illd ude Lhe 
IJTC date and lime. Lati tude in decirn;il 
deg.tees. and longitude in decimal 
deg,ees. All coordinates shall be 
referenced lo the GCS_NortlLi\mericaIL 

1983 geogTaphic coardiJJ.1te system. In 
addi lion lo ilia report. all ra~v 
observatiooal dat.1 shall be rn:ide 
avail:J.ble Lo the Service. The report y.;U 
be 11cc.ompa.aied by a certifil.ltioa from 
lhe lead PSO as lo the accurncv of the 
repoI1. 3Dd me lead PSO m11ysubmil 
dimcLlv to Lhe Sen-ice a statement 
ooocemin11 implemeotauon and 
ellectivennss or the required miHRation 
and mollilorlilt?. 

Reforena!5 

A list orthe references ci Led in this 
notice is avai lahle al 
WMv.resuicnioJJ.!i-S(JV in Docltet No. 
F''WS-Rt -ES-:!O21Hl l :Jl . 

Requesi for Public Comments 

If vou wisll lO C:Olnml!lll on this 
proposed aullioriT.at ion or tile assoc:i.aled. 
!lrall EA, or both. vou may submit your 
commeats. bv a.av oflbe methods 
described 1n' ADDRESSES. Ple3Se identify 
if)'OU are ccJmml!lltiJlfl oa the proposoo 
lHA. draft EA. or both. Please IILlke vom 
comments as specific as po.5Sible. 
confine them LO issues pertinenl Lo Lhe 
proposed aulhoriT.al ion, and explain lhe 
reason foraO)' chanj::es you recommend. 
Wbere possible, ~w colllIDl!nlS sllould 
refl!leoce Lbe specific sec.lion or 
paras:rapb th a-t you are addressi~. The 
Serv:ice r,viU consider allcammools lhal 
are r,ecei ved before the dose or lhe 
comml!Dl p!!'Tiod fsee OATES above). 

Defore includi~ your ;iddress, phone 
number, email address. or o lhlff 
persoaal identifying i:ofonn.at io:a iu vonr 
commenl., you shauJd be aware th.11 
your entire comment-including your 
per.;.oaal identi fying infonn.at ioo-may 
be made publicly available 111 :my lime. 
Wbi le you can ask us io your comment 
lo withhold yam pecr;on.al id enlif};ng 
information from public review. we 
caunot guarantee that we will be able to 
doso. 

Ds\ed: Fci!,n,,,,ry: 21, 202. L 

flu,gl, Morman. 
D,,pr,ty R,:gianal Oirector. lnt,,rio., lqia,,s !1 
aatl 12. 
(l'll lloc. 2021-0lll>lt F iflod .'!-l!&-21; 11-"'5""" 

BlllliCi COOE Ul3-1~ 

INTERNATIONAL TRADE 
COMMISSION 

[lnvest1gatl011 No. 337-T A-1238) 

Certain Pollycrystalline Oiamond 
C~mpacts and Artiolas Containing 
Same: N!>tica of Commission 
Determination !Not To Review an Initial 
Determination Amending the 
Complaint and Notice of Investigation 

AGENCY: US. lnlem;itional Trade 
CommissiocL 
ACllOH: Notice. 

SUMMA.llY: Notice is hm-!!IJy given Lbat 
lhe U.S. In ternational Trade 
Coaunission f'Cooun issi011·•1 h~s 
detennined not lo review an initial 
determination r"ID'' ) (Order No. B) of 
the pre!riding :id.ministra.lirn Jaw jurlgo3 
("' AW") gr;wli.llfl an wiopposed motim1 
of compfaimnt US Svulfu!llc 
Corpora.Liou for leave. to :unl!lld lhe 
oompbiot and nouoe ofim·esligation to 
substitute Guangdong Juxin New 
Materi;ils Technolo11y Co .. Ltd.JS a 
respondeat in pl3ce of Zhuhai Juxin 
TeclmologJ. 
FOR RJRTHER INFORMATION OOHTACJ : 
Ronald A. TEaud. Esq. , Office nI the 
Ceneral Counsel, U.S. Cnwm:itiorutl 
Trade Commission. SODE Street SW. 
Washjn.~011. OC: 20436. telepho:oe (202] 
201HH27. Copies o[ooo-confidentfal 
documeols filed in cortnertion wilb Uris 
iinvestiso.tion may be ,.;ewed on lbe 
Commission's elecuonic dod:e.t IEDIS) 
;it lrilps:lledi.s.usi!c.,:ov. r01 help 
;JCCl!SSIDS EDlS. plEGSC i!ID;Jil 
W1S3Help@u:.iJc.gmr. General 
info!llllltion cancruui~ the Commission 
may 11ls0 be obtained by aa:msing its 
internet ser\'& al hllp!i:llwww.u.sitc.ge,v. 
l·leari:og-impain!d per.sons ne advised 
that infoTm.llion on lbis mauer CilD be 
obtained by cantac1iDR the 
Commission's. rnn terminal oa 1202) 
205-1610, 

SUPPLEMENTARY INroRM.11.llON: ·n,e 
Conunission inslituled Ibis in\·estigatioa 
on December 29, 2020. b.:m!d on a 
complaiol filed by US Synth.."4.ic 
Corporation of Diem, lJtJh !"US 
S)'nthelic"). 85 rn 856B1 (Dec. 29. 
20201. The compl.1iu1 al iases violations 
ofsection 337 or tbe Tariff Act or 19 30. 
as amended. 19 U.S.C. 1337 (.,section 
JJr), based upon the importarioo iato 
lhe United States. Lhe sale fa r 
import1Hoo, and the sale wiUlin Lhe 
United Slates after importit.ioo or 
certain palyayst;JJline diamood 
oompac:.ls and articles co.Illa~ same 
bv re.aso11 orinfringemem of mrtai11 
chi ms or U.S Pateru Nos. 9,932,274; 
10 ,soa,502: 9.315 .aa 1; 1 o.507 ,565: and 
8.,6 16.306. Id. The complaml further 
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Appendix E 

APPENDIX E: NSF NEPA DRAFT EA COMMENTS AND RESPONSES 

Commenter Comment Response 

Marlene P 

First and foremost is the potential impact on the endangered 
Southern Resident Killer Whale population along the 
Vancouver Island BC and Washington State coasts. Your Figure 
1 map of the proposed survey sites has this critical habitat area 
marked, but there are survey transects and receiver locations 
in that area anyway. This population is down to 72 whales. The 
three main impacts on them are food sources, pollution, and 
vessel noise, and yet you are proposing activities that meet, or 
possibly exceed, Level B harassment takings. This is 
unacceptable. You cannot put this severely endangered 
population in harm's way, even for "short-term, localized 
changes in behavior." You state you will monitor for marine 
mammals and will "power down" or even shut down in their 
presence. This is a Resident population. Whether you see 
them, hear them, or not, they are always there. No surveying 
should be done within their critical habitat area. 

Thank you for your comment. We worked closely with NMFS to 
ensure that operations would minimize any potential impacts to 
Southern Resident Killer Whale (SRKW) and their critical habitat 
(CH). During consultation with NMFS per the ESA and MMPA, 
additional monitoring and mitigation measures to operate safely 
and minimize impacts to SRKW were considered and proposed 
survey tracklines were revised. These changes and additional 
measures include: 
- elimination of survey tracklines in US & Canadian designated 

SRKW CH; 
- elimination of survey tracklines in water depths <100 m off WA 

and Canada; 
- north of Tillamook Head, OR, including within the Canadian 

EEZ, in water depths between 100-200 m: 
- daylight only operations; 
- additional PSOs monitoring from a support vessel 

operating 5 km in front of R/V Langseth 
- shutdowns for SRKW at any distance visually observed or 

detected acoustically. 
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In general, regarding marine mammals, you state you will 
visually monitor for their presence in daytime and acoustically 
monitor them during nighttime testing, requiring 30 minutes 
of absence before doing a start-up. Nighttime operations are 
too likely to miss the presence of marine mammals and turtles. 
At the time of year you are proposing for this study, you will 
have 15-16 hours of daylight each day. Please consider 
shutting down at night. 

NSF took into consideration this suggestion. Shutting down during 
all nighttime operations would significantly prolong the survey 
effort within the survey area. PSOs would be on watch during 
daytime to ensure the exclusion zone around the source is free of 
animals when the source is ramped up. Once airguns are 
operational, it is not anticipated that animals would move towards 
the source if they were experiencing harassment effects. Given 
specific concerns about SRKW, however, operations would be 
conducted during daylight only in areas north of Tillamook Head, 
OR, including within the Canadian EEZ, in water depths between 
100-200 m. In addition, operations proposed for occurring in 
anticipated highest density areas for SRKW were eliminated from 
the survey design, including in almost all waters <100 m deep. 

Is anyone monitoring the coastlines to be sure there are not 
any marine mammals, sea turtles, marine birds, or fish washing 
ashore? If this occurs, you should immediately shut down your 
operations in that area. 

Although strandings are not anticipated from the proposed 
activities, there is an active stranding network in the survey area. In 
the event of any stranding resulting from the Proposed Action, 
operations would be immediately halted. Additionally, in the event 
of any live stranding (or near-shore atypical milling) event within 50 
km of the survey operations not a result of LDEO activities, LDEO 
would be advised of the need to implement shutdown procedures 
for all active acoustic sources operating within 50 km of the 
stranding. 

You state your operations will comply with all international, 
federal, and state laws and regulations. On your list of laws and 
agencies, I do not see the Ocean Resources Management Act 
(ORMA) of Washington state: RCW. 43.143. You need to be 
sure your operations comply with this law. 

Thank you for highlighting this requirement. NSF addressed 
compliance with ORMA as part of its compliance with the Coastal 
Zone Management Act. 
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Oregon Dept of Fish and Wildlife (ODFW) 

Recommendation: The EA should directly address the 
enhanced risk to gray whales presented by the survey’s cruise 
plan relative to Oregon’s coastline. 

ODFW noted particular concern about "...gray whales during their 
“Phase B” migration between April 1 and June 15, when mothers 
and calves are moving north through very shallow waters (generally 
within 800 m of shore) (Herzing and Mate 1984, Adams et al 2014)." 
There may be some overlap with survey operations and the end of 
the gray whale migration period off Oregon; however, all seismic 
lines would be >9.5 km from shore. To reduce potential impacts to 
migrating gray whale mother-calf pairs, the acoustic source would 
be shut down at any distance. In addition, survey operations in 
shallow waters, <100 m, were mostly eliminated off the coast of 
Oregon. 

Recommendation: We request that NSF provide ODFW with 
data after the cruise documenting the cruise track, 
ensonification levels, and Marine Mammal Observer data 
regarding all marine mammal encounters, to allow us to 
account for potential effects of the survey on our ongoing 
study. 

Once completed, the protected species observer (PSO) report 
prepared for the seismic survey, which would include the 
information requested, would be made publicly available on the 
NSF website.  NSF can provide ODFW a copy of the report as well. 

Recommendation: NSF should pursue the implementation of 
the analytical approach offered by Crone et al, in applying a 
streamer-based assessment of the ensonified area. These data 
should be provided to ODFW after the survey to allow 
assessment of the potentially affected areas and the 
development of future mitigation approaches. 

Thank you for this suggestion.  NSF has taken this recommendation 
under consideration. Unfortunately, it is not feasible in current 
circumstances to undertake an acoustic radiation study using a 
moored hydrophone array to better resolve the three-dimensional 
acoustic field generated by a seismic source in shallow water. NSF 
would, however, discuss with Crone et al the possibility of analyzing 
streamer data. At the present time, NSF does not have any research 
proposals to survey in the area in the foreseeable future. Survey 
data would be made available to the public, including ODFW, 
consistent with NSF's Data Policy. 
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Recommendation: Furthermore, NSF should direct some level 
of project funding associated with conducting marine acoustic 
surveys toward improving the assessment of shallow-water 
ensonification levels, as these surveys are repeated events and 
the need to accurately assess and mitigate shallow-water 
impacts is likely to grow. 

Thank you for the suggestion. NSF has taken this recommendation 
under advisement. 

Recommendation: The EA should rigorously address the 
potential for impacts to seafloor associated fish and 
invertebrates, including commercially important crustaceans 
and mollusks. One way it could do this would be by providing 
a table of total seafloor area expected to be ensonified at 
various intensities by depth stratum and substrate type. This 
would be analogous to the way total mitigation zone coverage 
is provided for marine mammals, but calculated for the 
acoustic energy arriving at the seafloor. 

The potential impacts on fish and invertebrates are discussed in 
Section 4.1.2; however, as noted there, many data gaps remain 
regarding the potential effects of seismic on fish and invertebrates. 
Total area expected to be ensonified by water depth is provided in 
Appendix B. 

NSF and Bureau of Ocean Energy Management (BOEM) have co-
funded a research proposal focused on (1) measuring particle 
motion and pressure from the seismic survey and (2) behavioral 
responses of important marine species: rockfishes (Sebastes spp.), 
Dungeness crab, and longnose skate. The study, to be carried out 
by researchers from Oregon State University, would occur 
concurrently with the seismic survey. 

Recommendation: Furthermore, NSF should direct some level NSF has funded research activities and scientific conferences 
of project funding associated with conducting marine acoustic related to improving the understanding the impacts of sound on 
surveys toward improving the understanding of impacts on marine species, including fish. In addition, NSF staff participate in 
fish and invertebrates in coastal waters. This research should interagency committees focused on making advances on this topic. 
include not only direct effects of high SPL, but also particle NSF and Bureau of Ocean Energy Management (BOEM) have co-
motion, which multiple researchers have identified as a likely funded a research proposal focused on (1) measuring particle 
important mechanism of effect on fish and invertebrates motion and pressure from the seismic survey and (2) behavioral 
(Hawkins and Popper 2017), especially in shallow water. responses of important marine species: rockfishes (Sebastes spp.), 

Dungeness crab, and longnose skate. The study, to be carried out 
by researchers from Oregon State University, would occur 
concurrently with the seismic survey. 
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Recommendation: NSF should resolve potential space use 
conflicts through communication lines already established 
(e.g. Oregon Sea Grant), modify its OBN deployment plan as 
necessary to avoid equipment loss, and act early and 
comprehensively to communicate the location of all OBSs and 
OBNs, as well as the anticipated dates/times of transit for each 
transect line. This communication responsibility extends to 
other ocean users, such as recreational or commercial SCUBA 
divers (e.g. red urchin harvesters). 

NSF has supported research activities in this region previously and 
has successfully managed space-use conflicts. While NSF 
anticipates limited space-use conflict with the fishing industry, the 
action proponents planned outreach efforts and coordinated with 
members of the fishing industry in advance of the proposed 
activities to help further reduce any potential space-use conflicts. 
For example, the PIs coordinated with and engaged with the 
commercial fishing community through participating in and 
presenting information at meetings such as the Oregon Fishermen’s 
Cable Committee (OFCC) and the Scientists and Fishermen 
Exchange (SAFE) Program through Oregon Sea Grant. The 
researchers prepared and plan to distribute digital maps of the 
proposed tracklines and OBS/OBN deployments to the fishing 
community to avoid conflicts. During operations, the vessels would 
communicate with other ocean users via Notice to Mariners and 
direct radio communications from the vessel. In addition, the vessel 
operators would notify identified Coastal Treaty Tribe points of 
contact 3 days in advance of entering Usual and Accustomed fishery 
areas. 

Recommendation: NSF should include in its EA an assessment 
of the predicted SEL (accumulated sound exposure level) for 
each of the Marine Reserves. We request that NSF provide 
ODFW with data after the cruise documenting the cruise track, 
ensonification levels, and SEL (modeled based on actual cruise 
data) for each of the Marine Reserves, to allow ODFW to 
interpret any potential seismic survey impacts observed by 
ODFW in the Reserves. 

Survey data would be made available to the public, including ODFW, 
consistent with NSF's Data Policy. Once completed, NSF can provide 
to ODFW the PSO report prepared for the seismic survey, which 
would include the actual survey tracklines.  

Recommendation: The EA should explicitly assess the risk of 
mortality for any fish or invertebrates in the Marine Reserves. 
If mortality risks are identified, the cruise plan should be 
modified to provide a sufficient spatial buffer to insure 
compliance with the no-take provisions. 

Mortality of fish and invertebrates in the Marine Reserves are not 
anticipated. Section 4.1.2 and 4.1.4 of the Draft EA focused on 
direct and indirect impacts on fish. The Draft EA noted that any 
injurious impacts on fish would only occur within a few meters of 
the airguns. All Marine Reserves are located at least 2 km from the 
seismic source. 
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Center for Biological Diversity 

As a preliminary matter, we ask for an extension of the public 
comment period for this draft EA. We just received notice of 
its existence and it has wide-ranging implications for many 
marine species, including several listed as threatened and 
endangered under the Endangered Species Act. 

The Draft EA was posted on the NSF website for a 30-day public 
comment period (Feb 7 thru Mar 7, 2020). CBD has commented on 
NSF activities in the past and is aware that NSF posts Draft EAs on 
its website for public comment. No other requests for an extension 
of the public comment period were received. For these reasons, an 
extension of the public comment period was determined to be 
unwarranted and NSF did not extend the public comment period. 

This EA does not use best available science for several species, 
including for Southern Resident killer whales (SRKW). There is 
an abundance of new data on the status and seasonal 
distribution of SRKW, threats to SRKW, and specifically the 
impacts of noise and cumulative impacts on SRKW that are 
omitted from discussion. 

NSF disagrees that the best available science was not used for the 
species analyzed in the Draft EA. NSF used data sources for 
abundance and distribution recommended in consultation with 
NMFS under the MMPA and ESA. In addition, NSF's contractors 
broadly reviewed published literature to prepare the Draft EA, and 
no recent literature on the effects of seismic sound on killer whales 
has been published. NSF has taken into consideration the recent 
publications noted by CBD; however, these do not change the 
outcome of the effects assessment. Other new papers on the 
effects of vessel noise on SRKW published after the Draft EA was 
issued have been taken into consideration in this Final EA. 

The 2011 PEIS and the EA for similar surveys conducted in 
June–July 2012 upon which this draft EA relies are woefully 
outdated. 

The 2011 PEIS provides a significant amount of information that is 
germane to the conduct of marine seismic research, including how 
they are typically conducted, descriptions of equipment and 
vessels, potential impacts, etc. In addition to the PEIS, NSF prepared 
a site-specific Draft EA for the Proposed Action, which tiers to the 
PEIS and an EA prepared in 2012 for a similar seismic survey 
conducted in the proposed survey area. The Draft EA includes 
information from publications issued since the issuance of PEIS in 
2011 and the 2012 EA. Therefore, NSF disagrees with CBD's 
conclusion that the documentation is outdated. 

This EA must separately and thoroughly examine the impacts 
of this project on the endangered SRKW. It is unacceptable to 
lump them in with all other stocks of killer whales and imply 
that as a whole they are abundant across the globe, while 

Although Southern Resident Killer Whales (SRKW) were discussed 
along with other killer whales in the Draft EA, Section 3.3.2.15, 
estimated takes for killer whales were considered proportionally for 
SRKW (Table 8, footnote #9). NMFS also parsed takes for SRKW in 
their analysis conducted under the MMPA and ESA (Appendix C). 
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disregarding the fact that this highly imperiled distinct 
population segment is down to just 72 animals. 

The SRKW population size was noted in Table 5. Southern Resident 
Killer Whale Critical Habitat was discussed in the Draft EA, Section 
3.2.1. 

This EA insufficiently considers the impacts of this project on 
SRKW and its designated and proposed expanded critical 
habitat (see attached Center for Biological Diversity comments 
on the proposed expansion rule). The EA does not describe the 
overlap of the transect lines to the proposed expanded critical 
habitat or the received noise levels within designated and 
proposed critical habitat. It also ignores new data on coastal 
distribution and abundance. 

Southern Resident Killer Whale Critical Habitat (SRKW CH), and the 
proposed expansion currently proposed by NMFS, was discussed in 
the Draft EA, Section 3.2.1.  Although the proposed SRKW CH is not 
yet in effect, NSF was aware of the sensitivities associated with 
SRKW and took that into consideration during the survey design. 
Further NSF consulted with NMFS on the Proposed Action per the 
MMPA and ESA, and NMFS took the proposed SRKW CH into 
consideration when evaluating the project. The Draft EA assessed 
the potential impacts of the Proposed Action in the entire survey 
area and therefore covered the area under consideration by NMFS' 
proposed expansion of the SRKW critical habitat. 

No survey transects are planned in existing critical habitat in the 
U.S. or Canada, and critical habitat would not be ensonified to levels 
>160 dB. However, some survey transects are expected to enter 
proposed critical habitat. NSF has taken into consideration the 
recent publications noted by CBD; however, this does not change 
the outcome of the effects assessment. 

We urge you to include more information about the impacts 
of this project on SRKW and SRKW critical habitat in Canada. 
The EA only notes that two of the survey transects go right 
through critical habitat for SRKWs (Swiftsure Bank and La 
Perouse Bank). This is a potentially significant impact given 
that SRKWs are spending less time inshore and more time in 
those areas. This project and this species (and threats to its 
continued existence) are transboundary and must be assessed 
as such in a coordinated fashion. To conclude “most sightings 
within the critical habitat off southwestern Vancouver Island 
have occurred closer to shore than the proposed seismic 
transects” is not sufficient. 

Thank you for noting these concerns. The proposed survey lines 
(and any potential Level B ensonified area) within SRKW CH 
designated by Canada were eliminated from the Proposed Action. 
NSF used SRKW data sources recommended in consultation with 
NMFS under the MMPA and ESA. In addition, NSF's contractors 
broadly reviewed published literature to prepare the Draft EA. 
LDEO submitted a Request for Review pursuant to the Canadian 
Fisheries Act to the Department of Fisheries and Oceans Canada for 
species under their jurisdiction and will comply with the 
requirements issued when operating within the Canadian EEZ. 
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Appendix E 

The EA must describe expected received noise levels for SRKW Potential effects of the Proposed Action are described in Chapter IV 
and other species and their critical habitat with specificity. of the Draft EA, which included analysis of impacts from received 

noise levels based on predicted sound propagation also described 
in Chapter II. In addition, during consultation with NMFS per the 
MMPA and ESA, NSF analyzed empirical data from a similar survey 
conducted in 2012 in or near the proposed survey area. Based on 
this analysis source propagation distances were updated and 
revised in the Final EA (See Section 2.1.3.1, Table 1 and 2; and, 
Appendix A). 

The EA does not describe or defend its Level A and Level B 
estimates sufficiently in Table B-2 and its appendices. For 
example how did it arrive at the footnote for killer whales 
committing to only taking 8 SRKW by Level B harassment? How 
does it assume only 4 leatherback sea turtles taken by Level B 
harassment? 

The methods for determining Level A and Level B are detailed in 
Section 4.1.1.5 of the EA and followed the guidelines set forth by 
NMFS. The number of takes were calculated based on the expected 
density of a species and the area expected to be ensonified. The 
methods used by NSF to determine the number of takes for various 
stocks of killer whales, including SRKW, are described in Appendix 
B. The methods used by NMFS are described in Appendix C. 

The EA must analyze alternate times for conducting this survey During seismic surveys, factors such as Beaufort sea state can 
and other mitigation measures and alternatives to avoid and impact the quality of data collected. The proposed survey 
minimize impacts to SRKW and other species. It must take into timeframe is optimized as operations would occur during a 
account their seasonal distribution and essential behaviors. timeframe when sea state conditions are generally best for seismic 

survey data collection. Collecting low quality data would not meet 
the Purpose and Need of the Proposed Action and would result in 
the need for re-surveying the area. Therefore, conducting the 
survey at alternative times is not a viable Action Alternative for the 
Proposed Action. NSF did consult with NMFS and FWS per the ESA 
and MMPA to consider ways to reduce any potential impacts to 
SRKW and other species, including taking into consideration 
seasonal distribution and behaviors. Additional monitoring and 
mitigation measures were taken into consideration. Final 
monitoring and mitigation measures that would be followed 
(including measures adjusted or added beyond those originally 
proposed) are noted in Section 2.1.3. 
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Appendix E 

The EA must actually describe the direct, indirect, and The Draft EA also tiers to the PEIS which describes potential impacts 
cumulative impacts of this project on the impacted marine from marine geophysical research on sea turtles in section 3.4.1. 
species. It describes the project, it describes the species, but it General distribution of sea turtles off B.C. and just south of the 
fails to connect the two with any meaningful analysis. For survey area off California are discussed in Sections 3.4.3.2 and 
example, the EA notes the survey will take 4 leatherback sea 3.4.2.3 of the PEIS, respectively. The Draft EA also tiers to the 2012 
turtles and be conducted within its designated critical habitat EA. We believe direct, indirect, and cumulative impacts from the 
where they “could be encountered” and would likely be Proposed Action are thoroughly considered when taking the Draft 
“adversely affected.” That is the extent of the EA’s inquiry for EA, the 2012 EA, and the PEIS into consideration. 
this highly endangered species. This cursory analysis is not the 
“hard look” required by the National Environmental Policy 
Act. 
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Il\iTRODUCTIO="i 

This docmnent transmits the U.S. fish and Wildlife Service's (USFWS or Service) biological 
opinion (_BiOp or opinion) addre.ssing the consequences of National Science Foundation (NSF) 
funding of proposed high-energy (seismic) marine geophysical surveys on the threatened marbled 
murrelet (Brachyramphw; marmoraiJJs). Critical habitat for the maibled murrelet occurs adjacent 
to the study area, but this habitat is strictly tenestri.al and is not likely to be affected by the 
proposed activities. In addition. due to changes in the proposed ac.ti.on that occurred subsequent to 
initiation -of formal consultation, we have detennined that the proposed action may affect, but is 
not likely to adverse]y affect, the threatened bull trout (Salvelinus conflueniJJs) and its designated 
critical habitat; see Appendix A for the analysis supporting these determinations. This opinion was 
prepared in accordance with fue requirements of section 7 of the Endangered Species Act of 1973, 
as amended (ESA; 16 U.S.C. ]531 et seq.). Your reques1 for consultation was received on 
November 22, 2019. 

Consultation History· 

On )fovembe,r 22, 2019, we rec.eived a request for consultation from NSF on their propor.ed 
funding ofa marine geophysical smvey by the RN Marc-us G. L.angseth (RIV Langseth or 
Langseth) of the Cascadia Subduction Zone in the Northeast Pacific Ocean during late 
spring/summer of 2020. 

On December 4, 2019, per our request, \Ve received an observation report from NSF on a prior 
marine geophysical sUIVe}' conducted iby the RIV Langseth of the Axial Seamounl 

On January 9, 2020, NSF provided clarification o:n proposed vessel operations, lighting, and an 
associated obseivec program to as_;;ist in documenting potential seabird interactions with fue 
vessels associated with the project. 

On Febmary 19, 2020, an intengency teleconference was convened to discuss and clarify aspects 
of the proposed action and to identif}• information needs for completing the consultation. 

On ~arch 13, 2020, the Service received additional analyses regarding the potential exposure of 
marbled murrelets to unden,ater soWJd caused by the proposed project. 

On April 6, 2020, the Senric.e :requested a revised proposed ac.tion description to accollllt for the 
various measures inoo1porated to address the se.a otter (Enhydra lutJu kenyom) and NlvffS 
jurisdictional species. 

On Jun.e 5, 2020, the Service received information from NSF indi.c-ating the propos-ed ac.tion was 
being delayed until the spring/summer of2021. At that time, the NSF req11ested the Servic.e fo 
continue working to complete the consultation as soon as possible. 

On June 12, 2020, the Service received additional information from NSF regarding project-caused 
lDldenvater sound levels and a :re\-ised track line map. 

On Febmary 26, 202 1, the Savice met witib. NSF to discuss a completion date for the biological 
opinion. At that time, the Service committed to NSF that we would endeavor to complete this 
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opinion by April 20, 2021-

On 1farch 10 and 11 , 2021 , the Se,rvice re-ceived responses to our request for NSF review of the 
draft proposed action description prepared for this biologi.cal opinion. The NSF responses 
contained a mmiber of suggested edits and clari.tkations. 

On.11:arch 16, 2021, tb.e Senrice received NSF revisions to lheir March 13, 2020, effeds analysis 
for the marbled murrelet due to NSF changes in the proposed action. 

BIOLOGICAL OPMOl'i 

Desr1iption of the Propo~ed Action 

The proposed activities will be conducted in the spring and summer of 2021. Surveys are e;,,,.-peded 
to include approximately 3 7 days -of seismic operations, 2 days. of equipment deployment/retrieval, 
and 1 day of transit. Surveys are proposed to occur within th.e EEZ of the U.S. and Canada. 
ranging in water depths from 60 to 4,400 m located at-42-S1° )I, ~124-1300 W. The surveys 
include several strike tines, parallel (including one continuous line along the continental shelO and 
peipendirnlar to the coasl Tihe margin perpendicular lines would ,extend approximately SO km 
seaward of tb.e deformation front and lanchvard of the deformation front to as dose to the shoreline 
as authorized. Most of the smvey (69 percent) \vould occur in deep water (>1000 m), 2& percent 
would occur in intermediate water (10~1000 m deep), and 3 percent would take place m. shallow 
water < 100 m deep. Representative smvey track line~-ar;e shown in figure l and Figure 2. 
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Figure 1. location of the proposed seismic sur,;eys m the ~ortheast Pacific Ocean and 
consen·ation areas near the proposed survey location ~SF 2019. pg. 3. as updated 5.l -t:20). 
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Figure 2. Location of the proposed se1sD11c survey. KSF transects (red) conservation areas 
(yellow buffers at 9 .5 km and 12 .5 km) arotmd portions of the transects that are in waters less 
than 1000 m deep. Tb.e blue depth contours are 25. 40. 100. and 1000 m near the proposed 
survey location r.,isF 2019. pg. 3. as updated 5.14.20). 

Some de1.iation in actual track lines. including the order of survey operations. may be necessary 
for reasons such as poor data qualuy. inclemeru weather, or mecb.an.ical issues with che research 
vessel and/or equipment. For these reasons, fh.e track lines could occur anyv,,here within the 
coordinates noted above. A manmmn of6.540 km of transect lines would be surveyed. 
Appro:mnately 3.6 percent of the transect tines Q34 km) would be located m Canadian terntonaJ 
waters. 

The Sl.ln'eys mvoh--e one source \·essel, RN Langseth. which is owned by the )lSF and operated on 
its behalf by the Lamont-Doherty Earth Obser\latory (1-DEO), that would leave and rerum to pon 
m .Astoria. Oregon. The RN Langseth \1,ould deploy an array of 36 airguns as an energy source 
with a total volume of approximately 6.600 in1 at a depth of 12 merers and a shot inter.·al of 3 7.5 
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m. The 36-airgi.m array could operate 24 hours a day, except dwing mitigation shutdowns, for the 
entirety of the 3 7 days of smvey. The vessel speed during seismic operations would be 
approximately 4.2 knots (~7 .8 km/hour) during the survey. The receiving system would consist of 
one 15-kilom.eter (Ian) long hydrophone streamer, OBSs, and OBNs. The RIV Oceanus, which is 
owned by NSF and operated by Oregon State University, would be used to deploy the OBSs and 
OB~s. Tue RN Oceanus would le.ave and return to port in Newport, Oregon. As the airguns are 
towed along the SlllVey lines, the hydrophone streamer would transfer the data to an on-board 
processing system, and the OBSs and OB~s would receive and store the returning ac.oustic signals 
intemall~, for later analysis. 

Approximately 17 days prior to the seismic survey, the RIV Ocea1111s would deploy short-pe,riod 
multi-component OBSs and a large-N array of OBNs to record shots along approximately 10 
margin-peipendioularprofiles. OBSs would be deployed within the proposed smvey area between 
5 nm and l 00 nm from the coast, and at a 10-km spacing along approximaleJy 10 pro files from 
Vancouver Island to Oregon in water depths ranging from 60 to 3,100 m. Two OBS depioy'Dlents 
would oocur with a total of 115 instrumented locations. One deployment consisting of 
approximately 60 OBSs would be implemented to instrument six profiles off the Oregon coast, and 
a second deployment consisting of about 55 OBS,; would be implemented to inslrnm.ent three 
profiles off the coasts of Washington and Vancouver IsJand. The first deployment off the Oregon 
coast would occmprior to the start of the proposed survey, after which the R/ V Langseth would 
acquire dala in the southern. iPOrtion of the study area. Then 55 of those OBSs would be recovered 
by the RN Ocemms and re-deployed offfue Washington coast and Vancouver Island, so that the 
RN La11gseth can acquire data in the northem portion of the survey area. The OBSs have a height 
and diameler of approximately 1 m and an approximately SO-kilogram (kg) anchor. To retrieve fue 
OBSs, an acoustic rel.ease transponder (pinger) is used to ''interrogate" the instrument at a 
freque.ncy of 8- 11 kHz, and a response is received at a frequency of 115 - 13 kHz. Tb.e bum-wire 
release assembly is then acti\rated, and the instrument is released to float to the surface from the 
anchor, which is not retrieved. 

Und.er the proposed action, a total of 350 independent OBNs spaced 500-m apart would be 
deployed at 179 nodes along one transect off northern Oregon (22 to 71 nm from the c-0as1 at 
depths of128 to 2210 m), at 107 node:s along a second transect off central Oregon (30 to 60 nm 
from the coast at depths of293 to 2925 m), and at 64 nodes along a third transect off southern 
Oregon (9 to 26 nm from the coast at depths of 49 5 to 2 73] m). The OB~ s are not collllected to 
each other, and there are no cabl.e-s attached to them. Each OB~ ha~ internal batteries , and all data 
are recorded and stored intemaJly. Ea.ch OBN weighs 21 kg in air (9 .5 kg in water). As the OBNs 
are small (330 millimeters (mm) x 289 mm x 115 mm] compact, not buoyant, and lacl: an anchor
release mechanism, they cannot be deployed/recovered by free-fall a~ with the OBSs. The nodes 
would be deployed and retrieved using a remotely operated vehicle (ROV); the ROV would be 
deployed from the RN Oceanus. The ROV would be fitted with a slid with capacity for 32 units, 
lowered to th.e seafloor, and towed at a speed of 0. 6 knots at 5 to 10 m above the seafloor betw~ 
deployment sites. After the 32 uni ts are deployed, the ROV would be retrieved, lhe skid would be 
reloaded with another 32 units, and sent ba.ok to the seatloor for deployment, and so on. The ROV 
would recover the nodes .3 days after the completion of the RN Langseth cnrise. The nodes would 
be recovered one by one by a suction mechanism. 

l.ong 15-km-offset MCS data would be acquired along numerous 2-D profiles oriented 
peipendicular to the margin and located to provide covernge in areas inferred to be ruprure patches 
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during past earthquakes and th.eir boundaIJ' zones. The survey would also include several strike 
lines including one continuous line along the c-0ntinentaJ shelf centered roughly O\'eT gravity
inferred fore-arc basins to investigate possible segmentation near the down-dip limit of the 
seismogenic zone, The margin normal lines would e.tjend-50 km se.award of the deformation 
front lo image the region of subduction bend faulting in the incoming oceanic plate, and landward 
of the deformation front to as close to the shoreline as authorized. It is proposed that the southern 
lransects off Oregon be ac.quired firs!, followed by the profiles off Washington and VancouveI 
Island, Brifuh Columbia. 

In addition to the operations oflhe airgun array, a multibeam echosmmder ~ES), a sub-bottom 
profiler (SBP), and an Acoustic Doppler Current Profiler (ADCP) would be operated from RIV 
Langseth continuously during the seismic surveys, but not during transit to and from the SUIVey 
area. The RN Oceanus would operate a single-beam dual-frequency echosmmder (4 and 12 kHz) 
andanADCP. 

The ocean floor would be mapped with the Kongsberg EM 122 MBES. The Kongsberg EM 122 
MBES operates at 10.5- 13 kHz and is hull-mounted on the RIV La11gselh. The maximum source 
level is 242 dB re 1 µPa·nns. Each ping consists of eight (w water >3,2Sl ft (1.000 ml deep) or 
four ( <3 ,281 ft [1,000 mD successive fan-shaped lr.msmissions, each ensonifying a sector that 
extends 1 ° fore-aft. Con.tinuous.-wave signals increa~e from 2 to 15 ms long in water depths up to 
8,530 ft (2,600 m). an.d FM chirp signals up lo 100 ms long are used in water >8,530 ft (2.600 m) 
in depth. The successive transmissions span an O\•e.rall cross-track angular ex'lent of about 150°, 
with 2-ms gaps between the pings for successive sectors. 

The ocean floor would also be mapped with th.e Knudsen 3260SBP whic.h transmits a beam as a 
27° cone directed downward by a 3.5-kHz transducer in the hull of the FJV Lmtgleth. The 
nominal power output is 10 kilowatts {k V.l), but the actual maximum radiated power is 3 kW or 
222 dB re l µPa-m. The ping duration is up lo 64 ms, and the ping interval is 1 s. A common 
mode of operation is to broadc.ast five pulses at 1-s intervals followed by a 5.-s pause. 

An ADCP would be use.d. lo calculate speed of the water current, direction of the current, and the 
depth in the water column of the current. The ADCP would transmit frequencies at 35-1,200 kHz.. 

All planned geophysical data acquisition acti\iities would be conducted by L-DEO with on-board 
assistance by lhe scientists who have proposed the studies. The ve.ssel would be self-contained, 
and the crew would live aboard the vessel. 

Consen 'aiion Measures 

Several important measures intended to avoid or minimize the likelihood or extent of adverse 
impacts to listed species and critical habitat have been incorporated into the design oflhe project. 
NSF has stated that !he following mitigation measures will be implemented to avoid or minimize 
adverse effects on marbled mUJTelets or other listed seabirds encounte1ed during the proposed 
activities: 

• Monitoring by Protected Species Observers (PSOs) for ESA-listed se.abirds diving near the 
vessel. 

• Passive acoustic mon.itoring (PAM). 

Appendix F 

Final Environmental Assessment/Analysis for L-DEO Cascadia Subduction Zone, 2021 F-12 



 

     

11 
• PSO data and documentation. 
• Mitigation during operations (speed or course altention; power-down, shut~down, and rll!Dlp-up 

procedures; and special mitigation measures for rare species, species concentrations, and 
sensi fa,e ha bi tats). 

• Five independently contracted PSOs would be on board the survey vessel with rotating shifts lo 
allow two observers to monito1 for marine species during daylight homs, and one observer to 
conduct PAM dw:ing day- and night-time seismic operations. In areas where a support vessel 
would be used, PSOs on board would also monitor for ESA-listed seabirds. 

A minimum of one independently contracted PSO would monitor during daylight operational 
hours for marine species, including ESA-listed seabirds; and two obsen;ers 30 min before and 
during ramp ups during the day and night. In the event an ESA-listed. seabird was obsen;ed diving 
or foraging within the designated Exclusion Zone (EZ), the seismic airgi.ms ramp-up would be 
delayed and, if alre.ady operational, would be powered down to a single airgun (so that the seabird 
remained. outside of the EZ of the full array) or shutdown, as appropriate. PSOs would train bridge 
crew to identify ESA-listed seabirds; during nighttime homs. bridge crew would monitor for any 
ESA-listed seabirds around the survey vessel, and mitigation measures (e.g., power 
do\.,,is/shutdowns) would be implemented as necessary. In addition, in area; where a support 
vessel would be used, PSOs on board would also monitor for ESA-listed. seabirds and alert R/V 
Langseth PSOs if any are observed. 

Deck lighting on the FJV Langserh and the RIV Oceanus and its ROV, when deployed, is al~o 
downward pointing. Curtains/shades are used on cabin windows at night. The fact that the 
airguns. as a result of their design, direct the majority of the energy downward, and less energy 
laterally, is also an inherent mitigation me.asure. ~ote: the Proposed Action would not involve the 
intentional hazing of federally listed species which would require a separate permit and formal 
consultation. 

Orher Relevant Measures 

To reduce the potential for disturbance from acoustic stimuli associated with the activities, L-DEO 
has proposed to implement mitigation measures for marine specie,s which would also benefit ESA
listed seabirds. As noted above, measures that would be adopted during the planned stuveys 
include (1) minced sUIVey track.tines in areas of highest sea otter densities and Southern Resident 
Killer Whale critical habitat; (2) operational restrictions; and (3) additional vessel-based visual 
mitigation monitoring from a support vessel. 

Red.uc.ed Survey Transects and Operational Restrictions 

Since the initial consultation package was submitted to the FWS, the distance. of proposed 
activities behveen the coastline and the proposed. tracklines and associated. ensonified areas have 
significantly increased. These changes are summarized as follows: 

• Proposed track lines were eliminated off the coast of Washington in water deplhs <100 m. 
• Between Tillamook, OR and Barkley Sound, Canada, in water depths between 100 and 200 m 

water depths, survey activities would be as follows: 
• Restricted to daylight operations (i.e., from 30 minutes prior to sunrise through 30 

minutes following stmset) to ensure that PSOs are able to visually observe the entire 
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500-m EZ and beyond to implement shutdown procedmes. 

• The ensonified areas (the Level B 160dB zone) of proposed trackhnes would 
remain outside of l OOm water depths. 

• A support vessel would sail 5 km in advance of the FJV Langseth carrying 2 
additional PSOs; the additional PSOs would observe, track and communicate 
relevant marine species presence, including any ESA-listed species, to PSOs on the 
FJV Langseth, alerting them of the potential need lo impleme,nt shutdown 
mitigation mear.ures. 

• Most track]ines were eliminated off the coast of Oregon in water depths <100 m. A few 
proposed lracklines remain in water depths <100 m along one section oftbe coast of Oregon 
due to a larger proln1sion of shallow water topography in this are.11. 

• Proposed trad:lines were removed from Southern Resident Killer Whale Critical Habitat 
established iby Canada. 

• Within the waters offshore of Washington between fatoosh Island and the Quillayute River 
mouth, survey transects mu~t remain 21 km from shore or seaward of the l 00 m isobath, 
whichever is greater. Survey transects must remain seaward of the 100 m isobath between the 
mouths ,oftb.e Quillayute Rive.rand Grays Harbor. 

• Ifpo!:.sible, while the FJV Langserh i!:. surveying in wateJS 1,000 m deep or less off the coast of 
Washington, survey operations will occur in daylight hours only (t.e., from 30 minutes prior to 
sunrise through 30 minutes following sunset) to ensure that PSOs are able to visually observe 
the entire 500-m. EZ and beyond to implement po\\·er/shutdown procedures. 

Establislnnent of Exclusion Zone~ 

If a maibled murrelet is observed within or enters the 500-m EZ, the acoustic source would be 
powered down or shut down, if necessa1y. A power down would occur if the maroled mun el et 
wexe to dive and/or forage within the 500-m EZ, and a shutdow-n would occur if the marbled 
murreiet were to dive/forage v.ith.in l 00-m of tbe single airgun used during power downs. 

The 500-m EZ is intended to be precautionary in the sense that it is designed to minimize impacts 
to marine species. Although significantly greater distances may be observed .from an elevated 
platform 1mder good conditions, we believe that 500 m is likely regularly attainable for visual 
monitors using the naked eye during t}pical conditions. 

Vessel-Based Visual Miti1ration Monitorine 

Visual monitoring requires the use of trained ,observers (herein referred to as "visual PSOsj to 
scan the ocean surface visually for the presence of listed species, including diving/foraging ESA
liste<I seabirds. The effective area to ibe scalllled for seabirds visually includes primarily the EZ. 
Visual monitoring of the iEZ and adjacent waters i.s intende<I to establish and maintain zones 
arotmd the s01md sourc.e that are clear oflisted species that can be visually observed in this 
manner, thereby reducing or eliminating the potential for injmy and minimizing the potential for 
more seve.re consequenoes for animals occurring dose to the vessel. 

The ~DEO must me dedicated, lrained, Service-approve<! PSOs. The PSOs must have no tasks 
other than to conduct observational effort, record observational data, and communicate with and 
instruct relevant vessel crew with regard to the presence of listed species and mitigation 
requirements" PSO resumes shall be iProvided to the Service for approval. 
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At least one of the visual PS Os aboard the vessel must have a minimum ,of 90 days at-sea 
experience working in the above-descn'bed roles, respectively, during a deep penetration (i.e., 
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"nigh energy") seismic survey, with no more than 18 months elapsed sinoe the conclusion of the 
at-sea experience. One visual PSO with such experience shall be designated as the lead for the 
entire protected species obsezvation team. The lead PSO shall serve as primary point of contact for 
the vessel operator and ensure all PSO requirements per the conservation measures are met. To the 
maximum e1-ient practicable, the experienced PSOs should be scheduled to be on duty with those 
PSOs with appropriate training but who have not yet gained relevant e.-q,erienoe. 

Dwiug survey operations (e.g., any day on which use of the acoustic source is planned to occur, 
and whenever the acoustic r.ourc.e is in the water, whether activated or not), a minimum of two 
visual. PSOs must be on duty and condtwting visual obsavations at all times during daylight hours 
(Le., from 30 minutes prior to sunrise through 30 minutes following sunset). Visual monitoring of 
the EZ must begin no less tlian 30 minute:s prior to ramp-up and must continue until one hour after 
use of the acoustic source ceases or until 30 minutes past sunset. Visual PS Os shall coordinate to 
ensure 360° visual coverage around the vessel from the most appropriate obsenration posts and 
shall conduct visual obsenrations using binoculars and the naked eye while free from distractions 
and in a consistent, systematic, and diligent manner. 

PS Os shall establish and monitor the EZ for marbled murrelet and any other ESA-listed seabirds 
that may be present (e.g., the short-tailed albatross or the Hawaiian petrel). The EZ shail be based 
upon the radial distance from the edges of the acoustic r.ource (ralher than being based on the 
center of the array or around the vessel itself). 

Visual PSOs will immediately commuuic.ate all observations to the on-duty acoustic PSO(s), 
including any determination by the PSO regarding species identification, distance, and bearing and 
the degr~ of confidence in the determination. Any obsenrations of listed species by crew 
members shall be relayed to the PSO team. During good conditions, visual PSOs shall conduct 
observ.ations when the acoustic source is not operating for comparison •Of sighting rates and 
behavior \..-ith and with.out use of the acoustic source and behveeu acquisition periods, to the 
ma.-.::imum extent practicable. 

Visual PSOs may be on watch for a ma.~um of four consecutive hours followed by a break of at 
I.east one hourbetwee:n watches and may conduct a ma.'{i.mum of 12 hours of observation per 24-
hour period. 

Pre-dearanc.e and Ramp-up 

Rarnp-up (sometimes referred to as a "soft start") m.e.ans tlie gradual and systematic incre.ase of 
emitted sound l.evels from an airgun array. Ramp-up begins by first activating a single airg,.m of 
the smallest volume, followed by doubling the number of acti\'e elements in stages until the full 
c.omplement of an array' s airguns are active. Each stage should be approximately the same 
duration, and tlie total duration should not be less than approximately 20 minutes. The intent of 
pre-clearance observation (30 minutes) is to ensure that no ESA-listed seabirds are observed 
diving/foraging within the EZ prior to the beginning of ramp-up. The ramp-up is expected to have 
the effect of warning listed species of pending seismic operations and to allow sufficient lime for 
those animals to leave the immediate vicinity. A ramp-up procedure, involving a stepwise increase 
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in the mimber of airguns firing and total array volume until all operaliona] anguns are activated 
and the full volwue is achie•11ed, is required at all times as part of the activation of the acoustic 
source. All operators must adhere to the following pre-clearance and ramp-up requirements as 
follows: 

• The operator must notify a designated PSO of the planned start oframp~up as agreed upon with 
the led PSO; th.e notification time should not be less than 60 minutes p.rior to th.e planned 
ramp-up m order to allow the PSOs time to monitor the exclusion and buffor zones for 30 
minutes pri.or to the initiation of ramp-up procedmes during the pre-cle.arnnce period. 

• Ramp-up procedures shall be scheduled so as to minimize the time spent with the souroe 
activated prior to reaching the designated run-in. 

• One of th.e PSOs conducting pre-clearance obsen;ations must be notified again immediately 
prior to initiating ram1H1p proce,d1.rres, and th.e operator must receive confirmation from the 
PSO to proceed. 

• Ramp-up procedures will not be initiated if any ESA-listed seabird is observed diving/foraging 
within fue applicable EZ. If a listed specie.:s is observed diving/foraging within the applicable 
EZ dwing the JO-minute pre-de.arance period., rnmp-up procedures may not begin until the 
a:nimal(s) has been observed ,exiting the zones or until an additional 15-minute time period has 
elapsed with no further sightings of listed species. 

• Ramp-up procedures shall. begin by activating a single airgun with the lowest volume in the 
array and shall continue in stages by doubling the number of active airguns at the 
commenc~ent of each stage, with each stage of approximately fue same duration. The 
duration of each stage shall not be less than 20 minutes. The operator must provide 
information to the PSO documenting that appropriate ramp-up procedures we.e followed. 

• Visual PSOs must monitor the EZ during ramp-up procedures. Ramp-up procedures must 
cease, and the source must be shut dov.n if an ES A-listed se.abird is obsen;ed within the 
applicable EZ. 

• Ramp-up procedures may occur at times of poor \risibility if appropriate visual monitoring has 
occurred with no detections ofJisted species in the 30 minutes prior to initiating ramp-up 
procedures. Acoustic source activation may only oc.cur at times o.fpoor visibility where 
ope.rational planning cannot :reasonab]y avoid such circmnstances. 

• If the acoustic <,;ource is shut down for brief periods (i.e,, less than 30 minutes) for re.asons 
other fuan fuat described for shutdown (e.g., mechanical difficulty), it may be acti\•ated again 
without ramp-up if PSOs have maintained constant visual and/or acoustic observation and no 
\/isual or acoustic detections of listed species have occurred within the applie.able EZ. For any 
longer shutdm\'11, pre-clearance obseivations and ramp-up procedures are required. For any 
shutdown at night or in periods of poor visibili ty (e.g., BSS 4 or greater), initiation oframp~up 
procedures is required, but if the shutdown period was brief and constant visual observation 
was maintained and no ESA-liste<l species were detected, a pre-clearance period of 30 minutes 
is not required. 

• Testing of the acoustic source involving all associated components requires initiation of ram.p
up procedures. Testing ]imited to individua] sourc.e components or string.-; does not require 
initiation oframp-up p:rooedures but does Fequi.re a pre-clearance observation period of30 
minutes. 

Shutdown 

The shutdown of an airgun array :requires the immediate de-activation ,of all individual airgtm 
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components of the array. The PSO on duty will ihm·e th.e authority to delay the start ,of survey 
,operations or to call for shutdo\1,·n of the acoustic source ifan ESA-listed seabird is detected 
diving/foragjng within the EZ. The operator must also e.stabli.sh and maintain clear line.s of 
commmrication directly between on-<l.uty PSOs md crew controlling the acoustic souroe to ensure 
that shutdown commands are conve}•ed swiftly while allowing PSOs to maintain watch. When the 
airgun array is active (i.e., anytime one or more airgnns are active., including during ramp-up 
procedures) and an iESA-listed seabird is observed diving/foraging within the EZ, the acoustic 
source will be powered down and shut down, if necessary. 'When power downs and shutdowns are 
called for by a PSO, the acoustic source will be immediateliy reduced or deactivated, and any 
dispute resolved only after implementation o-f the mitigation measure. 

Following a shutdown, airgun activity will not resume until the iESA-listed se.abird has been 
visually obsen;ed exiting Ute area within the 500-m radius !EZ or it has not been seen within the 
500-m radius EZ for 15 minutes. 

Proposed Monitoring and Reporting 

Vessel-Based Visual Monitoring 

As descn"bed above, iPSO observations will occur during daytime airgun ope.rations. During 
seismic operations, at least five visual PSOs would be based aboard tihe PJV Langse1J1. Monitoring 
shall be conducted in accordance with the following requirements: 

• The operator shall provide PSOs with bigeye binoculars (e .g., 25 x 150; 2.7 view angle; 
individual ocular focus ; height contro]) o-f appropriate quality (e.g.~ Fujinon or equivalent) 
solely for PSO me. The binocul.a.rs shall be pedestal-mounted on the deck at the most 
appropriate vantage point that provides for optimal listed species observation, PSO safety, and 
safe operation of the ve.ssel . 

• The operator will \Vork with the selected third-party observer provider to ensure that PSOs 
have all equipment (including backup equipment) needed to adequate.Ly perform nec-.essaiy 
tasks, indu~ accurate determination of distance and bearing to ob:sec1ved animals. 

PS-0:s must meet the following requirements and qualifications: 

• PSOs shall ibe independent, dedicated, trained visual PSOs and must be employed by a third
party observer provider. 

• PSOs shall have no tasks other than to collect observational data and communicate ,.,·ith and 
instruct relevant vessel crew members witib. regard to the presence of protected species and 
mitigation requirements (including brief alem regarding maritime hazards). 

• PSOs shall ha\~e successfully completed an approved PSO training course appropriate for their 
designated task (visual observations). 

• Th.e Seri.rice must review and approve PSO resumes accompanied by a relevant training coUISe 
information packet that includes the name and qualifications (i.e., experience, training 
compl.eted, or educatioual backgro1md) o•f the instructor(s), the course outline or syllabus, and 
coUl'Se reference material as well as a document verifying successful completion of the cou:rs.e. 

• The Seri.rice shall have one week to approve PSOs from the time the above information is 
submitted. after which PSOs meeting minimum requirements shall be considered ap;proved. 

• PSOs mus1 successfnUy complete relevant training, inducting completion of all required 
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coursework and pas-5ing (80 percent or greater) 31 , ... Ti.tten and/or oraE e.xamination developed for 
the training program.. 

• PSOs must harve :successflillly attained a bachelor' s degree from an accredited coUege or 
lmiversity with a major in one of the natural sciences, a minimum of 30 seme.ster hours or 
equivalent in biological scienees, and at leas1 one imdergraduate course in math or statistics. 

• The educational requirements may be waived if the PSO has acquired the r,elevain.t skills 
through ahemate experience. Requests for such a ·waiver shall be submitted to the Service and 
must include ,,;Titte:n justification. Requests shall be granted or denied (with justification) by 
the Seniice within one ·week ofreceipt of submitted infonnati.on. Altem ate e.xperience that 
may be considered includes, but is not limited to (1) secondary education and/or experieaoe 
comparable to PSO dutie$; (2) pre,iious work experience conducting academic, commercial, or 
government-sponsored protected species surveys; or (3) pre·vious work experience as a PSO; 
the PSO should demonstrate go.ad standing and consistentlly good performance of PSO duties. 

iFor data c.ollection purposes, PSOs shall use standardized data c.ollection forms, ,vh.e.the.r hard copy 
or electronic. PSOs shall record detailed i.nformation about any implementation of mitigation 
requirements, including the distance of hsted :species to the ac.oustic source and description of 
specific actions that ensued, the behniior of the mimai(s), .any observed changes in behavior 
before and after implementation of mitigation, and if shutd.own ,vas implemented, and tbe length 
of time before any subsequent ramp-up of the acoustic source. If required mitigation ,vas not 
implemented, PSOs shall n~cord a description of the circumstances. At a mini.mum., the follo,,;ing 
information must be recorded: 

• Vessel name(s) (source \/essel and other vessels associated with the seismic smvey) and cal!l 
signs. 

• PSO .naimes and affiliations. 
• Dates of departures 3illd retnms to port with the port name. 
• Date and participants of PSO briefings. 
• Dates and times (Greenwich Mean Time) ofsunrey effort and times corresponding ·with PSO 

effort. 
• Ves-sel location Oa.t~tudellongitude) when SUI\'e)' effort began and ended and vessel location at 

beginning and end of visual PSO duty shifts. 
• Ves-sel heading and speed at beginning and end ofvi.suilll PSO duty shifts and upon any line 

change. 
• Environmental conditions during the visual survey period (Le., at the start and finish of the 

PSO shift and whenever emiirnnmental conditions have changed significantly), including BSS 
and any 0th.er relevfill.t weather conditions including cloud cover, fog, slm gfare, and o'Verall 
visibility to the horizon. 

• Factors that may have contributed to impaired observations during each PSO shift change or as 
needed as e.nvi~onm.ental conditions changed (e.g., vessel traffic, equipment malftmctions). 
Survey acthiity information, such as acoustic souroe iPOWer omput while in operation, number 
and vohlme ofairgun..:s operating in the array, tow de.pth. ofth.e array, and any 0th.er notes of 
operational signmcanc.,e (e.g., timing ofpre~clea.rance activities, ramp-up procedmes, 
shutdown, testing, shooting, ramp-up completion, end of ope.rations, use of stre.amers, etc.). 

The follo\-ving information shall be recorded upon visual observation of any listed species: 

• \Vatch status (sighting made by 31 PSO on or off duly, opportunistically, by a crew mem.be.r, or 
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via an alternate vesseJ/platform). 
• Name of PSO who sighted the animal. 
• Time of sighting. 
• Vessel loc-.ation at time of sighting. 
• Water depth at time of sig)iting. 
• Direction of vessei's travel (oompass direction) at the time of sighting. 
• Estimated m.llllber of animals (high/low/best) sighted. 
• Detailed behavior observations of the listed species (e.g., grooming; actively mol\,,i.ng away 

from vessel; diving; note any observed changes in behavior). 
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• Animal's closest point ofapproach (CPA) and/or dosest distance from any component of the 
acomtic source, 

• Platfoffll activity at time of sighting (e.g., deploying, recovering, testing, shooting, data 
acquisition, other). 

• Description of any actions implemented. in response to the sighting (e.g., delays, shutdown, 
ramp-up) and the time and location of the action. 

A draft report summarizing the abo,;e information shall be submitted to the Service wil!h:in 90 days 
after the end of the cruise. The report shall describe the operations that we1e conducted and 
sigh.tings of animals near the operations. The report shall pro\ri.de fall documentation of methods, 
results. and inteipretation pertaining to a]) monitoring activities. The 90~y report Schall 
summarize the dllites and locations of seismic: operations, and all ESA-listed seabird sigihtings 
(dates. times, loc.ations, acti\ri.ties. associated seismic survey activities). The report shall also 
include estimates of the number and nature of listed species exposures that occurred. above the 
harassment threshold based on PSO obs.avations. 

The draft report shaJl also include gee-referenced, time-stamped vessel tracklines for all time 
periods during which airguns were operating. T racklines should include iPOints recording any 
change in airgun status (e.g .• when the airguns began. operating, when they were turned off, or 
when they changed from foll array to single gun or vice versa). GIS files shall be provided in 
ESRI shapefile format and include the UTC date antl time, il.atitude in decimal d'egrees, and 
longitude in decimal degrees. All coordinates shall be referenced to the 
GCS _N onh _American_ 19&3 geographic coordinate system. In addition to the draft report, all rm· 
observational data shall be made available to the Service. Th.e draft report must be accompanied 
by a certification from the lead PS-0 as to the accuracy of the report, and the lead PSO may su:bmit 
directly to th.e Se.rvice a statement c-0nceming implementation and effectiveness of the required 
mitigation and monitoring. A final. re.port must be submitted \'i'l.l!h:in 30 days foUowing resolution 
of any Sexvice commems on the draft report. 

Reporl:in.,g: Vessel Strikes or Injured or De.ad Animals 

See the Incidental Take Statement Terms and Conditions section :below for specific procedures 
required to report, handle, or dispose of any sick or injured individuals of an ESA-listed species. 

Term ofrhe Action 

The proposed action is scheduled to be implemented. from May 20 through July of 202 1. 
However, if there are unanticipated. delays, while the totaJ 11wnber of survey days will not change, 
the project time frame could be extended ftuther into the summe-rperiod. 
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Action Area 

The action area includes the Cascadia Subduction Zone survey area and transit routes to and from 
ports. The proposed survey location is appmximately 42-51°N, ~124-130°W. Representative 
survey tracklines are shown in Figure 1 (above). As described fo:rthe:r io the EA, some deviation in 
actual tracl: lines, including the order of surv-ey operations, could be necessary for reasons such as 
poor data quality, inclement weather, or mechanical issues with the research vess.el and/or 
equipment. Thus, for the surveys, the tracl:lin.es could occur anywhere within the coordinates 
noted above. The surveys are proposed to occur within Exclusive Ec~nomic Zones (EEZ) of the 
U.S. and Canada, as weU as in U.S. state waters and Canadian Territorial Waters, ranging in depth 
from 60 m to 4,400 m. 

Analytical F t'.lmework for the Jeopal"dy Dete1'lDinalion 

In accordance with policy and regulation, the jeopardy determination in thi'l Biological Opinion 
relies on the foUowing components: 

The Starns of the Species , which evaluates the species' range-wide condition relative to its 
reproduction, numbers, and distribution, the factors responsible for that condition, and i.ts smvival 
and recovery needs. 

The Environmental Baseline, which evaluates the condition of the species in the action area 
relati\•e to its reproduction, numbers, and distribution without the consequences caused by the 
proposed action, the factors responsible for that condition, and the re lat:ionship of the action area to 
the survival and recove:ry of the species. 

The Effects of the Action, which evaluates all future consequences to the species that are 
reasonably certain to be caused by the proposed action, including the consequences of other 
at'tivitie;;. that are caused by the proposed action, and how those impacts are likely to influence the 
consavation role of the action area for the species; and 

Cum11lative Effects, which evaluates the consequences offutme, non-Federal activities reasonably 
certain to oocur in the action area on the species, and how those impacts are likely to influence the 
comavation role of the action area for the spec-ies. 

In accordance with policy and regulation, th.e jeopardy d.etermination is made by evaluating the 
consequences ,of the proposed Federal action in the context of the species' current range-wide 
status, taking into account any cumulative effects, to detennine if implementation of the proposed 
action is likely to cause an appreciable reduction in the lil:eliliood of both the smvival and 
recovery of the species in the wild. The key to making this finding is dearly establishing the role 
of the action area in the consenration of the species as a whole, and how the effects of the proposed 
action, taken together with cumulative effects, are likely to alter that role. 
NOTE: If recovery units were defmed for the species in the final. listing rule for use in completing 
jeopardy analyses, pursuant to Senrice policy, when an action impairs or precludes the capacity of 
a rec.overy unit from providing both the sun,ival and recovery function as<;igned to it, that action 
may represent jeopardy to the species. 'When ming this type of analysis, the Biological Opinion 
describes how the consequences of the proposed federal action on the listed species, taken 
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together \'iiitb. cumulative effects, affect the capability of the reoovery llllit to supp011 iboth the 
survival and recovery of the species as a whole. 

Status of the Spede<i 

The .maroled murrelet (Brachyramplws marmoratns) (marbled murrelet) was listed by the U.S. 
fish and Wildlife Service (Service) as a threatene,d species in Washington, Oregon, and 
California in 1992. The primary reasons for listing induded extensive loss and fragmentation of 
lhe older-age forests tha1 serve as nesting habitat for marbled murrelets, and hum.an-induced 
mortality in the marine environment from gillnets and oil spills (57 FR 45328 [Oct I, 1992]). 
Although <Jome threats such as gillnet mortality and loss of nesting habitat on Fed.era] lands have 
been reduced since the 1992 listing. the primary threats to species persisten ce continue (} 5 fR 
3424 [Jan. 21, 20]0D. 

Life History 

The maroled murrelet is a small, fast-flying seabird in the Akidae family that OOCUl'S along the 
Pacific coast of North America. Marbled murrelets forage for small schooling fish or 
invertebrates in shallow, nearshore, marine wate-rs and primarily nest in coastal older-aged 
coniferous forests. The marbled murrel et lifespan is unknovm, but is expected to be in the range 
of 10 to 20 ye.ns based on information from similar akid species (De Santo and Nelson 1995, 
pp. 36-37). Marbled murrelet nesting is asynchronous and spread ove.r a prolonge.d season. In 
Washington, lhe maroled murrelet breeding season e.-,:tends from April 1 to September 23 . Egg 
laying and incubation occur from April to e.arly August and chick rearing occurs between late 
May and Septernbe.r. with all chicks fledging by late September (Hamer et al. 2003; USFWS 
2012a). 

Maibled murrelets lay a single-egg which may be replaced if egg failure occurs e.arly in the 
nesting cycle, but this is rare (Nelson 1997, p. 17). During incubation, one adult sits on th.e 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 ben-..·een May and August after 30 days of 
incubation. Hatchlings appear to be brooded by an adult for sevesa] days ~ elson 1997, p. 18). 
Once the chick attains thermoregulatory indepe.ndence, both adults leave the chick alone at the 
ne.-st 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 occm at dusk and intermittently 
tb.rougihout the day (Nelson and Hamer 1995, p. 62). 

Maibled murrelets and other fish~eating alcids e."'tbibit wide variations in nestling growth rates . 
The nestling stage of marbled murrelet development can vruy from 27 to 40 days before fledging 
(De Santo and Nelson 1995, p. 45). The variations in akid chick development are attnlmted to 
constraints on feeding ecology, such as unpredictable and patchy fooc!J distributions, and great 
distances between feeding and nesting sites (0yan and ,i!\nker-Nilssen 1996, p .. S30). food 
limitation during nesting often results in poor growth, delayed fledging, incre.ased mortality of 
chicks, and nest abandonment by adults (0 yan and Anke.r-Nilssen 1996, p. 836). 

Maibled murrelets are believed to be sexually matme at 2 to 4 years of age (Nelson 1997, p. 19). 
Adult birds may not nes1 every ye-ar, especially when food resource.s are limited. For example. in 
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central California, the proportion of marbled murrelets attempting to breed was mor,e than four 
times highe.r (50 percent v,ersus l 1 percent) in a year when prey availability was apparently good 
than in a year when more foraging effort was required (Peery et al. 2004, p. 1095). In Oregon, 
there was simi.l.ady a four-fold increase in vacancy rates of previously occupied nesting habitat 
following the poorest ocean conditions, as compared with ilie ye.ars following th.e best ocean 
conditions (Betts et al. 2020, p . 6). In 2017, none of the 61 marbled murrelet:s radio-tagged in 
Oregon attempted nesting, likely bee.a.use anomalous oce.m conditions reduced prey availability 
(Horton ,et al. 2018, p. 77). At other times and places, radio-telemetry and demographic 
modeling indicate that the proportion of adults breeding in a given year may vary from 5 to 95 
percent (Lorenz et al. 2017, p. 312; McShane ,et al. 2004, p. 3-5) . In other words, in some years., 
very few marbled murrelets attempt nesting, but in other years, almost all breeding-age adults 
may initiate nesting . 

• \farbled .Murrelets in the Mari1ie Environment 

Marbled murrelets spend most (>90 percent) of their time at sea. They generally forage in pairs 
on the water, but they also forage solitarily or in small groups. In addition to foraging, their 
activities in the marine environment include preening, social behaviors, and loafing. FoUo,ving 
the breeding se.ason, marbled murrel ets undergo tbe pre-basic molt, in which. they eK.change their 
breeding plumage for theiir winte1 plumage. They replace their fligbt feath.ers during this molt, 
and for a few weeks th.ey are fligbtles-:s. Therefore, they spend this entire period at sea. Their 
preferred marine habitat includes sheltered. nearsltore waters, although th.ey occur farther 
offsh.ore in some locations and during the nonbreedmg season (Huff et al 2006, p. 19). 

Breeding Se-ason Distribution 

The maroled murrelet is ,videly distributed in nearshore waters along the west coast of~orth 
.~erica. It occurs primarily ,vithin 5 km of shore (in Alaska, within 50 km), and primarily in 
protected waters, although its distribution vari.~ with coastline topography, river plum~. 
riptides, and other physic.a] fe.ahu es (Nelson 1997, p. 3) . For example, along the Pacific e-oast of 
Wasrungton, the most heavily-used are.a during the breeding season extends to at least 8 km from 
the coast, with use in some years conce.ntrate.d in the outer portions of this area (Bem:ivog]io et 
ai. 2002, p . 29; lv1clveret al., iniPress, pp. 34, 85; Me:nza et al. 2015, pp. 16, 20-2 1). The 
distnlmtion of marbled m1melets in marine waters during the swnmer breeding season is highly 
variable along the Pacific coast. with areas of high density occmring along the Strait ,of Juan de 
Fuca in Washington, the central Ore.gon coast, and northern California (Raphaei et al. 2015, p. 
20). Low-density areas or gaps in marbled mmrelet distribution occur in cemral California, and 
along the southern Washington coast (Raphael et al. 2015, p. 21 ). Marbled mmrelet marine 
habitat use is strong))1 as,;ociated ,...-ith the am01mt and configuration of ne.arby terrestrial nesting 
habitat (Raphael et al 2015, p. 17). In ,other words, they tend to ibe present in marine waters 
adjacent to areas of suitable breeding habitat. Loca] aggregations or "hot spots" of marbled 
murrelets in nearshore marine wate.rs are strongly associated with landscapes that support large, 
contiguous areas ofma.ture and old-growth forest. In Puget SoUild and along the Strait of Juan 
de F11ca, these "bot spots" are also strongly associated with a lo,v human footprint in the marine 
environment, for example, areas nahrral shoreline~ and relatively little 1,·essel traffic (Raphael et 
ai. 2016a, p . 106). 

Non-breeding adults and subaduHs are thought to occur in similar areas as breeding adults. This 
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species doe:S occur farther offshore during the breeding season, but in much r,educed aumbe_rs 
(Drew and Piatt 2020; Strachan et al. 1995 , p . 247). Th.eir offshore occurrence is probably 
related to current upwelhng and plumes during certain times ,ofth.e year that tend to concentrate 
their pr,ey species. Even within fue breeding season, individual marbled murreiets may make 
large movements, and large average marine home ranges (505 ikm2 and 708 km2. respectively) 
have been reported for northern California and Washington (Hebert and Golightly 2008, p. 99; 
Lorenz et al. 2017, p. 318). 

N on-breedin!.! Season Distribution 

Marbled murrelet marine habitat use d\iiring the non-breeding se.ason is poorly documented, but 
they are present near breeding sites year-roWl.d in most areas (Nelson 1997, p. 3). Marbled 
mu:rreJ.ets exhil>it seas.ona] redistributions following the pre-basic molt (Peery et al 2008a, p. 
119), and can move up to 750 km from their breeding s.eason locations. (Hebert and Golightly 
2008, p. 101; Adrean et al. 2018). The southern end of the range extends as far south as the 
Southem California Bight; but s-rune individuals also move northward at the end of the breeding 
seas.on (HaD et a)_ 2009, p. 5081; Peery et al 2008a, p. 12 1). Genera.Uy they are more dispersed 
and may be found farther offshore than during the breeding season, up to approximateiy 50 mile~ 
from shore (Adams et al. 2014; Ballance 2015, in litt.; Drew and. Piatt 2020; Pearson 2019, p. 5; 
Speich and Wahl ]995, p. 322). 

The highest concentrations likely still occur close to shore and in protected ,vaters, but given the 
limited data available regarding non-breeding season marbled murreM distnlmtion or densities, a 
great deal of uncertainty remains (Nels.on [997, p. 3; Pearson 2019, p. 5). More information is 
available regarding non-br~ding se.ason marbled murreiet densi1y and distribution in some areas 
of Puget Sotmcl Marbled murrelets move from the outer ex.posed coasts of Vancouver lslan<l 
and the Straits of Juan de Fuca into the sheltered and productive waters of northern and eastern 
Puget Sound (Beauchamp et al. 1999, en.tire; Burger 1995, p. 297; Speich and Wahl 1995, p. 
325). However, in central and southern Puget Sound, marbled murrelet densities are loweJ' 
dming the non-breeding season than they are during fue breeding season (Mciver et al 2021, pp. 
11-17; Pe.arson and Lance 2020, p. 12). Known are.:as of winter oonc.-en:tration include and 
southern and eastern end of Strait of Juan de Fuca (primarily Sequim, Di5CO\re1y, and Chuckanut 
Bays), San Juan Islands and Puget Sound, Washington (Speich and Wahl 1995, p. 314). 

Fora~ and Diet 

Marbled murrelets dive and swim through the water by using their wings in pursuit of their prey; 
their fornging and di\ri.ng behavior is restricted by physiology. They usually feed in shallow, 
nearshore water less than 30 m (98 ft) deep,, which seans to provide them with optima] foraging 
conditions for their generalized diet of small schooling fish and large, pelagic invertebrnt~ : 
Pacific sand lance l4mmodytespe1"sonabu), northem anchovy (Engraulis mordax), Pacific 
herring (Clirpea hare11gus) , surf smelt (Hypomesus sp.), euphausiids, mysids, amphipods, and 
other species (Nelson 1997, p. 7). Howe\·er, they are assumed to be capable of di'll'ing to a depth 
of 47 m (157 ft) based on their body size and diving depths obsenred fo1 other a.k id species 
O,{athews and Burger 1998, p. 70. 

Contemporary studies of.marbled mu:rrelet diets in the Puget SolUld-Georgia Basin 1egion 
indicate that Pacific sand lance n.o\\r make up the majority of the marbled murrelet diet 
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(Gutowsky et al. 2009, p. 25 1) . HistoricaUy, energy-rich fishes such as herring and northem 
anchoi.iy comprised the majority offue marbled murrelet diet (Becker and Beissinger 2006, p. 
470; Gutowsky et al. 2009, p. 247). This is significant because sand Janee have the lowest 
energetic value of the fishes that marbled murrelets commonly consume. For example, a single 
northern anchovy has nearly si."r limes the energetic value of a sand lance of the same size 
(Gutowsky et ai. 2009, p. 25 1), so a m:a:rbied munelet would have to eat six sand lance to get the 
equivalent energy o•f a single anchO\iy. Reductions in the abundance of energy-rich forage fish 
species is l.ike1y a contributing factor in the poor reproduction in marliled murrelets (Becker and 
Beissinger 2006, p. 470). 

The duration of dives appe.ars to depend upon age (adults vs. juveniles), water depth, visibility, 
and depth and availability ofiPrey. Oi\'e duration has been observed ranging from 8 seconds to 
i 15 seconds, although most dives are between 25 to 4S seconds (Day and Nigro 2000; Jodice 
and Collopy 1999; Thoresen 1989; Watanuki and Burger 1999). Diving bouts .la.~ t over a period 
of27 to .B minutes (Nelson 1997, p. 9). They forage in deeper waters when upwelling, tidal 
rips, md daily acti\11.ty of prey oonc.entrate prey near the surface (Strachan et al 1995). Marbled 
murrelets are highly mobile, and some make substantial changes in their foraging sites within the 
breeding se.ason. For ex.ample, !Becker and Beissinger (2003 , p. 243) found that marbled 
murrele-t:s in California responded rapidly (within days. or weeks) to sm.ail-scale variability in 
upwelling intensity and prey availability by shifting their foraging behavior and habitat selection 
within a ]00-km (62-mile) area. In Washington, changes in water temperature, likely also 
related to prey availability, influence foraging habitat use, but the influence of upwelling is less 
dear (Lorenz et a]_ 2017, pp. 315, 318). 

For more information on marbled murrelet use of marine ha bi tats, see literature reviews in 
);fcShane et al. 2004, USn\lS 2009, and USFWS 2019. 

Marbled ;"l,fw-relets in the Terresrrial Environment 

);farliled murrele-ts are dependent upon older-age forests, or forests with an older tree component, 
for nesting habitat (Hamer and Nelson 1995, p. 69). Speci:ficaUy, marbled murrelets prele.r higih 
and broad platforms for landing and take-off, and surfaces which will support a nest cup (Hamer 
and Nelson 199S, pp. 78-79). In Washington, marbled muneiet nests have been found in. live 
conifers, specificaJly, western hemlock (T.mga heterop.hylla), Sitka spmce (Picea sitcl,e.nsis), 
Douglas-fir (Pseudotsuga men:iesU), and western red cedar (Thufa plicata) (H.amer and Nelson 
1995; Hamer and Meekins 1999). Most marbled mtme!ets appear to nest within 37 miles of the 
coast, although occupied behaviors have bee.n recorded up to 52 miles inland, and marbled 
murrele-t pre-se.nce bas been detected up to 70 miles inland in Washington (Huff et al 2006, p. 
W). Ne-Sts ooctu primarily in large, older-aged tre.es. Overall., nests have been fmmd in trees 
greater than 19 inches in diameter-at-breast and gre.ater than 98 ft tall. ~esting platforms indude 
limbs or other branch deformities that are gr.eater 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). 

Y1arli led murrelets do not form the dense colonies that are typical ofmost other seabird species. 
Limited evidence suggests they may form loose colonies in some cases (Ra]ph et al. 1995). The 
reliance of marbled murrelets on cryptic coloration to avoid detection suggests they utilize a 
wide spacing of nesis in order to prevent predators from forming a search image (Ralph et al. 
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199 5). fudilliduai marbled murre lets are suspected to have fidelity to nest sites or nesting areas, 
although this is has o~y been confirmed with marked! birds in a few cases (Huff et al. 2006, p. 
11). There are at least 15 reoords of marbled murrelets ming nest sites in the same or adjacent 
trees in sucoessive years, but it is not d ear if they were used by the same birds (McShane et al. 
2004, p. 2-14). At the landscape scale, ma.Jbled murrelets are probably &ithfo] to specific 
watersheds for nesiing (NfcShane et at 2004, p. 2-1 4~. ~arbled murrelets have been obsen•ed 
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 (Nashmd 1993; O'Donnell et al. 1995, p. 125). 

Loss of nesting habitat reduces nest site availability and displaces any marbled murrelets fuat 
may have had nesting fidelity to fue logged area (Raphael et al. 2002, p. 232) ~arbled 
murrelets have demonstrated fidelity to nesting stands and in some a.re.as, fidelity to individual 
nest trees (Burger ,et al. 2009, p. 217). Marbled murrelets returning to recently logged areas may 
not bre.ed for several years or until they have fotmd suitable nesting habitat elsewhere (Raphael 
et al. 2002, p. 232). The potential effects of displacement due to habitat loss include nes1 site 
abandonment, delayed breeding, failure to initiate breeding in subsequent years, and failed 
breeding due to increased predation risk at a marginal nesting location (Divol.1' and Horton 1995, 
p. 83; Raphaei et al. 2002, p. 232). Each of th.ese outcome-s has fue potential to reduce the 
nesting success for mdividuai breeding pairs, and could ultimately result in the re.duced 
recmitment of juvenile birds into the local population (Raphael et al. 2002, pp. 231-233). 

Detailed information regarding the life history and conserva1ion needs of fue marbled mucrelet 
are presented in the Ecology mid Co11servatio11 of the Ma11Jled m11.1-relet (Ralph et al. 1995), the 
Service' s 1997 Recovery Pla11for the Marbled mw-relet (USf WS 1997), and in subseque.nt 5-
year status re\riews {NlcShane et al 2004; USFWS 2009; US:FWS 2019). 

Terrestrial Dist:ri.bution 

Marliled murrelets are di-stributed along the Pacific coast of ~orth. America, with birds breed.in,g 
from central California through Oregon, Washington, British Columbia, southern Alaska, 
westward through the Aleutian Island chain, ,vith presumed ibreeding a:s fa1 north as Bristol Bay 
(~ elson 1997, p. 2), and non-breeding distribution extending as far south as the Southern 
California Bigh.t (Hal] et at 2009, p. 5081). The federally listed marbled murrelet population in 
Washington, Oregon, and California. is classified by the Seivioe as a distinct population segment 
(75 FR 3424}. The coterminous United States population ofmaribled murrelets is considered 
significant a.s the loss of thi.s distinct population segment would result in a significant gap in the
range of the t.axon and th.e loss of unique genetic characteristics that are significant to the taxon 
(75 FR 3430) 

The inland nesting distribution of marbled mmrel ets is strowJy associated with the iPres ence of 
mahire and old-growth. conifer forests. ~arbled murrelets have bee:n detected fartheJ thanlOO 
km inland in Washington (70 nriles).The mland dismoution in the southern portion o•f the species 
range is associated with the extent of the hemlock/tanoa.k vegetation zone which occurs up to 16-
51 km inland (10-32 miles) (Evans Mack et al 2003, p. 4). Although marbled murrelets are 
distn1mted! thJoughout their historical range, fue area of occupancy within therr historic 1ange 
appears to be reduced from historic levels. The- disinoution of the species also exhibits five are.as 
of discontinuity: a se-.gment of the border region between British Coliumbia, Canada and 
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Washington; southern Puget Sound, WA; Destruction Island, WA to Tillamook Head, OR; 
Humboldt Cotmty, CA to Half Moon Bay, CA; and th.e entire southern end of the breeding range 
in the vicio.ify of Santa Cruz md Monterey Cotmties, CA (McShane et al. 2004, p. 3-70). 

Marbled murrelets use inland habitats primarily for nesting, including egg laying. incubation, 
md feeding ,ofnestlings. In addition, mmled murrelets have been obseived m nesting habitat 
demonstrating social behaviors, such as circling and vocalizing, in groups, of up to ten birds 
~elson and Pec.k 1995, p. 51). Nest sites tend to be clustered spatially, indicating that although 
mairbied murrele1s are not coionial se.abirds, they also are not -strictly solitary m. their nesting 
behavior, in other woTds, at [east in some circumstances, they nest semi-colonially (Conroy et al 
2002, p. 131; Naslund et al. 1'995, p. 12). In California. and southern. Oregon. marbled mmrelets 
occupy habitat more frequently when thae is other occupied habitat within 5 ikm (Meyer et al. 
2002, p. 103), and we assume that the same is true in Washington. Usually, multiple nests can 
be found in a contiguous forested are..a, even in. places where they are not strongly clus1ere.d 
{Evans Mack et al. 2003, p. 6). In Oregon, marbled mtmelets were ten times more likely to nest 
in previously unoccupied nesting habitll!t where recordings of marbled murrelet cal.ls h.ad been 
broadcast the previous year th.an in control sites where no recordings ,_-..-ere iPlayed, indicating that 
marbled nnmele1s select nesting habitat in part based on the apparent presence of conspecifics 
(Valente et al. 2021, p. 50). 

Distribution of N estinl!: Habitat 

The [oss of nesting habifll!t was a major cause of the marbled murrelet's decline ove.r the past 
century and may still be contributing as nesting habitat continues to be lost to fires, logging, 
insects, tree di.seas.es, and ,vind storms (1-1il[e.r et at 2012, p . 778; Raphael et al 20i6b, pp. 80-
81). Due mostly to historical timber han•est, only a small percenrage (~l l percent) of the 
habitat-capable lands within the listed range of the marbled murrelet cm:reatly contain potential 
nesting habitat (R.aphae] et al. 2016b, p. 69). 

Monitoring of marbled murrelet ne.sting ihabitat within the Northwest Forest Pfan (N\VFP, 
equiivalent to Conselvation Zones 1 through 5) area indicates nesting habitat declined from an 
estimated 2.53 million acres in 1993 tom estimated 2.23 million acres in 2012, a decline of 
about 12.1 percent (Raphael et al 2016b, p. 72). Fire has been the major c-.ause of nesting habitll!t 
loss on Federal lands, while timber hmvest is the primaJy cause of loss on non-federal lands 
(Raphael et al. 2016b, p. 79). While most (60 percent) of the potential habitat is located on 
Federal reserved-land allocations, a substantial amount ofnesting habitat oecurs on non-federal 
lands (34 percent) (Table 1). 

In Zone 6, monitoring of nesting habitat has not been carried out in the Silllle way as within the 
N\VFP area. Most of the existing nesting habitat within Zone 6 is located on state and local 
public lands, where logging has not oc-.amed (Halbert and Singer 2017, p. 1). During August of 
2020, over 60 percent ,of the nesting habitat m Zone 6 ibmned in a large '"ildfire (Singer 2021, in 
litt.). Preliminary data indicate that this fire ha-s resulted in substantial habitat loss, though some 
lost habitll!t features may recover over the ne."{t severa.E years. Many trees within fue bwned are.as 
survived the fire, including the "Father of tihe Forest"' redwood where marbled munelet nesting 
has been documented repeatedly (California Department of Pms and Recreation 2020, p. 2; 
Halbert and Singer 2017, p. 35); however, suitable platfollllS likely burned even in trees that 
sun,•ived the fire, leading to a loss of suitability for many years as branches regrow (Singer 2020, 
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in lilt.). In a sample of 40 previously identified potential nest trees within Big Basin State Park, 
22 trees (55 pen:.ent) appeared to have survived the fire (Singer 202 I, in. Litt.). If this sample is 
representati\·e, more than one quarter (i.e. 45 percent x 60 percent) of potential marbled murrelet 
ne~t trees in Zone 6 may have been killed iby the fire, witih platform. structures lost from a 
substantial percentage of the remaining trees. Future monitoring ·will be necessary to refine these 
estimates of habitat loss . 

Table t Estimates of higher-quality marbled m1melet nesting habitat by State and major land 
hi ·t1un th fth NWFP d • ed ft, 201? d owners J Wl e are.a o e - en v om - ata. 

Habitat 
on 

Habitat Federal 
npable 1·esen·e-d 
lands lands 

(l.OGO, af (l.OOOu f 
State- acn-:\ • crMli 

WA 10,851.1 822.4 
OR 6,610.4 484.5 
CA 3,250.1 24.5 

Totals 20,711.6 i.331.4 

Percent 60 % 
Source: (Raphael el al. 2016b, pp. 78-81). 

Population Status 

Habitat 
0 11 

Federal Total 

non- Habitat on potential 

l't5erHd non- nesting 

lands fe-de1-al habitat (aJI 
(l.flOO, af lands lands) 

tlU'U ' flOOO:a fur .,, fl 000, oh.cn,1 

64.7 456 1,343.1 
69.2 TJ U n 4.8 
L5 82.9 108.9 

135.4 760 2,226.8 

6 % 34 % 100 % 

Percent of 
habitat capable 

L'lnd that is 
curnntl~- in 

habitat 
12 % 
12 % 
3 % 

11 % 

-

The 1997 Rec01Jery Plan/or flrn Marbled murrelet (USFWS 1997) identi.fied six Conse.rvation 
Zones throughout the listed range of the spei:ies: Puget Sotmd (Consenration Zone l), Western 
Washington Coast Range (Conservation Zone 2), Oregon Coast Range (Conservation Zone 3), 
Siskiyou Coast Range (Conservation Zone 4), Mendocino (Conservation Zoo.e 5), and Santa 
Cruz Mowitains (Consenratioo Zone 6) (Figure 3). Co.nsen •ation Zones are the functional 
eqtri\ralent ofree.overy units as d.efined by Sen;ice policy (USFWS 1997, p. l 15). The 
subpopulations in each Zone are not discrete. The.re is some movement of marbled murrelets 
between Zones, as indicated iby radio-telemetry studi.es (e.g., Blo:don and Raphael 2006, p. 162), 
but the degree to which marbled murr.elets migrate between Zones is unknown. Genetic studies 
also indicate that there is movement ofmaroled murreJets between Zones, although Zone 6 is 
more isolated genetic.ally than the other Zones (Friesen et al 2005, pp. 611-612; Hall et al. 2009, 
p. 5080; Peery et al. 2008-b, pp. 2757-2758; Peery et al. 2010, p. 703 ; Vasquez-Carrillo et al. 
2014, pp. 251-252). For the pwposes of consultation, the Service treats e.1ch of the Conservation 
Zones as separate sub-populations of the listed marbled murrelet population. 

!Population Status and Trend, 

!Population estimates for the marbled murrelet are derived from marine sun•eys conducted during 
the nesting season as part of the NWFP effectiveness monitoring iProgram. Surveys from 200 l to 
2018 indic.ated that the marbled murrelet popufation in Conse.rvation Zones i through 5 Gf\VFP 
area) increased at a rate of0.5 percent per year (Mclver et al. 2021, p. 4). While the trend 
estimate across this period is slightly positive, the confidence intervals are tight around zero 
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(95% confidenc.e interval (CI]: -0.5 to L:5 perc.ent), indicating that at the scale of the N\VFP area, 
ihe population is changing very little ~elver et al 2021, p. 4) (Table 2). At the state scale, 
Washington exhibited a significant de.dining trend between 2001 and 2018 (3.9% decrease per 
year, while Oregon and California showed signifkmt positive trends (OR = 2.2% increase pe.r 
ye..ar, CA = 4.6% inc.rease iPer year ~elver et al 202] , p. 4) (Table 2). Zone 1 shows the 
greatest decline of 5.0 percent per year, while the decline in Zone 2 is smaller, 2.2 percent per 
ye.ar, and less statistic.ally certain (Table 2). Zone 4 sho1.vs the greatest incre.ase of 3.5 peroent 
per year, while Zone 3 -shows a small.er, and less statistically certain, incre.ase of 1.5 percent per 
ye..a:r (Table 2). The.re is great uncertainty regarding the trend in Zone 5 due to the infrequency of 
sm,;eys in that zone md the influence of a single anomalous year in 201 7 (Mclver et al., in pre-.ss, 
p. 37). No trend estimate is available for Zone 6. 

While the direct causes for iPOpulation declines in Washington are unknown, potential factors 
include the loss of nesting ihabitat, including cumulative and time-lag effects of habitat losses 
over lhe pa-st 20 years (an individual marbled murrelets potential lifespan), changes in the marine 
environment reducing ihe availability o.r quality of prey, increased densities ofnest predators, 
and emigration (Miller et al. 2012, p. 778). As with nesting habitat loss, marine habitat 
degradation is most prevalent in the Puget Sound area, where anthropogenic activities (e.g., 
shipping ]anes, boat traffic, shoreline development) are an important factor influencing the 
marine distribution and abundance of marbled murrelets in. Conservation Zone i (Falxa and 
Raphael 2016. p. 1 iO). 

The mos1 recent population estimate for the entire Northwest Forest Plan area in 2019 was 
21,200 marbled murrelets (95 percent confidence interval [C]]: 16,400 to 26,000 birds) CVk i ver 
et. al 2021, p. 10). The largest and most stable marbled murrelet subpopulations now occm off 
lhe Oregon and northern. California coasts, while subpopulations in Wa!;bfn~on have 
experienced th.e gre-.ates-t rates of decline. Marbled murrelet zones are now surveyed on an every 
other-year basis, so ihe last year that an extrapolated rmge-wide estimate for a.II zones combined 
is 2018 (fable 2). 

The marbled murrelet subpopulation in Conservation Zone 6 (central California- Santa Cruz 
)/lountains) is outside of the )(WFP are.a and is monitored separatefy by California State iPatks 
and the U.S. Geological Survey using similar at-se.a smvey methods (Felis et al. 2020, iP- l )_ 
Surveys in Zone 6 indicate a small population of marbled murre!ets with no clea.r trends. 
Population estimates from 2001 to 20 i 8 have fluctuated from a high of 699 marbled murrelets in 
2003, to a low of 174 marbled murrelets in 200& (Feiis et al_ 2020 p. 7). In 2019, surveys 
indicated an estimated population of 404 marbled murrelets in Zone 6 (95% Cl: 272-601) (Felis 
et al. 2020, p. 7) CT able 3). 
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Table 2. Summary of marbled murrelet population estimates and trends (2001-20i9n020) at the 
scale of Comervation Zones an.d states. 

E.stimattd 
11ambtr of 
marblNI 95\• CI 95¥t •C1 

Zone Yev murrelets Lollier Uppu 

[ 2020 3,143 2,030 4,585 

2 2019 [ ,657 745 2,752 

3 2020 8,359 5,569 11,323 

4 2019 6,822 5,516 11,063 

5 2011 868 457 1,768 

Zones 1-S· 2019 21,230 16,446 26,015 

:lone 6 2019 404 272 601 

WA 2019 5,151 2,958 7,344 

OR 2019 10,319 7,070 13,@7 

CA 
2019 5,741 3,894 7,588 

Zc:,;, 4 Jr: 1 

Sources: (Mdnret al 2021, pp. [6-20, Pelis et al. 2020, p. 7). 

Factors ]ntlue:ncin:!! Population Trends 

Aten11r;t 
ftnnty (al 

,o\n:r'.1;!• 
sea) u a·W ute 

{~ rbled of 
murrelels pap.boo■ 95\\ CI 95111 CI 

fkm?l . ..... , (\i) Lower t:ppu-

0 .899 -5.0 -7.0 -1 .9 

1.004 -2.2 -5.7 +1.S 

5 .239 +1.5 +0.02 +3. l 

5 .SZ5 H .5 +1.6 +5.5 

0.983 +7.2 -4.4 +20.3 

2.417 +0.5 -0.5 +l.S 

111.S Ill 1118 na 

1.00 -3.9 -5 .4 -2.4 

4 . .:99, +2.2 ¼-0.9 +3.4 

3.67 +U +2.7 +6.5 

Population monitoring da,ta show marbled murreM populations declining in Washington but 
incre.as:ing in Oregon and northe-m California (Mcl\i·er et al. 202] , iP-4). Marbled murre-let 
population size and distribution is strongly and positively correlated with the amotmt and pattern 
(large contiguous patches) of suitable nesting habitat, and population trend is most strongly 
correlated with tren~ in ne-sting habitat, aJthough marine factors also oomribute to this trend 
(Ra,phael et al. 2016a, p. l 15). From 1993 to 2012, there was a net loss of about 2 percent of 
potentia] nesting habitat from on federal lands, compared to a net loss of about 27 percent on 
aonfederal lands, for a total cmnulative net loss of about 12. l percent across the NliVFP area 
(Raphael et al. 2016b, p. 72). Cumulative habitat losses since 1993 have been greatest in 
Washington, with most habitat loss in Washington occurring on non-federal lands due to timber 
hanrest (Raphael et al 2016b, pp. 80-81) (Table 3) . 
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Table 3. Distribution of higher-suitability marbled murrelet nesting habitat by Conservation 
Zone and summary of net !habitat cha:ne:es from 1993 to ?OP within the NWFP area , - -

Chan2e Chan2e 
Const 1Tation Zone 1993 2012 (acres) (percent) 
Zone l - !Puget Som1d/Strait of Jum de 829,525 739,407 -90.118 -10.9% 
Fuca 

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 41 - Southern Oregon - northern 309,072 256,636 -52.436 -1 7 % 
C.alifomia 

Zone 5 - aorth~central. California 14,060 16,479 +2,419 +17.2% 

Source: (Raphael ,!!ct al 2016b, pp. 80-!1) . 

The decline in marbled murrelef populations from 2001 to 2013 is weakly correlated with the 
decline in nesting habitat, with. the greatest declines in Washington, and the smanest declines in 
California, indicating that when nesting habitat dec.reaseJJ, marbled murrelet abundance in 
adjaoe.nt marine waters may also decrease. At the scale ofConsen•ation Zones, the ·strongest 
correlation between habitat loss and marbled murrelet decline is in Zone 2, where marl>led 
murrele-t habitat has declined most steeply, and marbled murrelet populations have also 
continued to decline. However, these relationships are not l.ine-.ar, and there is much unexplained 
variation (Raphael et al. 2016a, p. 110). Wlule terrestrial habitat am.ount and configuration (ii..e., 
fragmentation) and the terrestrial b.uman footprint (ii.e .~ cities, roads, development) appear to be 
strong factors influencing maroled murrelet distribution in Zones 2-5; terrestrial habitat and the 
marine human footprint (i_e., shipping lanes. boat traffic, shoreline devel.op.ment) appear to be the 
most important factors th-at :influence the marine distribution and abundanoe of marbled mwrelets 
in Zone 1 (Raphael et al. 20l6a, p. ]06)_ 

Like other marine ibirds, marbled mmrelets depend for their surviva] on their ab1lity to 
successfull'y forage in the marine environment. Despite this, it is .apparent that the location, 
amount, and [and.scape pattern of terrestrial nesting habitat are strongest predictors of the spatial 
andl temporal. distnlmtions of marbled murrelets at sea during the nesting se:ason (Raphael et al. 
2015, p. 20). Outside of Zone 1, various marine habitat foatures (e.g., shoreline type, depth, 
temperature, human footprint, etc.) apparently have oniy a minor m.fluence on marbled murrelet 
distribution at sea. De-spite this relatively weak spatial relationship, marine fac tors, and 
especially any decrease .in forage species, likely play an important role in explaining the apparent 
population declines, but the ability to detect or model the-se relationships is currently limi,ted 
(Raphael et al. 2015, p. 20). Over both the l.ong and short term, there :is evidence that diet quality 
is reJated to marbled mmrelet abundan.ce, the hlelihood ofne.s1:i:ng attempts, reproductive 
success (Becker et al 2007, p. 276; Betts et al. 2020, iPP- 6-7; Norris et al. 2007, p. 8-81). 

The interplay between marine and te.rrestrial habitat conditions also influenc-es marbled murrelet 
population dynamics. A recent analysis indicates that in Oregon, over a 20-yea:r period, nesting 
activity \"1,as most likely to occur following )'ears with cool ocean temperatures (indicating good 
forage availability). and at sites where large bloc.ks of mature forest were dose to the coast (Betts 
et al. 2020, pp. 5-9)_ Even when ocean conditions 1.vere poor, nestin_g marbled mtm elets 
cofonired new sites tibat we1e swrounded by abtmdant old forest, ibut dwing good ocean 
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conditions, even sites \\1th Jess old forest could be colonized (Be.tis et al. 2020, p. 6). This 
relationship has not be.en investigated in other parts of the range. but is consistent with 
obse.rvations in \Vashington, where marbled mwrelets occupy nesting habitat at lower rates , 
often fly long distances to reach foraging are.as, breed at very low observed rates. and the 
pop,tlation continues to decline (Lorenz et al. 2017, pp. 312-313, 318; Mciver e.t al. 2021, p. 20). 

Pop,tlation Models 

Prior to the use of sunre.y data to estimate. tre.ud, demographic models were more heavily re.lied 
upon to generate predictions of trends and e.~tinction probabilities for the. marbled murrelet 
pop,tlation (Beissinger 1995; Cam et al. 2003; McShaue et al. 2004; USFWS 1997). However, 
marbled mWTelet population models remain useful because. they provide insights into the 
de.mographic. parameters and en\oiroumental factors that govern population stability and fnture 
extinction risk, including stochastic factors that may alter survival, reproductive., and 
immigration/emigration rates. 

In a report developed for the 5-year Staius Review of the Marbled murrelet i11 Washi11gto11, 
Orego11, a11d Califomia (McSbane et al. 2004, pp. 3-27 to 3-60) , models were. used to forecast 
40-year marbled murrelet population trends. A series of female.-ouly, multi-aged, discrete-time 
stochastic Leslie Matti,;. population mode.ls were deve.lope.d for each conservation zone to 
forecast decadal pop,tlation trends over a 40-year period with extinction probabilities beyond 40 
ye= (to 2 I 00). The. authors incotporated available. demographic parame.ters (Table 4) for each 
conservation zone. to descn'be population trends and e.valuate e:,...1inc.tiou probabilities (Mc.Shane 
e.t al. 2004, 
p. 349). 

McShane et al. (2004) use.d mark-recapn1re studies conducted in British Columbia by Cam et al. 
(2003) and Bradley et al. (2004) to estimate annual adult sun,ival and teleme.try sn1dies or at-sea 
survey data to estimate. fecundity. Model outputs pre.dieted -3 .I to 4 .6 percent mean annual 
rates of population change (decline) per decade the. first 20 years of model simulations in 
marbled mWTelet Conservation Zones I through 5 (lvlcShane e.t al. 2004, p. 3-52). Simulations 
for all zone populations predicted declines during the. 20 to 40-year forecast, \\1th mean annual 
rates of -2.1 to -6.2 perceu~ depending on Zone and dec.ade. (McSbaue.et al. 2004, p. 3-52). 
While these modeled rates of decline are similar to those observed in Washington (Mclve.r e.t al. 
2021, p. 20), the simulated projections at the scale of Zones 1-5 do not match the apparently 
increasing populations observed in Oregon and California during the 2001-20 I 9 monitoring 
pe.riod. Comparable trend information is not available. for Zone. 6 in central California. 

Table 4. Range,,i de. marbled murre.le-t demographic parameter values based on four studies 
all us;n, Leslie Matrix models ' 

Beissing er Beissinger and 
Beissinger 

McShane et al. Demographic Parameter and Peery 
1995 Nur 1997* ( l 007) :00-4 

Juve.nile Ratio r ,n 0.10367 0.124 or 0.131 0.089 0.02 - 0.09 
Annual Fecunclitv 0.11848 0.124 or 0.131 0.06-0.12 . 

Nest Success . . 0.16-0.43 0.38 - 0.54 
Mahlration 3 3 3 2 - 5 
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Sun,-ivorsbio 

'"In U.S. FLSh and Wildlife (1997) . 

Reproduction 

S2 ¼ - 90 ~'. 83 % -92 % 

Overall fecunility is a pmduct of the proportion of marliled murrelets th.at attempt nesting and the 
proportion of nest attempts that succeed. Telemetry studies can be used to estimate both the 
proportion ofmarbl.ed murrelets attempting nesting, and the proportion of nest attempts that 
succeed. When telemet!ly estimates are not available, at-sea sm:veys that separately count the 
n:umber of hatch-year and after-hatch-year birds can be used to estimate productivity. 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 
telemet!ly studies, estimating m~led murrelet reproductive rates with an index of reproduction, 
referred to as the juvenile ratio (R), 1 continues to be important, despite some debate over use of 
this index (see discussion in Beiss:inger and Peery 2007, p. 296). 

Marli!ed murrelet fecundity is likely limited in part by low rates of nesting attempts in some parts 
of the range. Radio-telemet!ly monitoring Washington between 2004 and 2008 indicated only a 
small portion of 158 tagged adult birds actually attempted to nest (13 to 20 pe.rcent) (Lorenz et 
al. 2017, p. 316; Raphael and Bloxto.n 2009, p. 165). Studies from California and Oregon also 
report low rates. Two studies from central and northern California reported that an average of 
around 30 percent of radio-tagged marbled murre!ets attempted to nest (Hebert and Golightly 
2006, p. BO; Peery et al. 2004, p. 1093). In prelimirnuy re-Suits from a study in Oregon, only 11 
out of203 marl>ledmurrelets (5 percent) tagged between 2017 and 2019, attempted to nest 
(Adre.an 2021, pers. comm.). This represents the lowest rate yet reported for the species~ 
however, the study is not yet complete and is therefore not nilly comparable to the others cited 
above. These low rates of nesting are not intrinsic to the species; other studies outside of the 
listed range reported that between 46 and 80 percent of marbled murrelets attempted to breed 
each year (Barbaree et al. 2014, p. 177; Bradley e-t at 2004, p. 323), and most population 
modeling studies suggest a range of SO to 95 peroent of adults breed each year CvicShane et al. 
2004, p. 3-5). The process ofradio-tagging or the additional weight and drag of the radio tag 
itself may reduce the probability that a tagged individual will attempt to breed, but studies 
reporting higher rates of attempted nesting used similar radio tags, so radio-telemetry methods do 
not account for differe.nc.es between the studies conducted in the listed range and those conducted 
elsewhere (Peery et al. 2004, p. 1094). 

Although difficult to obtain, nest success rates2 are available from telemetry sludies conducted in 
California (Hebert and Golightly 2006; Peery et al. 2004, p. 1094). Washington (Lorenz et al. 
201 7, p. 312; Lorenz et al. 2019, p. 160), md, preliminarily, in Oregon (Adrean et al 2019, p. 2). 
[n northwestern Washington, Lorenz and others (2017, p. 312; 2019, pp. 159-160) documented a 
nest success rate of0.20 (3 chicks fledging from 15 nest starts). In central California, marbled 

1 The jmui!e rnrio (R) for mru:bled mum.lets is deri..-ed from tM relam ·e ablllll1'111Ce of hatch-y,?.·u (HY; 0-1 yr-old) 
to after-hatch-yeru- {Affi'; 1 + yr-<>~d) birds (Beissinger and .Peery 2007, p. 297) and is calculated from marine sun·ey 
data. All ratio.;; presemed here are date-corrected us~ Ille methods of Peery et al. (2007, p. 234) to accOW1t adult.. 
incubatimg :!.lld chicks not yet fledged at the llime of llhe smny. 
1 Nest success he!'e is defined b-y the llllllual l!l!llllbe. ofknov..ii batchli.ng; dep~ !from the nest (!lledg;i.llg) di,;i ded 
by the nwnber of nest srn:m. 
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murrelet ne.st success is 0.16 (Peery et al. 2004, P- 1098) and in northern California it ranges 
from 0.069 to 0.243 (Hebert and Golightly 2006, p. 129). In Oregon, preliminary results from a 
telemetry study indicate that 3 of7 active nests successfully fledged young, a rate of 0_43, but 
this success rate may not be comparable to the others reported above; for example, it is not cle.ar 
whether it includes all nesting attempts (Adrean et al 2019, p. 2)_ 

At least one telemetry study re.ported overa]J fec1mdify rates, combining both the rates of nesting 
attempts w~th the rates of fledging success. In c.entral California, the fec1mdity rate was 
estimated to be 0_027, or 2.7 female chicks produced per year for every 100 females of breeding 
age (Peery et al. 2004, iP- 1094)_ In other studies, the overall fec.tmdity rate is not known, 
because it is not clear how many of the radio~tagged birds were of breeding age. However, m 
northern California, of 102 radio-ragged birds, at least two and at most six successfully produced 
fledglings (Hebert and Golightly 2006, PP- 130-13 1), and in Washington and southern 
Vancouver Island, of 157 radio-tagged birds, four produced fledglings (Lorenz et at 2017, p. 
312). If we assume (as in Peery et al. 2004, P- 1094) that 93 percent of captured birds in each 
sample were of breeding age, and that halfof aJl captured birds and halfofalli fledged chicks 
were female, fecundity rates from these samples would be 0_027 in Washington, and between 
0_02 1 and 0_063 in northern California. 

Unadjusted and adjusted va.l.ues for estimates of marbled murrelet juvenile ratios also sugge.st 
low reproductive rate.s. In northern California and Oregon, annual estimates for R range from 0 
to 0-140, depending on the area surveyed (Strong 2014, iP-20; Strong 2015, P- 6; Strong 2016, p. 
7; Strong 2017, P- 6; Strong 2018, P- 7; Strong 2019, P- 6; Strong and Fah:a 20]2, P- 4). In. 
Consen;ation Zone 4, the annual average betwee.n 2000 and 2011 was 0_046 (Strong and Falxa 
2012, P- H ). In central California, es1imates ofR range from Oto 0.12, with an annualaverage 
of0_048, o\·er 21 ye.ars of stµvey between 1996 and 2019 (Felis et aL 2020, P- 9). An 
independe.nt calculation of R among marbled murrelets captured in c.entral Cahlornia between 
1999 and 2003 resulted in esti.~tes ranging from Oto O_l 11, with an average of0_037 (Peery et 
aL 2007, p. 235)_ Estimate._s for iR in tb.e San Juan ]slands in Washington tend to ibe higher, 
ranging from 0_02 to 0.12, with m average of0_067, over ]8 years of survey between 1995 and 
2012 (Lorenz and Raphael 2018_ PP- 206, 211). Notably, iR in the San Juan ]slands did not show 
any temporal trend ov-er the 18-year period, eve.n while the abundance of adult and subadult 
mmbled murrelets declined (Lorenz and Raphael 2018, pp. 210-21 O. 

Although these estimates of R aTe higher than one would expect based on fecundity rates derived 
from radio~telemetry studies, they are below the level thought to be necessary to maintain or 
increase the marbled murrelet population_ Demographic modeling, historical records, and 
c-0mparisons with similar species al.I suggest that marbled munelet population s1ability requires 
juvenile ratios between OJ 76 and OJ (Beissinger and Peery 2007, P- 302; USfWS 1997, P- B-
13). Even the lower end of this range is higher than any cun e.nt estimate for R for any of the 
Consen;ation Zones. This indic.ates that the marbled murrelet reproductive rate is l..i.ke]y 
insufficient to maintain stable population numbers throughout all or portions of the species' 
listed range_ These sustained low repr-oductive rates appe.1r to be at odds with. the potentially 
stable population size measured for Zones l through 5 and are especially conthsi:ng in light of 
apparent population increases in Oregon and California. However, the populations of birds that 
breed in e.ach zone (which, by all measures of productivity_ we would expect to be shrinking 
throughout the range) is not nec.e-i;sarily the same thing as the numbers ofibirds at sea. This issue 
is discussed further in the section below_ 
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Integration and Summary: Marbled murreler Abundance, Distribution, Trend, and Reproduction 

A statistic.ally significant decline was detected in Conservation Zones 1 and 2 for the 2001-2019 
period ([able 2). The overall population trend from the combined 2001-2019 population 
estimates (Conservation Zones 1 - 5) indicates a potentially stable populatio.n with a 0.5 percent 
increase per year Cv{dver et al 2021, p. 4). Because the confidence intervals for this estimate 
are fairly light around 0, there is not clear evidence ,of either or a positive or negative trend. At 
the state-scale, significant declines have occurred in Washington, \Vhile subpopulations in 
Oregon and California show a statistically meaningful incre.ase (Mcive.r el al. 2021, p. 4). 

The Clllient ranges of estimates for fecwtdity and for R, the ju\'enile to adult ratio, are below the 
level assumed to be necessary to maintain or increase the marb.led murrelet ~pulation. Whether 
derived from radio-telemetty, marine surveys or from population modeling (R = 0.02 to 0.13, 
Table 4), the available information is in general agreement that the cwrent ratio of hatch-year 
birds to after~hatch year birds is insufficient to mai.nlfil1' stable numbers of marbled mtmelets 
throughout the listed range. The current estimates for R also appe.ar to be well below what may 
have occuned prior to the marl,led murrelet population decline (Beissinger and Peery 2007, p. 
298) 

The reported stability of the population at the larger scale (Zones 1 through 5) and growth of 
subpopulations in Oregon and California appear to be at odds with the sustained low 
reproductive rates reported throughout the listed range. A number of factors could contnl mte to 
this discrepancy. For e.-,:ample, population increases could be caused by an influx of marbled 
murrelets mo'iling from the Canadian iJ)Opulation into Oregon and California, or into Washington 
and displacing Washington birds to Oregon md California. The possibility of a population shift 
from Washington to Canada has previously becen dismissed. based on nest-site fidelity and the 
fact that both Washington and British Columbia populations are declining simultaneously (Falxa 
et al. 2016, p. 30), but these arguments do not mle out the possibil ity that non-breeding marbled 
murrelets originating in Canada may be spending lime foraging in Oregon or California walers. 

Another possibility i-s the proportion of birds present on the water during surveys, rather than 
inland at nest sites, may be inc,reasing. If so, this would artificially inflate population estimates. 
Such a shift could be driven by low nesting rates, as were observed in Oregon in 2017 (Adre.m et 
al. 2018, p. 2; Horton et al. 2017, p. 77); or by shifts toward earlier breeding, for which lhere is 
anecdotal evidence (for example, Havron 2012, p. 4; Pearson 2018, in litl; Strong 2019, p. 6); or 
a combination of both factors. In either case, individuals that would in earlier ye.ars have been 
incubating an egg or flying inland lo feed young, and therefore unavailable to be collllted, would 
now be present at sea and would be observed during stuveys. For the same number of birds in 
the population, the population estimate would incre.ase as adults spend more of th.e survey period 
at sea. 

Finally, the shift that oocuned in 2015 to sampling only half of the Conservation Zones in each 
survey year (Mdver et al. 2021, pp. 5-6) is increasing the uncertainty :in how to interpret the 
survey 1esults, especially in light of large-scale movements that can oc.ror during the breeding 
s.eason, sometimes invoh ing numerous individuals (Horton et al. 2018, p. 77; Peery et al. 2008a, 
p. 116). Marbled murrelels that move into or out of the zone being sampled during the breeding 
season co1tld artificially inflate or deflate the population estimates. Even interannual movements 
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among the Zones could temporarily resemble population growth, without an actual increase in 
the number of birds in the population (Mdver et at, in press, pp. 14, 43) . 

Some ofth.e~e factors would also affect measures of fecundity and juvenile ratios. For example, 
if marbled mtmelets are breeding earlier on average, then the date adjustments applied to 
juvenile ratios may be incorrect, possibl1' resulting in mflated estimates of _R. If current 
estimates of R are biased high, this would mean that the true estimates of R are even lower, 
ex.ac.erbating, ralhe.r than explaining, lhe discrepancy between the apparently sustained low 
reproductin rates and the apparently stable or increasing subpopufations south of Washington. 
A shift toward later breeding could result in mor~ adults being present at sea during surveys, and 
would also result in artificially low estimates ofR. We are not aware of evidence for a 
widespre.ad shift toward later breeding, but this kind of alteration in seasonal behavior may be 
more difficult to detect than a shift to earlier breeding. Early-fledging juveniles are conspicuous 
when observed at sea, whereas late-fledging juveniles are not 

Considering th.e best available data on abundance, distnlmtion, population trend, and the I.ow 
reproductin succes1; of the species, the Seni.ce concludes the marbled murrelet population 
within the Washington portion of its listed range ctmently has little or no c-.apability to self
regulate, as indicated by the significant, annual ded.i:ne in abundance the species is currently 
mtdergoing in Comervation Zones l and 2. Populations in Oregon and California are apparently 
more stable, but reproductive rates remain I.ow in those areas, and lhreats associated with habitat 
loss and habitat fragrnenbtion continue to ocx:u.r. Tb.e Service e.~ts the species lo continue to 
exhibit farther reducti.ons in distnoution and abundance , due largely to l'he expectation that l'he 
variety of environmental stressors prese.nt in the marine and terrestrial environments (discussed 
in the Threats to Marbled m11rrelet Sl.11-vival and Recove.ry section) wiH continue into lhe 
foreseeable future. 

Threats to Marbled murrelet Survival and Recovery 

Viihen the marbled murrelet was listed under lhe 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 em,i.roument from timber hanrest and 
human development caused a severe reduction in the amount of nesting habitat. 

• Unnaturally high level~ of predation resulting from forest "edge effects". 
• The existing regulatory mechanisms, such as land management plans (in 1992), we.re 

considered inadequate to ensure protection of the remaining nesting habitat and 
reestablishment of future nesting habitat 

• 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 NWFP) and new gill-netting regulations 
in northem California and Washington have reduced the threats to marbled murrelets (USFWS 
2004, pp. 11-12). However, additional threats were identified, and more information was 
compiled regarding existing threats, in the Service's 5-year reviews for the marbled murrelet 
compiled in 2009 and 2019 (USFWS 2009, pp. 27-67; USFWS 2019, pp. 19-65). These 
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stressors are r,elated to environmental factors affecting m.arl>led murrelels in the marine and 
tenestrial environments. These stressors include: 

• Habitat destruction, modification. or curtailment o.fthe marine en.\'llonmental conditions 
necessary to support marbled mmrelets due to: 
• Elevated levels of toxic contaminants, including polychlorinated biphenyls, 

polybrominated diphenyl ethe.r, [!>Olycyclic aromatic hydrocarbons. and organochlorine 
pesticides, in mrubled murrelet prey species. 

• The presence ofmicroplastics in marbled mu.rrelet prey species. 
• Changes in prey abundance and availability. 
• Changes in prey quality. 
• Harmful algal blooms that produc.e biotoxins leading to domoic acid and paralytic 

shellfish poisoning that ha,re c:aused marbled murrelet mortality. 
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• Harmful algal blooms that produce a pmteinacecius foam that has fouled the feathers of 
other alcid species and affected are.as of marbled murrelet marine habitat. 

• Hypoxic or anoxic events in marbled murrelet marine habit.al 
• Climate change in the Pacific Northwest 

• Mruunade factors that affect t!he continued existence of the species include: 
• Derelict fishing gear leading to mortality from ,entanglement. 
• Distu:rl>ance in th.e marine environment (from exposures to letha] and sub-lethal levels of 

high underwater sound pressur~s caused by pile-driving. 1mderwater detonations, and 
potential disturbance from high vessel traffic). 

• Wind energy generation, currently limited to onshore projects, leading to mortality from 
coUisions. 

Since the ti.me of listing, some marbled murrelet subpopulations have continued to decline due to 
lack of successful reproduction and recnritment., and while other subpopulations appear to be 
stable or increasing, productivity in these populations remains lower than the levels likely to 
support sustained population stability. The marbled mmrelet Recovery [mplementation Te.am 
identified five major mechanisms that appe-ar to be oontnlmting to poor demographic 
perfolDl.nnce (USFWS 2012b, pp. 10-1 1): 

• Ongoing and historic loss ofoesting habitat 
• Predation 011 marbled murrelet eggs and chicks in their nests. 
• Changes in marine conditions, affecting the abundan~, distribution , and quality of marbled 

murrelet prey species. 
• Post-fledging mortality (predation, gillneis, oil-spills). 
• Cumulative and inte.ractive effects of factors on individuals and populations. 

Climate Change 

In the Pacific ~ orthwest, climate change affects both the marine and forested environments on 
which. marbled murrelets depend. Changes in the tene-.striai environment may have a direct 
effect on marbled mmrelet reproduction, and dso aifect the structure and availability of nesting 
habitat. Change.s in the marine environment affect maroled murrelet food resources. Changes in 
either location may affect the likelihood, success, and timing of marbled murrelet breeding in 
any given year. 
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Changes i:n the Phvsical Envi:rnlllllent 

Projected changes to the climate within the range of the marbled murrelet include air and sea 
surface temperature incre.ases, changes m precipitation seasonality, and increases in the 
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frequency and intensity of extreme rainfall e1i·ents (Mauger ,et al. 2015, pp. 2-1 - 2-18; Mote and 
Salathe 2010, p. 29; Salalhe et al. 2010, pp. 72-73). Air tem:pentme wanning is alre.ady 
WJdenvay, and is expected to continue, with lhe mid-21 •1 centmy projected to ibe approximately 
four to six degrees Fahrenheit (°F) (2.2 to 3.3 degrees Celsius [°C]) warm.er than the lat,e 20th 

cenl:my (Mauger e-t al. 2015, p. 2-5 ; USGCR.P 2017, iPP· ]96-1'97). Similarly, sea surface 
temperatures are alre-ady rising and the wanning is a-pected to continue, with increases !between 
2.2 "F O .2 °C) and 5.4 °F (3 °C) projected for Puget Somid, the Strait of Georgia, and the Pacific 
Coast between the late 206 century and mid-or late-21" centwy (Mote and Salathe 2010, p. 16; 
Riche et al. 2014, p. 41; USGCRP 2017, iP· 368). Summer pre.cipi:tation is expected to decrease, 
while winter precipitation is expe.cted fo increase (Mauger et al. 2015, p. 2-7; USGCRP 2017, 
p. 217). In particular, hea\'y rainfaH events are projected to occur ben.veen two and three times 
as frequently and to be ibetween 19 md 40 percent more intense, on average, in the late 21'1 

cenhuy than they \Vere ,during the late 20m century (Warn.er et al 2015, pp. 123-124). 

The wanning trend and trends in rainfall may be ma,sked by naturally-occurring climate cycles, 
such as the El Nino South.em Oscillation {E',lSO) and the Pacific Dec-adal Oscillation (PDO) 
(Reeder et al. 2013, p. 76). Th.ese ,oscillations have similar effects in the Pacific Northwest, with 
relatively warm coas-tal water and warm, chy winter conditions during a "positive" warm phase, 
follo,,,ed by cooler coastal water md cooler, wetter winter conditions during the cool «negative"' 
phas.e (Nfoore et al. 2008, iP· i 747). They differ in that one phase of the IDlSO cycle typically 
lasts between 6 and 18 months (one to tlrree years for a full cycle), where.as, during the 20th 

cenhuy, e.ach phas.e of the PDO cyde lasted approximately 20 to 30 years (approximately 40 to 
60 year~ for a foll cycle) (Mantua and Hare 2002, p. 36). Some studies breal; lhe PDO into two 
components, one with a foll cyd e length between 16 and 10 years md the olher with. a 50 to 70-
year period, with the longer component referred to as the Pacific Multidecadal Oscillation 
(PMO) (Steinman et al. 2015, p. 988). Anotherrecent study has identified a 60-year cycle 
separate from the longer-term component of the PDO, also referring to this as the PMO (Chen et 
al.. 2016, p. 319). An additional pattern., the North Pacific G)'!e Oscillation, is associated with 
c,hanges in the alongshore winds that drive upv,elling and appears to complete approximately one 
cycle per decade (Di Lorenzo et aL 2008, pp. 2-3). 

The overall warming projections descnoed above for the listed range of the marbled murrelet 
will be superimposed over the natural climate oscillations. The climate models used to project 
future trends account for naturally oocwring cycles (IPCC 2014, p. 56). Therefore, the projected 
!rend combined with the existing cycles mean that temperatures during a cool phase will ibe less 
cool than they would be without climate change, and warm phases will b.e v,anner. During the 
winter of1014-2015, the climate shifted from a negative cool phase of the PDO to a positive 
wann phase (Peterson et al. 2016, p. 46). Adclitionally, one study predicts that the PMO will 
enter a positive waan phase around the yeM 2025 (Chen et al 2016, p. 322). The phas-es of these 
long-term climate cycles in addition to the projecte.d waxming trend imply that we should e.-q,ect 
sea surface temperatures during the period over fue next couple of decades to be especially 
warm. However, climate change may also alter the patterns of these oscillations, for example, by 
shortening the cycle length of the PDO (Zhang and De]worth 2016, pp. 6007-6008). Many 
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studies of climate effects to marine species and ecosystems use indices of these climate 
oscillations, rather than individuaE climate variables such as sea surface temperature, as their 
measures ofilie climatic state (e_g_ Becker and Beis.senges 2006, P-4 73)_ Therefore, if climate 
factors that 001..•ary with a given oscillation become decoupled, the relationships inferred from 
these studies may no longer be valid in tihe fuhrre. 

Changes in the forest Environment 

Forested habim.ts in the Pacific Northwest are affected by climate change mainly \.'ia changes in 
disturbances, including wildfire, msects, tree diseases_ and drought mortality. These types of 
disturbances can all cau:s.e the loss ofmaroled murrelet nesting habim.t, though it is hoped that 
this loss will ibe offset iby ingrowth as existing mid-sucoessional forest mahrres. following 
stand-replacing disturbances, climate conditions may not allo\v recruitment offue tree species 
that are currently present, leading to eootype change; howeve.r, th.e effect of this lind of ecotype 
change may not directly affect marbl.ed mnrrelet habitat avaifa'bility until many decades in fue 
futme_ 

Historical fire regimes hai.:e varied throughout fue range of the marbled murrel et_ In many of the 
moist forests of western Washington and Oregon, the fire regime has historically been typified 
by large, stand-replacing fires occurring at intervals of200 years or more (Halofsky et al. 201 &i, 
PP- 3-4; Haugo et al 2019, PP- 2-3 ; Long et at 1998, P- 784). Parts of the marbled murrelet 
range in southern Oregon and Cahfomia h,n:e historically hilld fow- and JD.L"{ed-severity fires 
occurring every 35 years or less (H:augo et al_ 2019, pp. 2-3; Penyetal 2011 , p_ 707). Still other 
areas throughout the range histori.cally had miKed severity fires occurnng between 3 S and 200 
years apart (Baugo et aL 2019, pp. 2-3; Peny et al. 2011 , P- 707)_ Within each type of h.i:storical 
fire regime, fire has occurred less frequently during the recent d'ec.ades usuaJly used for statistic.al 
malyses of fu.e ibehavior ,or projections of fuhrre fire than it did historically (Huago et aL 2019, 
PP- 8-9; Littell et aL 2010, p. 150)_ 

Between 1993 and 2012, monitoring based on a database oflarge O ,000 acres or greater) fire 
perimeters detected losses associated wi th \i,-ildfues of22,063 acres ofMaxent-m.odeled high
quality marbled murrelet nesting habitat on federal and non-federal fands in the N\J.IFP area 
(Raphael et al. 2016b, PP- 80-81). fire \vas the leading naturaI c-..ause of ibabitat loss within the 
NWFP area, but this ranking was driven by the 20,235-acr,e loss to fire on federal lands in the 
Klamath Mountains, and fire was fur less important efsewhe,i;e in the range_ Within subregions 
overlapping the listed range ofilie marbled murrelet, the proportion of area c.urrently ''liighl}~ 
suitable" for large fires varies from less than 1 percent in the Coast Range of Oregon and 
Washington to 18 percent in the Klamath Mounm.ins (Davis et al. 2017, p. 179). The fire regime 
in the listed range of the marbled murrelet has historically been sensitive to climate conditions, 
though less so during rec.e:nt decades (Henderson et aL 1989, PP'- 13-19; littell et at 2010, p. 
140; Littell and G,,;ozdz 2011, PP- 130-131; Weisberg and Swanson 2003 , pp. 23-25). South of 
the NWFP are.a, extreme heat and unusual lighlning activity contributed to the 2020 fires th.11t 
burned through much of the n-,maiuing marbled murrelet habitat in central Cailifomia, and these 
conditions were likely caused or exacerbated by climate change (Goss et al 2020, P- 11; Mulkern 
2020, pp. 2, 5-6~ Romps et .aL 2014, P- '853; Temple 2020, p. 2)_ 

'The area burned in th~ range of the marbled murrelet is expected to increase in tihe coming 
decades, but the.re is great uncertainty about the magnitude of the mcre..ase, and it is lilely to 
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aftect some areas more than others {Davis et al 2017, pp. 179-182; Rogers ,et al. 201 l , p. 6; 
Sheehan et al. 2015, p. 25). On forested lands in the Cascades, Coruit Ranges, and Klamath 
Mountains of Washington and Oregon.. the percentage of forested are.a highly suitable for large 
fires is projected to increase from the C-1.ment (less than 1 percent to 18 percent, varying by 
ecoregion) up to betv;.eai 2 and 5 l perc.ent by the late 21st ~ntu:ry, witih much of this increase 
p:rojected to occur afte.T 2050 (Davis et al. 2017, pp. 179-]&l). At the same time, the percentage 
,of forested lands with low suitability for large fue is expected to decrease from the current range 
of2 l to 97 percent to a lower range of 4 to &5 percent, depending on ecoregjon. The incre;ase m 
large fire suitability is expected to have the greatest effect on the Klamath ecor;egi.on and the 
smallest effect on the Coast Ranges, witb Cascades ecoregions falling in between (Davis et al. 
20]7, pp . 181). One study bas classified most of the marbled murrelet range as having low 
vulnerability to fire for the 2020-2050 period, relative to all western forests, but parts of the 
range in southem Oregon and northem California are classified as having medium or high 
1,,11lnerability (Buotte. et al. 2018, pp. 5, 8). A different study found tbat forests west of the 
Cascade Crest are likely to be more •vulnerable other western forests, because they will be 
sensitive to hotteT, drier summers, but will not benefit from increased winter pr~iprtation since 
soils are aJready saturated during winter months (Rogers et al. 201 i , p. 6). Throughout the 
range, the annual number of days with high wildfire potential is expected to ne.a:dy double by 
mid-~ntury (Martmuzzi et al 2019, pp. 3, 6). Fi:re severity is also projected to increase over the 
21 •~ century (Rogers et al .. 201 i , p. 6). 

Two recent studie.s have modeled future fires based on projected climate and vegetation 
characteristics, rather than simply using s1ati-stical projections based ,on past rates ofwildfue. 
One study projected a LS- to 5-fold incrt-.ase m forest fire in westem Washington bel\1,een the 
historical period and the 21st century (Halofsky et al. 201&b, p. 10). The baseline annual 
percentage of area burned was based on information about pre-European settlement fire rotation 
in western Washington, 0.2 to 0.3 percent of the forest land base burned per year, which is a 
much greater annual area burned than we have observed in the recent past. The late 21st-cenhuy 
annual area burned was projected to reach 0.3 to 1.5 percent of the forest land base per year, with 
extreme fire ye.a.rs burning 5 to 30 percent of the forest land base (Halofsky et al. 201 Sb, p. 10). 
The other study projected a 2- to 4-fold inc:re.ase in western Washington and Ore-gon between the 
late 20th century and mid-century (Sheehan et al. 2019, p. 14). This stud11 started with e,:en 
larger baseline annual percentage of area burned, s1arting at 0.47 to 0.56 percent per year in the 
late 20th ceJ1huy and increasing to 1.14 to] .99 percent per year by the mid-21st cenhuy 
(Sheehan et al. 2019, p. 14). In both studies, smaller increases in annual area burned were 
associate-0. ,vith a model assumption that firefighting would continue to be effecti11e. 

Insects and disease were the leading narurn.J cause of marbled m1m elet habitat loss witirin most 
ecoregions within the NWFP area between 1993 and 2012 (Raphael et al 2016b, p. 81). Across 
the NWf P a:re.a, 8,765 acres of Ma.itent-modeled high-quality marbled murrelet habitat were lost 
to insects and disease, with the majority of these on federal lands in Washington. The USfS and 
WD:NR have worl:ed together since 1981 to collect and distribute aerial survey data regarding 
the presenc,e of :insects, dise.ase, and other damage agents in Washington's forests (WDNR and 
USFS 2018) . This dataset indicates th.e identity ofvarious insect and diseas.e problems that have 
been recorded in the current marbled murrelet habitat Douglas-fu beetle (Dendroctonus 
pseudorsugae), "dyinr; hemlock," fir engraver (Scolytus ventralis), spruce aphid (Elatobillm 
abietinum), S\viss needle cast (Phaeocrypropus gaeuma,mil), and western (Lambdina fisceilaria 
lugubrosa) and phantom (NC]J)rfia phantam1aria) hem.lock loopers, [tis likely that various root 
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diseases hai.:e aloo attacked marbled mmrelet habitat, but these are generally classified as bear 
damage during the aerial surveys (Clark et al 2018, p. 31). Root dise.ases that may be present 
include ann.osus (Heterobasidi11m armo.mm), arm.illaria (A.rmillaria ostO)•ae), and black stain 
(LeptograpJ1i11m wagenen) root diseases, as well as laminated (Pllellinus weirii), tomentosus 
(Inonoms tomentoms), and yellow (P,arenniporia subadda) root rots (Goheen and Willhite 
2006, pp. 72-87). 
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Some of these pests, such as S,viss needle cast, are most typically found in younger stands, and 
are more likely to affect the development ,of marbled murrelet habitat over the long term; 
whereas others, such as Douglas-fir beetle, are more likely to attack older free$ (Goheen and 
Willhite 2006, pp. 30. 224). SwiScs needle c..ast typically does not re-SUit in tree mortality 
(Maguire et al. 201 1, pp. 2069-2070), but can affect mixed-species forest st:ands by allowing 
inc:re..ased western hemlock growth in stands where severe S,viss needle cast affects Dougilas-fir 
growth (Zhao et al. 2014, entire). Higher average tempe:rahrre.s, m particular warmer winters, 
and inc:re-ll!sed spring precipitation in the Oregon Coast Range have contributed to an incre.ase in 
the severity and distribution of Swiss needle cast in Dougl.as~fi.r (Stone et at 2008, pp. 171-174; 
Sturrock et al. 2011, p. 138; Zhao et al. 201 1, iP- 1,&76; Lee et al. 2013, pp. 683-685; Rit6kova et 
al. 2016, p. 2). The distribution of Swiss needle cast increased from about 131,087 ac (53,050 ha) 
in 1996 to about 589.840 ac (238,705 ha) of affected trees in 2015 within 31 mi (50 km) oftbe 
coast m fue Oregon Coast Range (Hansen et at 2000, p . 715; Ritokova et al 2016, p. 5). 

Drought has not historically been a major factor in most of the listed range of the marbled 
munelet, becaus.e these forests are not typicallry water limited, especially in Washington and 
northern Oregon (Llttell et al. 2010, p. 139; McKenzie et al. 200l, p. 531; Nemani et al. 2003, iP-
1560). Nonetheless, e,,.ery part of the !listed range has been affected by multi-year drought at 
some point during the 191 S-2014 period, varying geographically from are.as with oocas:ional mild 
tw0- to five-year droughts, to are.as with moderate-severity two- or three-year droughts, to a few 
small areas, all in Washington, that have had at le-ast one extreme three-year drought (Croc.kett 
and Westerling 2018, p. 345). Over the bst few dec-.ades. the number of rainy summer days has 
decre.ased, and the rain-free period has lengthened i.n much of the marbled m11.JTelet ' s listed 
range, especially in Oregon and Washington (Holden et al. 2018, p . 4). In the Pacific Northwest 
generally, drought is associated with Douglas-fir canopy dec!lines that can be observed via 
satellite imagery (Bell et al 2018a, pp. 7-10). In Western Washington, Oregon. and 
Southwestem British Columbia, tree mortality more than doubled (from around 0.5 percent per 
year to more than i percent per year) ,over the 30-yearperiodl between 1975 and 2005, l:il:ely due 
to increasing water stress (1.·an Mantgem et al 2009. pp. 522-523). Tree mortality may be caused 
by warm dry conditions in and of themselves (,..ia xylem failme) or when hot. diy conditions 
compound the effects of insects, dise.ase, and fire. 

Some of the insects and patho,gens already pre.se-nt in marbled mu:r:relet habitat, such as Douglas
fir beetile.s, are likely to become more prevalent and cause greater morta]ity in ihe foture. 
Douglas-fir trees stressed by heat and drought emit ethanol, which attracts Douglas~fir beetles, 
and have lowered chemica] defenses, which is likely to increase the endemic levels of Douglas
fir infestation and could result in higher iP:robability of epidemic :infestation (Agne et al. 2018, p. 
326-327; Bentz et al. 2010, p. 605). Similarlly, higher temperatures as tlte 2 1st century 
progresses will also increase the pote.ntial of spmce beetle (Dendroctanus ruftpemris} outbreaks, 
which require mature spruce forests such as those found ., rithin the range of the marbled mmrelet 
(Bentz et al. 2010, p . 607). There is more tmoertainty ,vithrespect to future levels of infection by 
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Swiss n.eedle cast a disease that that has incre.ased in severity over the past decade (Agn.e et al. 
2018, p. 326). Wann, wet spring we-llither is 1hought to iProvide ideal conditions for Swiss needle 
cast infection, whe1eas warm, dry spring wealhe1 may inhibit the pi!ithogen. Future spring 
weather will be \Varmer, but it is not clear whether it w1ll be wette.r, drieJ, or both (i.e., more 
variab]e), or perhaps current precipitation pattems will continue. Swiss needle cast effects to 
trees appe.ar to be more severe ,during drought conditions, h.owever. Therefore, the worst-case 
scenario for Swiss needle cast would be wann, wet springs foUowed by hot, d1y summers . Swiss 
needle cast :is also expected to spread inland and north to sites wihere fi.mgal growth is curre11tly 
limited by cold winter temperatures (Stone ,et al. 2008, p. 174~ Zhao et al. 2011, p . 1,884; Lee et 
al. 2013, p. 688) . . Future climate conditions are also hypothesized to promote other diseases, 
such as Annillaria root dise.ase. that could affect marbled murrelet habitat (Agne et al. 2018, p. 
326). 

All climate models project increased summer warming for the Pacific North.vest. and most 
project decreased spring snowpack and summer precipitation, resulting in increasing demand on 
smaller amounts of soil water in the forest during the growing season. Forests within the 
marbled murrelet range are expected to experience increasing water deficits over the 21st century 
(McKenzie and Littell 2017, pp. 33-34). Tb.ese deficits will not be uniform, with the California 
and southern Oregon Coast Ranges, Klamath region, e.astem Olympic Peninsula, and parts of the 
Ca'lcades and northern Oregon Coillst Range projected to e:r,.-perience much greater hydrologic.a) 
drought, starting sooner than in oilier places, while there are even projected reductions in ,1.ater 
deficit for some other portions of the Washington Cascades and Olympic M01mtams (McKenzie 
and Llttell 2017, p. 31). Spring droughts, specificmly, are projected to decrease in frequency in 
Washington and most ,of Oregon. but to increase irn frequen.cy in most of California, with some 
uncertainty as to the futme likelihood of spri.ng drought near the Oregon-California border 
(Martinum et al. 2019, iP· 6). The projected future warm, dry conditions sometimes c.ailled 
"hotter drought" or •'climate change.:type drought" in the scientific tite.ratme, are expe.cted to le.ad 
to continued increases in tree mortality. Though. projec.tions of future drought~related tree 
morfality in throughout the h.sted ran.ge of the marbled murrelet are not available, the effects of 
the recent multi-year drought in the Sierra Nevada may pr01.,1ide some oonte:r,.1 about what to 
expect. Drought conditions in California during 2012 through 2015 led to an •order of.magnitude 
incre.ase in tree mortality in Sierra Nei,•ada for;e-sts (Young et al. 2017, p. 83). ~ore mesic 
r,egions., including most are.as of marbled murrelet habitat, are unlikely to have ne.ar-foture 
impacts as ·sever,e as those already seen in the Sierra Nevada. For example, redwood forests in 
northwestern and central California, which include areas of marbled murrelet nesting habitat, are 
more resistant to drought effects than other California forests (Brodrick et al. 2019, pp. 2757-
27 5'&). Howeve.r, extre.me climate conditions are ,eventual1)• likely to further increase drought 
stress and tree mortality, especiall.y since trees in moist fo.rests are unlikely to be well-adapted to 
drought stress (Allen et al. 2010, p. 669; Aillen ,et aL 2015, pp. 19-21; Anderegg ,et al. 2013, p. 
705 ; Crockett and \Ve,5terling 2018, p. 342; Prestem.on and Kmger 2016, p. 262; Vose et al. 
2016, p. 10). 

Blowdov.n is another forecst distudiance that has b.istoricaUy caused extensive stand-rep]acing 
disturbances in the Pacific Northwest. The effect of climate change on biowdown frequency, 
extent, and seventy is unknown, and there are reasons to believe that blowdowns may become 
either more or less frequent or extensive. Blowdown events are often associated with extra
tropi.cal cycl.ones, which are often as.-sociated with amiospheric rivers. Bfowdown is influenced 
by wind speeds and by soil saturation. Hm:ricane-force winds hit the Washington coast 
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approximately every 20 years during the 20th century (Henderson et al. 1989, p. 20). 
Destructive windstorms have occurred in the Pacific Northweshn 1780-1788, 1880, 1895, 192 1, 
1923, 1955, 1961, 1962, 1979, 1981 , 1993, 1995, and2006 (Henderson et al. 1989, p . 20; Mass 
and Dotson 2010, pp. 2500-2504). During the 20th centmy, the events in 1921 , 1962, and 2006 
wei-e particularly e.weme. Although there are some estimates of timber losses from these events, 
there are no readily available estimates of total marbled murrelet habitat loss from particular 
events. In addition to habitat loss from these e,srtreme blowdown events, a smaller amount of 
habitat is lost each year in "endemic" blowdown events. Wind damage may be difficult to detect 
via methods that rely on remotely sensed data (e.g., Raphael et al. 2016b, pp. 80'-81) becaU£e 
much of ihe wind-damaged timber may be salvaged, and therefore appears to have been 
disturbed by haivest rather than wind. Nonethele.ss, between 1993 and 2012, 3,654 ac.res of 
Ma.--..ent-modeled higher suitability nesting habitat loss was detected via remote sensing and 
attributed to blowdown or other natural, non-fire, non-insect disturbances (Raphael et al 2016b, 
pp. 80-81). Nearly all of the habitat loss in this category affected federal lands in Washi:ngton. 

Because we did not locate any studies attempting to project marbled murrelet habimt loss to 
blowdown into the future, we looked to studies regarding th.e conditions associated with 
blowdown: wmd, rain, and landscape c.onfiguration. There are indicati.011,s that average wind 
speeds over lhe Pacific Northwe.st have declined since 1950, and average wind speeds are 
projected in most climate models to decline further iby the 2080s (Luce et ai. 2013, pp. 1361-
1362). However, it is not clear bow average wind speeds might be related to blowdown since 
blowdown events usually happen during extreme wind events. Extrem.e extra-tropical cyclones 
are expected to become less frequent in the Northem Hemisphere in general, and perhaps along 
the Pacific Northwest coastline in particular, but these predictions invoh;e many uncertainties. 
Different models show local increases in stoJDl frequency in different places (Catto et al. 2011, 
pp. 5344-5345). Also, h.ow "extreme"' events are categorized differs behveen stndie&, and the 
results vary depending on ,,,hat definiti.on of "extreme" is used (Catto et al. 2001, p. 5148; 
Ulbrich et al. 2009, p. 127). One recent model projects no change in the ,extreme groimd-level 
winds most likeiy to damage nesting habitat, and an increase in the frequency ofe,-:treme high
altitude winds (Chang 2018, pp . 6531, 6539). Atmospheric rivers are e]..-pected to become wetter 
and probably more frequent The frequeDCy of atmospheric river days is expected to incniase by 
50 to around 500 percent over the 21st century, depending on latitude and season (Gao et al. 
2015, p. 7182; Warner and Mass 2017, p. 2135), though some models project up to an 18 percent 
decrea!";e iI1 frequency for either the northern o.r the southern end of the listed range (Payne and 
Magnusdottir 2015, p. 11,184). The most extreme precipitation events ar•e e].l)ected to be 
between 19 and 40 percent wetter, with the largest increases along the northern California coast 
(Warner et al. 2015, p. 123). H increased rain ccauses greater soil saturation, it is easi1~1 
c.onceivable that blowdown would become h.kely at lower wind speeds than would be needed to 
cause blowdown in less saturated condi.tiom, but we did not find sludies addressing this 
relationship. Sinoe blowdown is more likely at forest edges, increa~.ed fragmentation may lead to 
more blowdown for the same wind speed and amount of soil satura,tion. The proportion of 
Ma.xent-modeled higher suitability nesting habitat located along fores1 edges in.creased beh\·een 
1993 and 2012, and now makes up the majority of habitat in the NWFP area (Raphael et al. 
2016b, p. 77). Some forested areas within the range may become less fragmented over the next 
30 years, as conservation plaru such as the NWFP continue to all.ow for forest growth; other 
areas may become more fragmented due to harvest, development, or the forest disturt>ances 
discussed above. Thus, the amount ofmarbled murrelet habilat likely to be lost to blowdown 
over the ne..~t 30 years is highly Ullcertrin. 
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S}nergistic effects behvee.n drought, dise.ase, fire, and/or blowdown are likely to occur to some 
e.xtent and could become widespread. If large increases in mortality do occur, interactions 
behveen these agents are likely to be involved (Halofsky et al 2018a, pp. 4-5). The large recent 
incre.ase in tree mortality in the Sierra )l'evada has been caused in large part due to these kinds of 
synergistic interactions. As noted above, range of the marbled murrelet is unlikely to be as 
severely affecred and severe effects are likely to happen later in time here than drier forests 
(where such effects are already occurring). !In fact, one study rates much ,of the range as having 
low vulnerability, relative to other western forests, to drought or fire effects by 2049 (Buotte et 
al. 201 &, p. 8). However, that study and Dlllny other studie.s do indicate ilhat there is a risk ofone 
or more of these factors acting to cause the loss of some amount of marbled murrelet habitat over 
the next 30 years. 

!In addition to habitat loss resulting from forest dishnbances at the scale of a stand or patch, 
habitat features may be altered as a result of climate change. For example, epiphyte cover on 
tree branches may change as a result of the warmer, drier summers projected for the future 
(Aubrey et al. 2013, p. 743). Cl.imate-re1ate4. changes in epiphyte oover will be .additive or 
synergistic to changes in epiphyte cover resulting from the creation of forest edges through 
timber fouvest (Van Rooyen et al 2011, pp. 555-556). Epiphyte coveT is assumed to have 
decre.ased throughout the listed range as the proportion of suitabl.e habitat in edge condition has 
incre.ase.d (USF\VS 2019, p. 34), and as epiphyte cover decrecases further, nest sites will become 
le~ available even in otherwise appa1endy suitable habimt 

!In SUlllillaI)', forest distmbances, including wild.fire, insect damage, disease, drought mortality, 
and windthrow, are likely to continue to remove marbled mmrelet nesting habitat, and many of 
these di~turbanoes are !likeJy to remove increasing amounts of habitat in the future. The •effects 
of e.ach type of distmbance are likely to be variable in different parts of the range, with wildfire 
affecting the Klamath Mountains far more than other parts of the range, and insect and dise.ase 
damage largely focmed m Washington. The magnitude of fnture increase; is highly tmoertain, 
and it is unde.ar whethex windthrow ,i.·ill increase, decrease, or remain constant Habitat not lost 
to disturbance may nonetheless be affected by climate change, as particular habitat features may 
be lost. The effects of habitat loss and fue loss of habitat features will reduce the availability of 
nesting habitat, which will reduce ilhe potential for marbled murrelet reproduction. 

Chan.e:es in the :Marine Environment 

Changes in the climate, ind ucting temperature changes, precipitation changes, and the rele.ase of 
carbon dioxide into the almosphere, affect the physic.al. properties of the marine environment, 
including water circulation. oxygen content, acidity, and nutrient availability. These changes, in 
tum, affect organisms throughout the marine food web. For top predators like the marbled 
munelet, Prey abtmdance, quality, and availability are all likely to be affec-ted iby climate change. 
Climate change is also likely to change the marbled murrelet 's level of exposure to toxic 
chemicals and potentially to disease agents. All of ilhese changes are likely to alter the 
re.production and sunrival of individual marbled murrelets. 

Marine waters within the range of the marbled mmrelet have wanned, as note.d above. This 
wanning involves not only a grndual incre.1se in average temperatures, but also extreme marine 
hea1waves, which have dramatic effects on marine ecosystems. Prec~ding the development of El 
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Niiio conditions in 2015, a rise in sea swface temperatures in the Gulf of Alash occurred in late 
2013, likely due to a shift m wind patterns, iacl of winter storms, and an increase in sea-level 
pre.ssure (Bond et al. 2015, p. 3414; Leising et al .. 2015, pp. 36, 38, 61). This warm water 
anomaly e..icpanded southward in 2014, with furlhe.r warming along the California Cuuent in 
20LS, and then merged with another anomaly that developed off Baja California, becoming the 
highest sea surface temperature anomaly observed sinoe 1982 when me.isuremenls began 
~S 2016, p. 5). These anomalies became known as "the Blob" (Bond et al. 2015, p. 3414) 
and helped to compress the zone of cold upwelled waters to thenearshore ~S 2016, p. 7) . 
During the late summer of 2019, a new marine heatwave began developing, and is CWTently on a 
trajeoto1y to be as extreme as the 2014-2015 "'"Blob" (NMFS 2019). 

The marine portion of the listed range of the marbled murrelet is located along the California 
Current and e.stuary systems (mcluding the Salish Sea) adjacent to it. The California Current is 
strongly influenced by upwelling, in which water rises from th.e deep ace.an to the surface. 
Upwelling along the west c.oast leads to an infiux of cold waters rich in nutrients such. as nitrate.s, 
phosphates, and silicates, but that are also acidic (due to high dis!'.olved carbon dioxide content) 
and low in dissolved oxygen (Johannessen et al. 2014, p. 220; Kre.mbs 2012, p. 109; Riche et al. 
2014, pp. 45-46, 4S; Sutton et al. 2013, p. 7191). Changes in upwelling are hkely to occur, and 
to influence the ecosystem components most important to mlllbled murrelets. If changes in 
upwelling occur along the ,outer coast of Washington, the-se changes will also affect the 
interchange of waters through the Strait of Juan de Fuca (Babson et al. 2006, p. 30; Newton et al. 
2003, p. 718). It has been hypothesiz.ed that as climate change accentuates greater wanning of 
air over land areas than of air ,over the ocean, alongshore winds will intensify. which will .lead to 
an increase in upwelling (Baktm 1990, entire). Historica3.I records show that these winds have 
intensified over the past several decades (Bylhower et al. 2013, p. 2572; Garcia-Reyes and 
largier 2010, p. 6; Sydeman el al. 2014, p. 78-79; Taboada et aL 2019, p. 95; Wang et al. 2015, 
pp. 390-391). Projections for future changes in upweJJing offer some support for this hypothes is., 
but are more equivocal (Fore.man et al. 20! l , p. 10; Moore et al. 201:5, p. 5; Mote and ~antua 
2002, p. 53-3; Rykaczewski et al. 2015, iPP-6426-6427; Wang et al. 2010, pp. 263, 265). Some 
studies indicate a trend toward a later, shorter (hut in some cases, more intense) upwelling 
season, though al the southem end of the range the season may be lengthening (Bograd et al 
2009, pp. 2-3; Bylhower et al 20B, p. 2572; Diffenbaugh et al. 2004, p. 30; Foreman et al. 
2011, p. 8; Garcia-Reyes and Largier 2010, p. 6). Trends and projections for the future of 
upwelling in the California Current may be so variable because upwelling is inherently difficult 
to model, or because upwelling in this region is heavily influenced by climate cyde.s such as the 
NPGO, PDO, and ENSO (Macias et al. 2012, pp. 4-5; Taboada et al .. 2019, iP- 95; Wang et al. 
2015, p. 391). 

Regardless of potential changes in the timing or intensity of upwelling, the dissolved oxygen 
content of the waters in the listed range is expected to decrease. The solubil~ty of oxygen in 
water decreases with increasing temperature, so as the climate becomes warmer, the di$solved 
oxygen content of the marine environment is expected to deae.ase (IPCC 2014, p. 62; Mauger et 
al. 2015, pp. 7-3, 7-8). The oxygen content in the North Pacific Ocean has declined significantly 
since measttTemenls began in 1987 (Whitney et al. 2007, p. 184), and this decline is projected to 
continue (\Vhimey et al 2013. p. 2104). Hypoxic and anoxic events, in. which the lack of 
dissolved oxygen creates a dead zone, have ocnured in Puget Solllld and along th.e outer coasts 
of Washington and Oregon (PSEMP Marine Waters Work group 2017, p. 22 ; PSEMP Marine 
Waters Worl:group 2016, p. 15; Oregon State University 2017, entiie). Th.e.se de.ad .zone.shave 
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expanded into shallower depths and areas closer to shore, and impacts are expected to i11cre:ase 
rapidly (Chan et aL 201·6, p. 4; Somero et al. 201-6, p. 15). If upwelling does increase in 
intem.ity, the effect would likel}' be to further reduce lhe o:i.,'ge11 oontent ofnearshore waters, but 
the.se changes are not likely to be c.onsistent throughout the region or throughout the year. 
Changes in oxygen content, or in the timing oflow-oxygen periods, may have important 
biological consequences (see below). Oxygen content also responds to biologic-.al activity. In 
addition to d imate change-induced effects, some locations will likel11 experience reductions in 
oxygen content stemming from biol.ogical responses to eutrophication in areas that receive (and 
do not quiclJ~• flush) nutrient inputs from humm ac.tiviti.es (C-0pe and Roberts 2013, pp. 20-23; 
~ackas and Harrison 1997, p. 14; Roberts et al. 2014, pp. 103-104, 108; Sutton et al. 2013, p. 
7191). 

Similarly, acidillcation of waters in th.e ]isted range is expected to increase, regardless of any 
changes in upwelling. Acidific-ation results when cmbon dioxide in the air dis-solves in surface 
wa,ter, and is the direct consequence of incre.asing c.arbon dioxide emissions (IPCC 20]4, pp. 41, 
49). Marine waters are projected to continue becoming more acidic, and ocean acidification is 
now expected to be irreversible at human-relevant timescales (IPCC 2014, pp. 8-9, 49; IPCC 
2019, pp. 1-4, 1-7, 1-14). Both the surface and upwelied waters of North Pacific Oce.m have 
beoome more acidic due to carbon dioxide emissions (Feely et aL 2008, pp. 149]-1492, Murray 
et aL 2015, pp. 962-963), and this trend is expected to continue (Byrne et aL 2010, p. L02601; 
Feely et al. 2009, pp. 40-46). These waters also contribute to acidification Conservation Zone 1 
as they flow in through the Strait of Juan de Fuca (Feely et al. 2010, p. 446, ~ wray et al. 2015, 
p. 961). Any in.crease in upwelling intensity or changes m seasonality would respeeti.ve]y 
incre.ase acidific.ation or change lib.e timing of pH changes in the marbled mmrelet range. It is 
tmknown whether regional carbon dioxide emissions cause additional localized ac:ictific-.ation 
within particular parts of the range (Newton et al. 2012, p. 36), but it is likely th.at other products 
of fossil fuel combustion, such as sulfuric acid, do contribute (Doney et al 2007, pp. 14582-
14583). Linked to reductions in dissolved oxygen (Riche et al. 2014, p. 49), acirufication has 
important biological consequences (see below), and also responds to biologi.cal activity. For 
e.xrunple, local areas ofeutrophication are likely to ,e.xperience additiona] acidification beyond 
fuat caused directly or indirectly by carbon dioxide e.missi.ons (Newton et al 2012, pp. 32-33). 

Sea level ri.se is also expected to affect the listed range of the marbled murrelet_ Sea level rise is 
a consequence of the melting of glaciers and ice sheets combined with the expansion oflvater as 
it waans (IPCC 2014, iP-42). At regional and local scales, numerous factors affect sea level rise., 
including ocean currents, wind patterns, and plate tectonics (Mauger et al. 2015, p. 4-1; 
Dahjmple 2012, p. 81 ; iPetersen et al. 2015, p. 21) . Sea level is rising at most coastal locations 
in the action area (Mauger et al. 2015, p. 4-2; Dahymple 2012, pp. 79-8] ; Shaw et al. 1998, p. 
37). These inc.ceases in se.a level are likely to continue and may accelerate in the near future 
(Bromirski et al 2011, p;p. 9-10; Dalrymple 2012, pp. 71 , 102; Mauger e-t al 2015, pp. 4-3 -4-5; 
~ote et al 2008, p. 10; Petersen et al. 2015, pp. 21, 29. and Appendix D). However, in some 
places, such as Ne.ah Bay, Washington. plate tectonics are c.ausing upward land movement that is 
currently onlpacing sea level rise (Dalrymple 2012, p. 80; Mo11tillet et al. 2018, p. 1204~ 11:ote et 
al. 2008, pp. 7-8; Petersen et al. 2015, pp 24-26). In other pfaces, sea-level rise is e,'(,pecied to 
have consequences for near-shore ecosystems (see below). 
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Physical Cih.1.n2es. Specific to Consenmtion Zone 1 

Conservation Zone 1 will be affected iby changes in upwelling, dissoived oxygen content,. and 
acidificati.on discu&,sed above, but these effects are expected to vary, both beh,;·een Conservation 
Zone 1 and the other Zones, and ,vithin Zone 1, based on the e~xchange of waters through the 
Strait of Juan de Fuca and water circulation patterns within Zone 1. These water circulation 
patterns, in and of them&elves, are expected to be affected by climate change. The compie......ity of 
the physical environment within Zone 1 can make some climate change effects difficul!t to 
predict 

Changes in temperahrre and th.e seasonality of precipitation over land affect the fresh\vater 
inflows to Con-se:rvation Zone E. Spring and summer freshwater inflows are expected to be 
wanner and reduced in volume, whereas winter f:reshv.·ater inflows are expected to .increase (Lee 
and HamJet 201 i , p. 110; Mauger et al 2015, p. 3-8; Moore et al. 2015, p. 6; Mote et al. 2003, p. 
56). M.any watersheds draining to the Salish Sea have historically been fed by a mix. ofrain and 
snowmelt, but are expected to be increasingly dominated by rainfall, which will cause the timing 
of peak flows to shift from spring to 1,vinter (Elsner et al. 20]0, pp. 248-249; Hamlet et al. 2001, 
pp. 9-1 1; Hll!Dl]et et al 2013 , pp. 401-404; Mauger et at 2015, pp. 3-4- 3-5). With winter 
warming and incre.ases in ihe.avy rainfall events, filooding has increased, and this inc:re.a!".e is 
expected to continue (Hamlet and Lettenmaier 2007, pp. 25-16; Lee and Hamlet 2011, p. 113; 
Mauger et al. 2015, pp. 3-6 - 3-7) . Increased winter freshwater inflows, in combination with 
melting glaciers, are e}..1>ecte.d to brin.g increased sediments to ihe mouths of rivers; however, rt is 
micertain whether these sediments are more likely to enter the marine waters ,or to be deposited 
in estuaries (Czuba et al. 2011, p . 2; Lee and Hamlet 2011, pp. 129-B4; Mange;r et al 2015, pp. 
5-7 - S-10). 

These changes in seasonal freshwater inflows are expected to alter water circulation and 
stratification witb.m. Conservation Zone 1, and to affect the rate and timing of exchange of waters 
through the Strait ofJuan de Fuca between the Puget Sotmd and the North Pacific Ocean 
(Babson et al 2006, pp. 29-30; MacCreacfy and Banas 2016. p. 13; Mauger et al. 2015, p. ·6-2. 
iR.icb.e et al. 2014, pp. 37-39. 44-45, 49-50). This exchange occurs in ti;rn layers. ,vith fresb water 
at fue surface flowing t0'\•1,ard the ocean, and den£er, saltier ooean waters flowing from the ocean 
at gre.ate.r depths (Babson et al. 2006, p. 30). With the projected changes in timing of freshwater 
inflows, the rate of exchange is expeded to increase during winter and decrease dming summer 
(Mauger et al. 2015, iPP- 6-2 - 6-3). The effect ofchainges in freshwater inflow on stratific.ation 
is likely to vmy by location within the action area, with greater potential for effed in. for 
example, southern Puget Sound th.an in well~mixed channels like Admiralty Inlet and Dana 
Passage (Newton et al. 2003, iP- 721). 

When hypoxic (low di&,solved o-::-.ygen) events occur in the waters of Zone 2, these waters also 
flow into the inland waters ofConseiYation Zone 1, driving down the oxygen content there as 
well, although the.re is considerable variation over tim.e, space., and depth, due to pattems of 
circu]ation and mi~ng within the Salish Sea (Bassin et al. 2011 , Section 3.2; Johannessen et aL 
2014. pp. 214-220). For example, Hood Canal is particularty susceptible to hypoxic oonditions, 
partly because circulation of water th.rough Hood Canal is slow (Babson et al. 2006. p. 30), 
whereas the vigorous tidal currents in Haro Strait a!Uow for the mi:._.,_ing of o:>..1 gen-ricih surface 
water ithroughout the water column (.fohannessen et al 2014, p. 216). Incre.ased stratification, as 
is expected during winte:r nrith the larger freshwater inflows. can lead to hypoxic conditions in 
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de.eper waters (Mauger et al. 2015, p. 6-3; Whitney et al 2007, p. 189). On the other hand, 
we.al.er stratification, as expected in the summer, may decrease the probability of low oxygen 
due to greater mixing, or increase the probability oflow oxygen due to slower circulation 
~ecwton et al 2003, p. 725). 

Priin :u·~-Pl'oducthiry - Changes in temperature, carbon dioxide. and nutrient le\'els are likely to 
affect primal)' productivity by phytoplankton, macmalgae, kelp, eelgrass, and other marine 
photosynthes izers (IPCC 2019, p. 5-72; Mauger et al. 2015, p. 11-5). In general, wanner 
temperatures. higher carbon dioxide concentrations, and higher nutrient levels lead to gre.1ter 
productivity (Gao and Campbell 2014, pp. 451, 454; Nagelkerken and Connell 2015, p. 13273; 
Newton and Van Voorhis 2002, p. 10; Roberts et al. 2014, pp. H , 22, 108; Thom 1996, pp. 386~ 
387), but these effects \'RI)' by spec.ies and. other envirollDlental conditions, such as sunlight 
l.evels or the ratios of different n.utrients (Gao and Campbell 2014, pp. 451, 454; Krembs 2012, p. 
109; Kroeker et al. 2013, p. ]889; Low-Decarie et al. 2011, p. 2530). In partirular. 
phytoplankton species that form calcium carbonate shells, such. as cocoolithophores, show 
weaker sheU formation and alter their physiology in response to acidification, and are expected 
to decline in ab1m.dance with continued acidification (Feely et al. 2004, pp. 365-365; IPCC 2019, 
p. 5-62; Kendall 2015, pp. 26-46}. Due to changes in the seasonality ofoutrient flows associated 
with upwelling; and freshwater inputs, there may also ibe alterations in the timing, location, and 
species composition ofburs1s of primary productivity, for example, earlier phytoplankton 
blooms (AlleJl and Wolfe 2013 , pp. 6, 8-9; MacCready and Banas 2016, p. 17; M.auger et aL 
2015, p. 6-3). Changes in primary productivity may not occur in eve1y :season; for example, 
during winter, sunlight is the major limiting factor through most of Conservation Zone l 
~ewton and Van Voorhis 2002, pp. 9, 12), and it is not clear whether winter sunlight is likely to 
change with climate change. ~odels project reductions in overall annual marine .a.et primary 
pmductivity m the ·world's oceans during the 21" century, treJ1ds will vary across the listed 
mll:Ibied mrurelet range, with decreases at fue southern end of the range and incre.ases at the 
northern end(IPCC 2019, pp. 5-31, 5-38). Changes in primary productivity are also likely to 
vary at smaller scales, even within a Cons.en..ation Zone; for e.-::ample, primary producti\!ify in 
Possession Sound is more sensitive to nutrient inputs than oilier areas within Puget Sound 
~ewton and Van Voorhis 2002, pp. 10-11). In sum, in addition to localized incre.ases and 
deae.ases in productivity, we expect changes in the timing, loc.ation, and species dominance of 
primary pro<luc-ers. 

Eelgrass (Zostera marina) .is a particularly important primary producer in some parts of the 
range. In so.me areas. such as Padilla Bay in Zone l , sea level rise is expected to lead to larger 
areas of suitable depth for eelgrass meadows. In such Me.as, eelgrass cover, biomas:s, and net 
primary production are projected to increase during the next 20 years (Kairis 2008, pp. 92-102), 
but these effects will depend on the 01ment and future topography of the tidal flats in a given 
area. In addition, increasing dissolved carbon dioxide concentrations are associated ,,,;th 
incre.ased eelgrass photosynthetic rates and resistance to dise.ase (Groner et al. 2018, P- 18.07; 
Short and Neckles 1999, pp. 184-186; Thom 1996, PP-385-386). However, increasing 
temperatures are not l.ike]y to be beneficial for eelgrass, and in combination with increased 
nutrients. could favor algal competitors (Short and Neckles 1999, pp. 172, 174; Thom et al. 
2014, P- 4). Changes in upwelling are likely to influence eelgrass productivity and competitive 
interactions in small estuaries along the California Current (Hayduk et al. 2019, pp. 112&-l lJ]). 
Between 1999 and 2013, eelgrass gr°',;thrates in Sequim Bay and Willapa Bay increased, hut at 
a site in central Puget So1md, shoot density over a similar time period was too variable to detect 
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trends (fhom ,et aL 2014, pp. 5-6). Taken together, these studies indicate that climate change 
may benefit eelgrass over the commg decades, bn1 these benefits may be limited to specific 
areas, and negative effects may dominate in other areas (Thom et al. 2014, pp. 7-9). 

Kelp forests also make important oon:lnl JUtions to primary productivity in some pans of the 
nm§e. Lile eelgrass, bull ke]p (Nereocysti:S luetkeana) responds to higher carbon dioxide 
concentrations with greater productivity (Thom 1996, pp. 385-386). On the other hand, ikel;p 
forests are sensitive to high temperatures (IPOC 2019, p. 5-72), and wamring waters (among 
other factors) have reduced the range of giant kelip (Macrocyms pyrifera [Agardh]) (Edwards 
and Estes 2006, PiP- 79, 85; ling 2-008, p. 892). In central and northern California, kelp forests 
have declined, but not along Oregon, Washington, and Vancouver Island (Knnnhansl et al. 2016, 
p. B787; Wemberg et al. 2019. p. -69). Along Washington's outer coast and the Strait of Juan de 
Fuca, bull kelp and giant kelp c.anopy area did not change substantiall~• over the 20m oentury, 
though a few kelp beds have been lost (Pfister et al. 2018, pp. 1527-1528). In southern Puget 
Sound, bull kelp declines -,...-ere observed betiseen 2013 and 2017-2018, like]y .resulting from 
incre.asing temperah:rre along with decreasing nutrient concentrations, suspended sediment, and 
the presen.ce of parasites and herbivores (Beny et al. 2019, p. 43). In northern California, a 
severe decline in bull kelp oocurred in conjunction with the marine heatwave of2014 and 2015, 
though a number of other eoological factors were involved (Catton et al 2019, emire). In central 
California, trends in giant kelp biomass are related to climate cycles such as the WGO, making 
the effect of climate change difficult to detect (Eell et al. 2018b, p. 11). It is uncle.an\'hat th.e 
future effects or climate change will be on .kelp in the listed range of the marbled murrelet 

In oontrast, mcreaS-es in harmful algal blooms (also known as red tides or toxic algae) have been 
documented over the past several decades, and these changes. are at least partly due to climate 
change (IPCC 2019, pp. 5-85 - 5-86; Trainer et al. 2003, pp. 216, 222). Future conditions are 
projected to favor higher grov.1h rates and longer bloom seasons for these species. In the c-.ase of 
one species, Alexandrium catanella, increases in the length of bloom season are projected 
primarily due to incre.a~s in sea smfaoe temperature (Moore et al. 2015, pp. 7-9). As with other 
climate change effects discussed above, incre.ases in the length of the toxic algae bloom season is 
likely to vary across the listed range. Even ,-..·ithin Zone 1, in the eastern end of the Strait of Juan 
de Fuca and the inlets of south.em Puget Sound, the A. caimiella bloom season is projected to 
inc_r;eas.e by 30 days per year by 2069, in contrast with \Vhidbey basin, where little or no change 
in season length is projected 0,1oore et al. 2015, iP- 8). In another genus toxic algae, Pseudo
nitzschia, toxin concentrations increase with increasing acidi.fic-.alion of ihe water, especially in 
conditions in which silicic acid (used to constmct the algal cell walls) or phosphate is limiting 
(Bnmson ,et al. 2018, p . 1; Tatters et at 2012, pp. 2-3). The.se and many othes harmful alga 
species also exluoit higher growth rates with higher carbon dioxide concentrations (Brandenburg 
et al. 20]9, p. 4; Tatters et al. 2012, pp. 3-4). During and following the marine heatwave in 
2015, an especially large and long-lasting outbreak of Pseudo-11itzscJ1ia species stretched from 
southern California to the Aleutian lsland-s and persi.sted from May to October, raiher than the 
typic-.al span or a few wee.ks (Du et al .. 2016, iPP- 2-3; National Ocean Seivice 2016; NOAA 
Climate 2015, p. l). This harmful algal ibloom produced extremely high concentrations ortoxic 
domoic acid, including the highest ever recorded in Monterey Bay, California (NOAA Climate 
201 S, p. 2~ Ryan et al. 2017, p. 5575). With future climate change, toxic algae blooms are likely 
to ibe more frequent than in the past. and the larger, more toxic event of 2015 may become more 
typical (McCabe et al. 2016, p. ]0374). 
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Higher Trophic Len is - There are several path.ways by which climate change may affect 
species at higher trophic levels (i.e, consumers, including marble.d. murrelets and their prey). 
Changing physical conditions, such as increasing temperatures, hypoxia, or acidification will 
have direct effect<; on some species. Other consumers will be affected via changes in the 
abimdance. distribution, or other characteristics of their competito.rs or piey species. Changes in 
the timing of seasonal e\lents may lead to mismatche-S in the liming of consumen' life history 
require:me.nts wilh their habitat conditions (including prey availabfili1y as well as physical 
conditions) (Mackas et al. 2007, p. 249). The combination o-fthese effects is likely to cause 
changes in comm.unity dynamics (e.g. competitive interactions, predator-prey relationships, etc.), 
but the magnitude of these effects cannot be predicted with confidence (Busch et al. 2013, pp. 
827- '831). 

A wide variety o-fmarine species are directly affected by ocean acidification. Like their 
phytoplankton counterparts, forami.niferans and othe,r planktonic consumers that form calcium 
carbonate shells are less able to form. and maintain their shells in acidified waters (Feely et al. 
2004, pp. 3 56-366). Similarly , chemical changes associated with acidification interfere with 
shell development or maintenance in pteropods (se.a snails) and marine bivalves (Busch et al. 
2014, pp. 5, 8; Waldbus.ser et al. 20]5, pp. 273-278). These effects on bivalves can be 
exacerbated by hypoxic conditions (Gobler et al. 2014, p. 5), or ameliorated by very high or low 
temperatures (Kroeker et al. 2014, pp. 4-5), so it is not d ear what the effect is lil.ely to be in a 
future that includes acidi.fic.ation., hypoxia, and elevated tempe.ratures. Acidification affects 
c.rustaceans, for e.'IBillple, slowing growth and development in Pacific krill (Eupliausia pacifica) 
and Dungeness crabs (Cancer magister) (Cooper et al .. 2016, p. 4; Mll la et al. 2016, pp. 118-
119). fis.b., including marbled murrelet prey rockfish species (Sebastes spp.) and Pacific herring 
(Cbrpea pallasi1), are also negatively affected by acidification. Depending on species, life stage. 
and other factors such as warming and hypoxia, th.ese effects include embryo mortality, delayed 
batching, reduced growth rates, reduced metabolic rates, altered sen.sory perception., and changes 
in behavior, among ofuer effects (Baumann 2019, en tire; Hamilton et al. 2014, -entire; 
NageJked:en and Munday 2016. entire; Ou et al 2015, pp. 951, 95-4; Villalobos 2018, p. 18). 

Clim.ate effects are expected to alter interactions ,,.,;thin the marine food web. When prey items 
decre.ase in abmidance, their consumers are also expected to decrease, and this c.an also ere.ate 
opportunities for other species to incre.ase. In California's Farallon Islands., the recently 
incre.asing variance of climate drivers is leading to increased variability in abtu1danoe of prey 
species -,uch as euphausiids and juvenile roddish, associated with corresponding variability in 
the demography of predators such as seabirds and salmon (Sydeman et al. 2013, pp. 1662, 1667-
1672). In future sce.narios with strong acidi.fic.ation effects to be.nthic prey in th.e California 
Current,, e.uphau:siids and several fah species are e::<.'Pected to decline, while other species are 
expected to increase (Kaplan et al. 2010, pp. 1973-1976). An investigation of the planktonic 
food web o-ff of Oregon shows that sea surface temperature has contrasting effects on different 
types ofzooplanl1on, and competitive interactions are much more prevalent during warm phases 
of ENSO or PDO than during cool phases (Francis et aL 2012, pp. 2502, 2505-2506). A food 
web model of Puget Sound shows that moderate or strong acidification effects to calcifying 
species are e.-...pected to result in reductions in. fisheries yield for several species, including 
salmon and Pacific heaing, and increased yield for others (Busch et al. 2013, pp. 82 7-829). 
Additionally, tb.e same model shows that these ocean acidification effects are expected to cause 
reductions in forage fish bioma,;s, which are in. turn expected to lead to reductions in diving bird 
biomass (Busch et at 2013, p. 829). While Busch and coauthors (2013, p. 831) ex.pFess 
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confidence that this model is accmate in terms of the nature of ocean acidification effects to the 
Puget Sotmd food web of the filture , they are carefttl to note that there is a great deal of 
uncertainty when it comes to the magnitude of the changes. The model also illustrates that some 
of the effects to the food web will daimpen or make up for other effects to the food ,,.·eb, so that 
changes in abundance of a given prey species will not always correspond directly to changes in 
the abtmdance of their consumers (Bus.ch et al 2013, pp. 827, 830). 

Changes in seasonality at Jo,1.-er trophic levels may lead to changes in population dynamics or in 
interactions between species at higher trophic levels. In central and northern California, 
reproductive timing and success ,of common mtmes (Uria aalge) and Cassin 's atlklets 
(Ptychoramplws aleutict1s) are related to not only the strength but also th.e seasonal timing of 
upwelling. as are growth rates of Sebasres species (Black et ai 2011, p. 2540; Holt and Mantua 
2009, pp. 296-297; Schroeder et al. 2009, p. 2n). At the northern end of the California Current, 
Triangle lsJand m British Columbia, Cassin's auk.let breeding succ<"ss is reduced during yems 
when the pe.ak in cope.pod prey availability comes earlier than the birds ' batch date, and this 
mismatch is associated with waan sea surface temperatures (Bertram et al. 2009, pp. 206-207~ 
Hipfner 200&, p;p. 298-302). However, piscivorous se.abirds (tufted puffins [Fratercula 
cirrltara], rhinoceros auklets [Cerorhinca monocerara], and common murres) breeding at the 
same Triangle Island site have, at least to some extent, been able to adjust their breeding dates 
according to ocean conditions (Bertram et al. 2001, pp. 292-293; Gjerdrum et al. 2003, p. 9379), 
as have Cassin 's auklets breeding in the Farallon Islands of California (Abraham and Sydeman 
2004, p. 240). Because of the changes in tufted puffin, rhinoceros auklet, and common murre 
hatch dates at Triangle Island, the breeding periods of these species have converged to 
substantially overlap with one anoth.er and with that ofCas-sin's auklet (Bertram et al. 2001, pp. 
293-294), but studies have not addressed whether this oi.•edap has consequences for competitive 
interactions among the four species. Note that all four of these bird species are in the family 
Alcidae, which also contains marbled murrelets. All these species also breed and forage within 
the listed range of the marbled murrelet. 

S.evernl sfu.die-s ha,re suggested that climate change i~ one of several factors allowing jellyfish to 
increase their ecoiogical dominance, at the expense of forage fish (Parsons and Lalli 2002, pp. 
117-118; l\m:ell et al. 2007, pp. 154, ]63, 167-168; Richardson et al. 2009, pp. 314-216). :Many 
(though not all) species of jellyfish incre.ase in abundance and reproductive rate in response to 
ocean wanning, and jellyfish are also more tolerant of hypoxic conditions than fish are (Purcell 
2005, p. 472; Purcell et al. 2007, pp. 160, 163 ; see Suchman et al. 2012, pp. 119-120 for a 
~ ortheastem Pacific countere.-ii:ample). llelliy:iish may a]so be more tolerant of acidification @J.an 
fish are (Atrill et al. 1007, p. 483 ; Lesniowski et al 2015, p. 1380). ]n the California Current, 
jellyfish populations appear to be increasing, but nearshore areas are likely to be susceptible to 
being dominated by jellyfish, rather than forage fish (Schnedler-Meyer et al. 2016, p. 4). 
Jellyfish abundance in soufuem and central Puget Sotmd has increased ,;inc<" the I 970s (Greene 
et al. 2015, p. 164). Overthe same time period, herring abtmdance has decreased in south and 
central Puget Sound, and surf smelt (Jlypome.sus pretiostts) ab1mdance has also de.creased in 
south Puget Soun~, although other ~uget Sotmd forage fish populations have been stable or 
increasing (Greene et al. 20] 5, pp. 160-162). f orage fish abundance and jellyfish abundance 
were negatively oorrelated ,,.-ithin Puget Sound and Rosario Strait (Greene et al 2015, p. 164). 
In the northem California Current, large jellyfish and forage fish ha\'e similar diet c.omposition 
and likely compete for prey, in addition to the two groups ' contrasting re.sp-0nses to climate and 
other anthropogenic factors (Brodeur et ai. 2008, p. 654; Brodeur et al 2014, pp. 177-179). 
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Many species of forage fish are expected to fare poorly in lhe changing climate, regardless of 
any competitive effects of jellyfish. Norlh of the listed .range, in th.e Gulf of Alaska, Anderson 
and Piatt (1999, pp. 119-120) documented the crash ofcape]in (},Jallotus villosus), Pacific 
herring, and species oflri~h lord (H(!TllifepidohlS spp.), priddeback (Stichaeidae famil'Y), 
greenlings and mackerel (He:ragrammas and Pleurogrammus spp.), as well as se\-reral shrimp 
species, as part of a major community reorganization following a dimate regime shift from a 
cool phase to a warm phase in the 1970s. In the northeastem Pacific Oce-an, capelin, sand lance 
(Ammodytidae family), and rockfish abimdance are all negative]y correlated with se.asonal se-11 
surface temperatures (Thayer et al 2008, p. 1616). A model ,of multiple climate change effects 
(e.g., acidification and de-O:>.')'genation) to marine food webs in the Northeast Pacific consistently 
proj ects future declines in small pelagic fish abwidance (Ainsworth et al. 201 1, pp. 1219, 1224). 
Within Zone 1, abundanc.e of surf smelt and Pacific he.rring in the Skagit River estuary are 
positively associated with c.oastal upwelling during the spring and ear]y summer, likely became 
nutrient-rich upwelled water incre.ases food availability (Reum et al. 2011, pp. 210-212). If 
p:roj ections of later, shorter upwelling seasons are correct (see above), the delays may lead to 
declines in these stocks ofhening and surf smelt, as happened in 1005 (Reum et al. 2011, p. 
212). Similarly, delayed upwelling in 2005 led to red11ced growth rates, increased mortali ty, and 
recruitment failure of juvenile no:rthem anchovies off of the Oregon and Washington coasts 
(fakahashi et al. 2012, pp. 397-403). In contrast, anchovy abundance iu Zone 1 was unusually 
high in 2005, as i t was in 2015 and 2016 following the marine heatwave, and is positively 
associated with sea surface temperature (Duguid et al. 2019, p . 38). In the northeastern Paci.fie, 
Chavez and coauthors (2003, pp. 217-220) have descn'bed a shift between an "anchovy regime" 
during the oool negative pha~e of the PDO and a "sardine regime" during the wann posmve 
phase, where the two regimes are associated with contrasting physical and biological states. 
However, global warming may dismpt the ecologic.al. response to the naturally-occurring 
oscillation, or alter the pattern offue oscillati.on itself (Chavez et al_ 2003, p. 211~ Zhang md 
Oelwo:rth 2016, entire). 

:\lu bled murr·eletr; - 1farbled murrelets are likel'y to experience changes in foraging and 
breeding ecology as the climate continues to change. Although studies are not available that 
directly project the effects of marine climate change -on marbled murrelets, several shtdies have 
be.en conducted within and outside the listed range regarding ocean conditions and marbled 
murrelet behavior and fitness. Additionally, numerous studies of 0th.er akids from Mexico to 
British Coiumbia indicate that alcids as a group are vulnerable to climate change in the 
oorthe.asteru Pacific. 

These studies suggest that the effec1s of climate change will be to reduc.e marbled murrelet 
reproductive suoces.s, and to s.ome e::{tent, smvival, largely mediated through climate change 
effects to prey. In British Co]umbia, there is a strong negative c.orrelation between sea surface 
temperature and the number of marbled murrelets observed at i.nland sites displaying be,ha!vio~ 
associated with nesting (Burger 2000, p. n S). In central California, marbled murrelet diets Vlll)' 

depending on ocean conditions, and there is a trend toward greate,r reproductive success during 
cool water years, likely due to the abundant availability of prey items such as euphausiids and 
juvenile :rookfish (Becker et al. 2007, pp. 273-274). Across the northern border of the listed 
range, in the Georgia Basin, much of the yearly variation in marbled murrelet abwidanoe from 
195& through 2000 can be explained by the proportion of R$h (as opposed to eupbausiids or 
amplripods) in the birds' diet (:'iorris et at 2007, p. 879). If climate change leads to further 
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declines in forage fish populations (s.ee above), those declines are likely to be reflected in 
marbled murrelet populations. 

The condusion that climate change is hlely to reduce marbled murrelet breeding success ,,.ia 
changes in pre}' availability is further supported by several studies of other akid specie-s in 
!British Columbia and California. ColllDlon murres, Ca.ssin' s aukfets, rhinoceros auklets. and 
tufted puffins in British Columbia; colllDlon murres in Oregon; pigeon guillemots (Cepplms 
columba), commonmmres, and Cassiu' s auklets in California; and even Cassin's anklets in 
Mexico all show altered reproductive rates, altered chick growth rates, or changes in the timing 
of the breeding season, depending on sea surface temperature or other cl!imatic variables, prey 
abtmdance, prey type, or the timing of peaks in prey a.vailability (Abraham and Sydeman 2004, 
pp. 239-243; Ainley et al 1995, pp. 73-77; Albores..Barajas 2007, pp. 85-96; Bertram et aL 200!, 
pp. 292-301; Borstac!J et al. 20] 1, pp. 291 -299; Gjerdmm. et al 2003, pp. 9378-9380; Hedd et aL 
2006, pp. 266-275 ; Piatt et .al 2020, pp. 13-15; Sydeman et at 2006, pp. 2-4) . The abtmdance of 
Cas<Jin' s auklets and rhinoceros anklets off southern California declined by 75 and 94 perceut, 
respectively, over a period of oce.an ,vanning between 1987 and 1998 (Hyrenbach and Veit 2003, 
pp. 2546, 2SS 1). Although the details of the relationships between climate variables, prey, anc!J 
demography vary behveen bird species and locations, the consistent demonstration of such 
relationships indicates that alcids as a group are r.ensitive to climate-related changes in prey 
a\•ailabilily, prompting some researcher.; to consider them indicator species for climate change 
(Hedd et al. 2006, p. 275; Hyrenbach and Veit 2003, p. 2551). 

In addition to effects on foraging ecology and breeding suC()ess, climate change may e:iq>ose 
adu]t and juvenile marbled murrelets to health risks. These risks include poisoning, and 
potentially fe-.ather fouling, from harmful algal bJooms, as well as from anthropogenic toxins. 
Clim.ate change can also cause unexpected changes in disease exposure. Reductio.ns in forage 
fish quality and a\•ailability may also lead to starvation in extreme ciroumstance.s, though .in less 
extreme circumstances these reductions are more likely to preclude breeding, whic.h could, 
c..ounteJintui.tively, increase adult survival. 

[t is likely that marbled murrelets will experience more frequent domoic acid poisoning, as this 
toxin originates from hmnful algae blooms m the genus Pseudo-nit:cliia, ,,~hich are expected to 
become more prevalent in the listed range (see above) . In central California, domoic acid 
poisoning was determined t.o ibe the cause of death for at least two marbled IDurrelets recovered 
during a harm:full algae bloom in 199& (Peery et .al 2006, p. 84). During this study, which to:0k 
place betwam 1997 and 2003, the mortality rate· of radio~tag.ged marbled mUJI"elets was highest 
during the algae bloom (Peery et al. 2006, P- 83). Domoic aci.d poisoning has previously been 
shown to travel through the food chain to seabirds via. forage fish tbat feed on the toxic algae 
(Work et aL 1993, p. 59). Other types of hai!Dlful algae, including theAicxand1'ium genus, which 
is also likely to become more prevalent in the listed range (see above), produce saxitoxin. a 
neurotoxin that c-.;mses paralytic shell.fish poisoning. Consumption of sand lance contaminated 
,vith sa.-citoxin ,vas implicated in t!he deaths of seven out of eight (87.5 percent) ofKittlitz' s 
marbied murrelet (Brachyramplm:s brevirostms) chicks that were tested foUowing nest failme at 
a study site in Alaska in 2011 and 2012 (Lawonn ,et al. 2018, pp. 11-12; Sheam-Bochsker et al. 
2014). Yet another species of harmful algae produces a foam that led to plumage fouling and 
sub&equent mortality of common murres and othe1 seabird sp~ies off of Oregon and 
Washington during October of 2009, and similar events may become more frequent with clim.ate 
change (Phillips et al 201 1, pp. 120, 122-124). Due to changes m the Salish Se.a food web, 
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climate change is projected to increase mercury and, to a lesser extent, polychlorinated ibiphenyls 
(PCB) levels m forage fish and top marine pTedatOil:s (Alava et .al. 2018, pp. 4); preswnably 
marbled murreJets will experience a s:imi.lar increase. 

Climate change may also pr:omote conditions in which alcids ibecome e::-.'Posed to novel 
pathogens, as occurred in A.lash during 2013, when crested auklets (Aetti;a crisfatella) arui 
duck-billed mtme-s (llria lomvia) washed ashor,e after dying of avian choleTa (Bodenstein et al 
2015, p. 935). Marbledmurre]ets in Oregon may be especially susceptible to novel diseases, 
because these populations lack diversity in genes related to immunity (Vasquez-Carrillo ,et al. 
2014, p. 252). 

In. e.--m-eme warm-water conditions, adult mrubled mmrelets may suffer stan·ation, as occurred 
w~th common murres during the marine heatwa-ve of 2014-2016. High levels of adult mortality 
we.re observed among common mtme-s from California to Alaska, and this mortality was likely 
caused by a combination of reductions in forage fish nutritional content and increases in 
competition with large piscivorous fish, a combination termed the "ectothennic \'ise" (Piatt et al. 
2020, pp. 17-24). Counterintuitively, m the 1997-2003 shtdy of radio tagged marbled murre-lets 
in California,, marbled murrelet adult survnml was highe.r during warm-1.1;ater ye.a.rs and lo·wer 
during c.old-water years, likely became they did not ibreed and therefore avoided the as·sociated 
physiological stresses md additional predator risk (Peery et al. 2006, pp. 83~85). 

Ove.rall, the effects of climate change in marine ecosystems are likely to be complex, and will 
vary across the range. Alterations in the physical iProperties of the marine envnonme.nt will 
affect the productivity and composition of food v.·ebs, which are likely to affect the abundance, 
quality, and availability of food .resources for marbled murrelets. Th_e;5e changes, in rum, will 
affect matbled mtmelet reproductive performance. In addition, toxic algae and potentially 
disease organism-. are expected to present :increa5ing risks to marbled murrelet health and 
s1.1JVival. Different types of effects can be predicted 1,,rith va1ying levels of certainty. For 
ex.ample, large inc:re.ases in the prei.,•ale-nce of hmnful algal blooms have already been obsen•ed. 
whereas the likely fuhrre magnitude and direction of overall changes in net primary productivity 
remain highly uncertain. Some changes may be positive (for example, the potential foT a 
northward shift in ancho\'}' abundance), but on the 1.vhole climate change is e."{pected to ha\'e a 
detrimental effect to marbled murre-let foraging and health. 

Summmy of Climate Change Effects 

In summary. marbled murrelets are expected to e."ls.pe-rience effects of climate change in both their 
nesting habitat and marine foraging habitat. N atmal disturl:iances of nesting habitat are e-A.'])ected 
to become moTe frequent, leading to accelerated hab~tat losses that may outpace ingro1,\·th even in 
prntected landscapes . ~arine food chains are likely to be altered, and llie result may be a 
reduction in food resotac.es for marbled murrelets. Even if food resomc-es remain available, the 
timing and location of their availability may shift, which may alter marbled murrelet nesting 
seasons or locations. In addition, health risks from harmful algal blooms. anthropogenic toxins, 
and perhaps pathogens are like]y to incre-;ase with climate change. 

Within the marine ,environment, effects on the marbled m1DTelet food supply (ammmt, 
distnlmtion, quality) pro\ride the most like!~• me.chanism for climate change impacts to marbled 
murrelets. Studie--.. in. British Columbia (Norris et al. 2007) and California (Becker and 
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Beissinger 2006) have documented long-term declines in the quality of marbled murrelet prey, 
and one of these studies (Becker and Beissinger 2006, p. 475) linked variation in c-0astal water 
temperatures, marbled murrelet i!)rey quality during pre-breeding, and marbled murrelet 
reproductive success. These studies indic.ate that marbled murrelet recovery may be affected as 
long-term trends in ocean climate conditions affect prey resources and maroled murreiet 
re.productive rates. While seabirds such as the marbled murreJet have life-histOI)' strategies 
adapted to variable mariue en\ironments, ongoing and future climate change could iPTesent 
changes ofa rapidity and scope outside the adaptive range of marbled murrelets (USFWS 2009, 
p. 46). 

Co11sen'atio11 Needs of the Species 

Reestablishing an abwidant supply ofhigh~uality marbled murrelet nesting habitat is a -..ital 
conservation need given the e,',':tensive removal during th.e 20th century Even following the 
establishment of the NWFP, habitat continued to be lost between 1993 and 2012, and the rate of 
loss on non-feder:.il lands has been 10 time.s greater thm on federal lands (Raphael et al 2016b, 
pp. 80-81). If this rate ofloss continues, the conservation of the maroled m1m elet may not be 
possible because almost half of the higher-suitability nesting habitat is on non-federal lands 
(Raphael et aL 2016b, p. 86). Therefore, reco\--ery of the marbled murrelet will be aided if areas 
of c1mently suitable nesting habitat on non-fed.eral lands are retained witil ingrowth of habitat on 
federal lauds provides replacement nesting opportuuines (USFWS 2019, p. 21). 

There are also other conservation imperatives. foremost among the conservation need~ are tho~e 
in the marine and terrestrial environments to increase marbled murrelet fecundity by increasing 
the munber of breeding adults, improving marbled murrelet nest success (increasing nestling 
survival and fledging rates), and reducing anthropogenic stressors th.at reduce individual fitne-:ss 
or lead to mortality. The overall reproductive success (fecwid:ity) of marbled m1melets is 
directly influenced by nest predation rates (reducing nestl.ing survival rates) in the terrestrial 
enviroument and an abundant supply of high quality prey in the marine environmen t before and 
during the breeding season (improving breeding rates, potential nestling surviva~ and fledging 
rates). Anthropogenic stressors affecting maroled murrelet fitness and survival in the marine 
environment are associated with commercial and tribal gil.lnets, de1elict fishing ge:ir, oil spills, 
and high underwater so1md pressure (energy) levels generated by pile-driving and undenvater 
detonations (which can be lethal or reduce indi.;dual fitne.s.-s) . Anthropogenic acti.,,;ties, such as 
coastline modification and nutrient inputs in rwioff, also affect prey avail.ability and lwm.fnl 
algal blooms, which in tum affect maroled murrelet fitness. 

fmtha- research regarding marine threats, general life histo1y , and marbled murrelet population 
trends in the coastal redwood zone may illuminate additional consen;atiou needs that are 
currently unknown (USF\VS 2019, p. 66). 

R£covery Plan 

The Marbled mmr elet Recovery Plan outlines the conservation strategy with both short- and 
long-term objectives. The Plan places special emphasis on the lerrestrial environment for 
habitat-based recovery actions due to nesting occmring in inland forests. 

in the short--term, specific actions identified as necessary lo stab:ilize the populations in.elude 
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protecting occupied habitat and minimizing the loss of unoccupied but suitable habitat (USFWS 
199 7, p. 11 9). Specific actions include maintaining large iblocks of suitable habitat, maintaining 
and enhancing buffer habitat, decreasing risks of nesting habitat loss due to fire and windthrow, 
reducing predation, and minimizing disturbance. The designation of critical habitat also 
contributes lowards 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 environm.ent 
• Reducing or eliminating threats to survivor~ by reducing predation in the terrestrial 

environment and anthropogenic sources of mortality at sea. 

General criteria for marbled murrelet recovery (delisting) were established at the inception of fihe 
Plan and fihey have not been met (USf\VS 2019, p. 65). More specific d.elisting c-riteria are 
expected in th.e 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 SL"< Conservation Zones for a l 0-year period. 

• Implementing management and monitoring strategies in lhe marine and terrestrial 
environments to eJlSUie protection of marbled murreJets for at least 50 years. 

Thus, increasing marbled murrel.et reproductive success and reducing the frequency, magnitude, 
or duration of any anthropogenic stressor that directly or indirectly affects marbled mu:rrelet 
fitness or siuvival in the marine and terrestrial environments are the priority conservation needs 
of the species. The Service estimates recovery of the marbled murrelet will require at least 50 
ye.a:rs (USf\VS 1997). 

Survival and Recovezy Rol.e of Each Conservation Zone 

The SL~ Conservation Zones, defined in the Recovery Plan as equivalent to Reco\fery Unils, vary 
not only in their population stah1s, as described above, but also in their intended fonction with 
respect to the long-term su1vival and recovery of the marbled murrelet 

Conservation Zones 1 extends i:nland 50 miles from the marin.e waters of Puget Sound and most 
waten of the Strait of Juan de Fuca south of the U.S.-Canadian border. The terrestrial portion of 
Zone 1 indudes the north Cascade Mountains and the northern and eastern sections of th.e 
Olympic Peninsula. Nesting habitat in fihe Cascades i; largely separated from high-quality 
marine foraging habitat by both urban development on land and highly altered coastal marine 
environments, leading to long commutes between nesting and foraging habitat (Lorenz et al. 
2017, p. 314; Raphael et al. 2016a, p. 106; USf\VS 1997, p. 125). In contrast, large blocks of 
nesting habitat remain ne.ar the coast along the Strait of Juan de Fuca, where there is a lower 
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human footprint (Raphael et al. 2016b, p. 72 ; van Dorp .and Merrick 2017, p. 5). This 
combination oflarge blocks ofhabiitat clo.se to foraging habitat is likely more conducive to 
successful production of young than conditions other portions of Zone L Zone 1 is unique 
among the six. Zones in that the marine environment is not a part of the ca:Iifomia Current 
ecosystem, but is part of a complex system of estuaries, fjords, and straits. This means that the 
Zone 1 population is subject to a different set of en\rrrcmmental infiuenc.es than the populations in 
the othe-r firve zones. For example, in 2005, delayed upwelling led to widespread nesting failure 
of se.abirds, including marbled murrel.ets, along the north.em California 1Cmrent, while above
average productivity was obse.rved in Zone 1 (LoreDZ and Raphael 2018, pp. 208.-209; Peterson 
et al. 2006, pp. 64, 71; Ronconi .and Burger 2008, p. 252; Sydeman et al. 2006, p. 3) . This 
exrunple illustrates the importam:.e of Zone l in bolstering the range,vide res ilience of' marbled 
murrelets. Zone ] is one of the four Zan.es where increased producm·ity and stable or increasing 
population siz~ are needed to provide redundancy and re.silience that will enable recovery and 
long-term survival. 

Conservation Zone 2 also e.xte.nds inland 50 miles from marin.e waters. Conservation Zone 2 
includes marine waters within 1.2 miles (2 km) off the Pacific Ocean shoreline, with the northem 
temrinus immediately south of the U.S. -Canadian borde_r 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). Although Zone 2 was defined to include onl11 the nearshore 
waters, marbled mturelets in this Mea are regulatly found up to 8 km £r,om shore.., sometimes at 
higher densities Chan in the nearshore environment, even during the breeding season (Bentivoglio 
et al. 2002, p. 29; Mcker et al. in press, pp. 34, 85). Zone 2 includes the rich waters of the 
Olympic Coast National Marine Sanctmuy, which are adjacent to areas of the Olympic Peninsula 
that retain large blocks ofnesfuig habitat {Raphael et al. 2016b, p. 72). Like the northem 
Olympic Peninsula in Zone 1, parts of the western Olympic Peninsula appear to pro\~de one of 
the few remaining strongholds for marbled murrelets in Washington. The southern portion of 
Zone 2 previously hosted a small but consistent subpopulation of nesting maJbled murrelet,s, and 
is now only sparsel11 used for nesting inland or foraging at sea. This reduction in marbled 
murrelet population density in the southern portion of Zone 2 represents a widening of a. gap in 
distribution that was described in the Recovery Plan (USFWS 1997, p. 126). This gap is likely a 
partial harrier to gene flow (USFWS 1997, p. 145). The eventual long-term smvivail and 
recmle,ry of' listed marbled murrelets depends on the· maintenance of' a ·viable ma!'bled muuelet 
populations that are well distributed throughout Zone 2, along with the other three Zones where 
incre.as.ed [Productivity and stable or increasing population size are needed for survival and 
recovery. 

Conservation Zone 3 ex.tends 35 miles inland, and includes marine waters within 1.2 miles of the 
!Pacific Ocean shoreline ben,•een the northern bordec of Oregon (the Columbia River) and North 
Bend, Oregon (USFWS 1997, pp. 126-127) The terrestrial portion of Zone 3 historically 
experienced large-scale wildfires and timber harvest, which together likely led to a loss O•f 

nesting habitat that caused a dramatic decline in the marbled murrelet population in this Zone 
(USFWS 1997, p. 117). In the northemportion of Zone 3, this lack ofneslinghabitat persists, 
and fue at-sea population density of marbled murrelets is relatively lo,v, extending the gap in the 
southern portion Zone 1 (USF\VS 1997, p. l45 ; Mclver ehl. 2021, pp. 11-17). Additionally, 
marbled murrelet populations in. Oregon are eJr.-pected to be .more susceptible to novel pathogens, 
clue to low genetic diversity coding for important immtme system peptides (Vasquez-Carrillo et 
al. 20U, p. 2:52). However, in Zone 3 as a \-vhole, at-sea popul.l!tion density is high, and is 
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trending upward, though the re.ason for the population increase is not well tmderstood. The 
marbled murrelet population of Zone 3 is one of the ti.vo largest among the Conservation Zones. 
The eventual long"'jte.rm sunrival and recovery of listed marbled murrelels depends on the 
maintenance of a \riable marbled murrelet populations that is well distributed throughout Zone 3, 
along \\rith the other three Zones \¥here increased productivity and stable or increasing 
population size are needed for sunrivaJi and recovery . 

Conse1vation Zone 4 extends 35 miles inland, and includes marine ,vaters within 1.2 miles of the 
Pacific Ocean shoreline between North Bend, Oregon and the southern end of Humboldt County, 
California (USF\VS 1997, p. 127). Since 1993, this Zone has. experi.enced the majority of all 
nesting habitat losses on federal lands within the listed range, neady all due to large wildfires 
(Raphael et al. 2016b, p. 75). Much of the nesting habitat within this Zone is located within 
National and California State Parks, and recreation likely reduces marbled murrelet prnducfai ty 
in these areas, particularly via accidental food subsidies to corv.id nest predators at picnic sites 
and camping areas (USF\VS 1997, p. 128). Over tbe last decade, Redwood National and State 
Parks have made efforts to reduce this supplementa] feeding of corvids, with some success in 
reducing oorvid density at recreation sites, but it would be difficult to detect any population-scale 
benefit of these efforts (Brunk ,et al. 2021, pp. 7-8; Mdver et al., in press, p. 43). The marbled 
murrelet population of Zone 4 !is one of the two largest among th.e Conservation Zones, and is 
increasing, though the reason for the population incre.ase is not well understood. The eventual 
long-tfllll survival and recovery oflisted marbled mmrelets depends on the maintenance ofa 
viable marbled murrelet populations that is well distributed throughout Zone 4!, along with the 
other three Zones where increaserl producfrvity and stable or increasing population size are 
needed for sruviva.l and recovery. 

Conservation Zone 5 extends 2 5 miles inland, and includes marine waters within 1.2 miles of the 
Pacific Ocean shoreline between tbe southern end of Humboldt County, California, and the 
mouth of San Fran.cise-o Bay (USFWS 1997, p. 129). Very littile nesting habitat remains in this 
Zone, mostly in California State Parks and on private lands, though some nesting habitat 
ingrowth was observed between 1993 and 20]2 (Raphael et al. 2016b, p. 75; USfWS 1997, iP· 
129). Marbled murrelet population estimates in Zone 5 have been correspondingly low, with 
population estimates of less than 100 individuals m most swvey years (Mdver et al 202 1, pp. 
11-] 7). The most recent survey, in 201 7, resulted in .a much higher estimate of 872 illdividuals, 
but multiple lines of evidence indicate that tbis increase was likely the result of unusual 
migratory patterns from other Zones dwing the breeding season (Adrean et ai. 2018, p. 2; Mciver 
et al., in press, pp. 43-44; Strong 2018, pp. 6-7). However. surveys mZone 5 are now conducted 
only onoe every four years, making the status and trend of this population more diffi.cult to 
disoem. Given the small size of the population during most survey years, and the limited 
availability of nesting .habitat. the ability of this population to survive over the coming de~.ad:es is 
questionable, and Zone 5 cannot be co1mted on to contribute toward long-term sunrival or 
recove_ry o,f th.e DPS (USFWS ]997, pp. 129). In the best-c-.ase scenario, ifne-sting habitat 
ingrowth in this Zone can. stimulate the restoration of a Jarger population in Zone 5 over the long 
term, this would hl:,ely improve conneoti\rify between Zones 4 and 6, provide re.dtmdancy, and 
increase resiliency for the DPS as a \-vhole. 

Conservation Zone 6 extends 15 miles inland, and includes marine ,vaters within 1.2 miles of the 
Pacific Ocean shoreline between tbe mouth of San francisoo Bay and Point Sur, in Monterey 
Cotmty, California (USfWS 1997, pp. 129-130). Zone 6 is 1mique among the Zones in that it is 
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not within the ::-.lWFP area and is not included in NWFP effectiveness monitoring. Fede.ra1 land 
is bcking in Zone 6, and all nesting habitat is .located ·within State or County Parks or on private 
lands (McShane et al. 2004, p. 4-14). Mubled murrelel population estimates for Zone 6 have 
averaged around 500 individuals for the period from 1999 through :Wl 9, with a range between 
174 and 699 birds across the years (Felis et al. 2020, p. 7). The Zone 6 population is genetically 
differentiated from the other Zone&, likely as a result of the wide gap in the range between the 
Zone 6 population and the populations to the north (HaU et al 2009, p. 5078; Peery et al 2010. 
p. 703). When the Recove1y Plan was written in 1997, it was anticipated that the Zone 6 
population would per1ir.t long enough to contribute to recovel)', but could not be relied upon to 
contribute to the long-term r.urvival of the species (USFWS 1997, p. 116). Subsequent re~arch 
has demonstrated that the population in Zone 6 is a demographic sink, with a shrinking breeding 
population bolstered by the presence of mainly non-breeding individuals originating from other 
Zones (Peery et al. 2006, p. 1523; Peery et al. 2010, p. 702; Vasquez-Carrillo et al. 2013, p. 177). 
Demographic effects of large-scale nesting habitat loss and degradation during the 2 020 wildfires 
have not yet manifested, but are e"'"'Pected to be negative. Therefore, it remains unlikely that this 
population will contribute to recovery . The presence of a marbled mtmelet population in Zone 6 
is necessary to ensme the fuhue distribution of marbled murrelets throughout their current and 
historical within the DPS, but it is not cle.ar that this will be possible over the long term, given 
the vulnerability of this population lo stochastic or catastrophic events (USfWS 1997, p. 116). 
The Rec.oVeIJ' Plan identified lands that will be essential for the recovery of the marbled 
mturelet, including!) any suitable habitat in a Late Successional Reserve (LSR) in Forest 
Ecosystem Management Assessment Team (FEMAT) Zone 1 (not to be confi.1Sed with 
Conser.'ation Zone 1), as well as LSR in FEMAT Zone 2 in Washington, 2) all suitable habitat 
located in the Olympic Adaptive Management Area, 3) large are.as of suitable nesting habitat 
outside ofLSRs on Federal lands, such as habitat located in the Oljmpic ::-.lational Park, 4) 
suitable habitat on State lands ,vi thin 40 miles of the coast in Washington, or within 25 miles of 
the -c'°asl in Oregon and California, 5) habitat within 25 miles of the coast on county part.: land in 
San Mateo and Santa Cruz Counties, California, 6) suitable nesting habitat on Humboldt 
Redwood Company (formed y Pacific Lumber Company) lands in Humboidt County, California, 
and 5) habitat.vithin occupied marbl.ed murreiet sites on private lands (USFWS 1997, pp. 13 1-
133). 

~arine habitat is also esr.ential for the rec-0ve1y of the marbled munelet. Key recovery needs in 
the marine environment include protecting the quality of the marine envi.ronm.ent and reducing 
adult and juvenile mortality at se.a (USFWS 1997, pp. 134-136). Marine are.as identified as 
essential formart>led murrelet foraging and loafing include 1) all waters of Puget Sotmd and ilie 
Strait of Juan de Fuca, and waters within 1.2 miles of shore 2) along the Pacific Coast from C~e 
Flattery to Willapa Bay in Washington, 3) along the Pacific Coast from Newport Bay to Coos 
Bay in Oregon, 4) along the Pacific Coast from the Oregon-California border south to Cape 
~endocino in northern California. and 5) along the Pacific Coast in central California from San 
Pedro Point south to the mouth of the Pajaro River. 

Summary 

At the range-wide scale, annual estimates of marbled murrelet populations have fluctuated, with 
no conclusive evidence of a positive or negative trend since 200l(+o.5 percent per year, 95% CI: 
-0.5 to +1.5%) (Mclver et al. 2021, p. 4). The most recent extrapolated population estimate for 
the entire N\VFP area was 21,200 marbled murrelets (95 perc~nt CI: 16,400 to 26,000 birds) in 
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2019 (Mdver et at 2021 , p. 3). The largest and most stable marbled murrelet subpopulations 
now occur off the Oregon and northern California c.oasts, while subpopufations in Washington 
have steadily dedined since 2001 (-3.9 percent per year; 95% Cl: -5.4 to -2 .4%) (Mehrer et at 
2021, p. 4) . 

Monitoring of marbled murrelet nesting habitat within the N\VfP are.a indicates nesting habitat 
declined from au estimated 2.53 million a.cres in 1993 tom estimated 2.23 million acres in 20]2, 
a decline of about 12.1 percen t (Raphael et at 2016b, p. 72). Marbled murrelet popu]ation size is 
strongly and positively correlated with amount of nesting habitat, suggesting that conservation of 
remaining nesting hab~tat and restoration of currently unsuitable habitat is key to marbled 
murrelet reeo,;ery (R:aphad et al. 2011 , p . iii). Given likely fuh.rre increases in for~t 
disturbances that can cause habitat loss, conservation of remaining nesti»g habitat is especially 
important. 

The species decline has been largely caused by extensive removal oflate-succ.es,sional and old 
gro\-vth coastal forest which serves as nesting habitat for marbled murrelets. Additional factors 
in its decline include high .nest-site predation rates md human-induced mortality in the marine 
environment from dishuhance, gillnets, Md oil spills. In addition, marbled mu:rreletreproductive 
success is strongJy correlated \vith ilie abtmdance of marine prey species. Overfishing and 
oc~mographic \.'ariation from climate events and long-term climate change have likely alter,ed 
both the qualit}• and q-uantity of marbled murrelet prey species (USFWS 2009, p. 67). 

Althougµ some threats have been reduced (e.g., habitat [os-s on Fed.era] lands), some threats 
continue, and new threats now strain the ability of the maroled murrele1 to suocessfally 
re:Produce. Threats continue to contribute to marbled mmrelet population declines through adult 
and juvenile mortality and redue.ed reproduction. Therefore, given the current status of tihe 
species llilld background risks facing the species, it is reasonable to asswne that marbled murrelet 
populations in Conservation Zones i and 2 and throughout the listed range have low resilience to 
deleterious population-level effects and are at high risk of continuing or renewed declines. 
Activities that degrade the e."'risting conditions of occupied nesting habitat or reduce adult 
survivorship or nest SUCCt')S of maroled munelets will be of greatest consequence to the species. 
Ac,tions resulting in the loss of occupied nesting habitat, mortality to breeding adults, eggs. or 
nestlings will reduce productiv~ty, contribute to continued population declines, and iPTolong 
population reeovery within the listed range of the species in fue coterminous United States. 
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Figure 3. The six geographic areas identified as Conservation Zone.sin the recovery plan for the 
marbled murrelet (USFWS 1997). Note: "Plan boWlda.Iy" refe.rs to the NWFP. Figure adapted 
from Huff et al (2006, p. 6). 
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I.niii·onmeu tal Baseline 

Environmental baseline refers to the condition of the listed species or its desigrutted critical habitat 
in the action area, without the consequenc.es to the listed species or designated critical nabitat 
caused by the proposed action The emrironmenta] baseline includes the past and present impacts. 
of all F edenl, Slate, or private actions and other human activities in the action area, the anticipated 
impacts of all proposed Federal projects in the action area that have already undergone formal or 
early section 7 consultation, and the impact of ~tate or private actions which are contemporaneous 
with the consultation in process. The consequences to listed species or designated critical habitat 
from ongoing agency activities or existing agency facilities that are not within lhe agency's 
discretion to modify are part of the environmental baseline. 

Marbled Mrurelm Sratus i11 ihe Acri on Area 

The action area includes portions of the cunent range of the mubled murrelet in uearshore marine 
and open wateJ" marine habitats in Washington and Oregon. The action area includes the marine 
portioru: of four marbled mmrelet Recovery- Urut~ (or ·'Conservation Zones'): Conservation Zone 
1 - Puget Sound, Conservation Zone 2 - Western Washington Coast Range, Conservation Zone 3 
- Oregon Coast Range. and Conservation Zone 4-Siskiyou Coast Range (Figme. 4). 

Figure 4. Marbled murrelet Conservation Zones (USFWS 1997, pg. 114). 
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ConseJVation Zone 1 (Puget Sound) includes all the waters of Puget Sound and most waters of the 
Strait of Juan d.e Fuca south of the U.S.-Canadian border. Within the Inland Water Subunit, 
.marbled murrelets tend to forage in well-defined areas ,during the bre.eding se-ason. They are found 
in the highest densities in lhe nearshore waters of the San Juan Islands, Rosario Strait, the Strait of 
Juan de F uca, Admiralty Inlet, and Hood Canal. They are more sparsely distributed elsewhere in 
Puget Sound, with smaller numbers observed within the ~isqually Reach, Possession Sound, 
Skagit Bay, Bt>Jlingham Bay, and along the eastern shores of Georgia Strai I. In the most southern 
end of Puget Soimd, they occw in e,"{tremely low numbers. During the non-breeding season, 
marbled murrelets typically disperse and are found farther from shore (Strachan et al . 1995, pp. 
247-2S3). Marbled murrelets from Vancouver Island, British Columbia may move into more 
sheltered waters in Puget Sound and the Strait of Georgia during the non-breeding season, which 
may contnoute to increased numbers of marbled murrelets in Puget Sound in fall and winter 
(Beauchamp et al 1999, entire; Burger 1995, pg. 297; Ralph et aL 1995, pg. 9; Speich and Wahl 
1995, pg. 325). 

Conservation Zone 2 (Western Washington Coast Range) includes marine waters within 1.2 miles 
O km) of the Pacific Ocean shoreline, with the northern temrinus immediately south of the U.S.
Canadian borde.r near Cape Flattery along the midpoint of the 01 ympic Peninsula, and extending to 
lhe southern bordeJ" of Washington (the Columbia River) (USFWS 1997, pg. 126). During th.e 
breeding season (April through September), marbled murrelet density in the Offsh.ore Area Subunit 
is lower than in th.e nearshore coastal and inland waters. During the summer, ii is assumed that 5 
percent of marbled murrelets detected by the Northwest Forest Plan Effectiveness Monitoring 
Program are offshore (the survey 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). 

Conse.rvation Zone 3 (Oregon Coast Range) extends from the Columbia River south lo North 
Bend, Coos County, Oregon, includes waters within 1.2 miles (2 km) of the Pacific Oc.ean 
shoreline, and ~ ·tends inland a distance of approximately 35 miles (56 km). The boundary 
encompasses all of the designate.d marbled murrel.et CHUs (USFWS 1997, pp. 126, 127). 

Conservation Zone 4 (Siskiyou Coast Range) extends from North Bend, Coos County, Oregon, 
south to the southern end of Humboldt Coimlj•, California. It includes waters within 1.2 miles (2 
km) of the Pacific Ocean shoreline (including Humboldt and Arcata bays) and, in general, extends 
inland a distanc.e of 3S miles (56 km) (USFWS 1997, pg. 127). 

Current Conditions and limiting Factors in the Action Alea 

Current condition~ and limiting factors in the action area are the same as those described 
rangewide below. 

• The loss of nesting habitat was a major c.ause of decline over the past century and may still be 
c-ontnouting as nes1:i.ng habitat continues to be lost to fires, logging, and windstorms (Miller et 
al 2012, pg_ 77S). Due mostly to historic timber harvest, only a small percentage 
(approximately 11 percent) of the habitat-capable lands within the listed range contain 
potential nesting habitat (R.aphael et al. 2016b, pg. 69). 
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• While the direct c-.auses for population declines are unknown, potential factors indude the loss 

of nesting habitat, indudmg cumulative and time~lag effects of habitat los..ses over the past 20 
years, change.sin the marine environment reducing the availability or quality of prey, increased 
densities of nest predators, and emigration (Miller et al 2012, pg. 778). Marine habitat 
degradation is most prevalent in the Puget Sound, where human activities (e.g., shipping lanes, 
boat traffic, shoreline development) are an important factor influencing the marine distribution 
and abundance in Con;.ervation Zone 1 (FaJ:xa and Raphael 2016, pg . l iO). 

• Populations are decli~ in Washington, srable in Ore.gon, and stable in California where there 
is a non-sig,uificant but positive population trend (Mdver et al. 2019, pg. 3). Population size 
and distribution is strongly and positively correlated with the amount and pattern of suitable 
nesting habitat (i.e., large contiguous iPakhes) ; population trend is most strongly correlated 
with trend in nesting habitat, although marine factors also conlnoute to this trend (Raphael et 
al. 2016a, pg. 115). 

• \Vhile terrestrial habitat amount and configuration (including fragmentation), and the terrestrial 
human footprint (i.e., cities, roads, development), appear to be strong factors influencing 
distnoution in Zones 2-5; terrestrial habitat and lhe marine hmnan footprint (Le., shipping 
lanes, boat traffic, shoreline development) appear to be the most important fa.ctors that 
influence marine distribution and abun.dance in Zone 1 (Raphael et al. 2016a, pg. 106). 

• Marine bird survival i~ dependent on the ability to successfully forage in the marine 
environment. De.spite this, it is apparent that the location, amotmf, :lilld landscape pattern of 
nesting habitat are the strongest predictors of spatial an.d temporal distributions at sea during 
the nesting season (Raphael et al. 2015, pg. 20). Various marine habitat features (e.g., 
shoreline type, depth, temperature, etc.) apparently have only a minor intluence on distribution 
at sea. Despite this relatively weak spatial relationship , marine factors, and especially any 
decrease in forage species, liikely play an important role in explaining the apparent population 
declines, but the ability to model these relationships is etmently limited (Raphael et al. 2015, 
pg. 20). 

\llhen the marbled murrel.et was listed 1mder the Act in 1992, several threats we.re identified as the 
likely cause.s for the species' dramatic decline (57 FR 45328~ Octobe.r 1, 1992) as follows. 

• Habitat destruction and modific~tion in the terrestrial environment, from timber harvest and 
human development, resulting in a severe reduction in the amoun.t of available nesting ha bi tat. 

• Unnaturally high levels of predation resulting from forest <'edge effects". 
• Manmade factors, such as mortality from oil spills and entanglem ent in fishing nets. 
• Existing regulatory mechanisms, such as land management pians, which were considered 

inadequate to en.sure protection. of the remaining nesting habitat and reeslablismnent of furore 
nesting habitat. Ihe regulatory :mechanisms implemented since 1992 that affect land 
management in Washington., Oregon, and California (for example, the Northwest Forest Plan; 
N"WFP), and .n.ew gill-netting regulations in northern California and Washington, have reduced 
the;e threats (USFWS 2004, pp. 11-12). 

Howe\'er, additional threats were identified by the USFWS' s 2009, 5-yearreview (USFWS 2009b, 
pp. 27-67) as follows. 
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• Habitat destruction, modification, or curtailment of the marine environmental conditions 
necessary to support marbled murrelets, due to elevated levels of contaminants in prey, 
changes in prey abtmdance and availability, changes in iPrey quality, climate change in the 
Pacific Northwest. and harmful .algal blooms that produce biotoxms and cause marbled 
murrelet mortalities . 
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• Other hwnan caused factors and stressors in the marine environment, including derelict 
fishlng ge.ar leading to mortality from entanglement, and various forms of disturbance (e.g., 
le.that and sub-lethal e.xposure.s. to elevated underwater sound pressme levels c-.-used by 
impact pile driving and undenvater detonations; high vessel traffic). 

Conse1vation Role of the Action Area 

The action a1e.a in \V ashington includes the outer marine wateJS of the Strait of Juan de F uca. and 
the ne,arshore and offshore marine wat-e.JS of the Washington coast. The action area in Oregon 
includes the nearshore and offshore marine waters of the Oregon coast. 

Marbled murreMs spend most of their lives in the marine environm.ent where they consume a 
diversity ofpr;ey species, including small fish and invertebrates. They oCCUJ iPrimarily in nearshor;e 
marine waters .vithin 5 km of the coast but have been documented up to 300 km off the coast of 
Alaska in winter (Nelson ]997, pg. 3). The inland nesting distribution is strongly associated with 
the presence ofmab.ue and old-growth coniferous forests. 1farbled murrelets have b-een dete.cted 
more than 100 km inland in Washington (70 miles) . The inland distribution in the southern portion 
of the range is associated with the extent of the hemlock/tanoak vegetation zone, which extends ]6 
to 51 km inland ( l0 to 32 miles) (Evans Mack et al. 2003, pg. 4). 

With consideration for the best available data describing marbl.ed mtmelet abundanc.e, distribution, 
popufation trends, and reproductive success, the USFWS has concluded that the marbled murrele.t 
populations in the \Vashington portion of the range Clllfently have little or no ability to self
regulate (as indicated by the significant, annual decline in abundance for Conservation Zone-.s l and 
2) (USFWS 2019, pg. 12). Populations in Oregon (Zone 3 and part of Zone 4) are apparently more 
stable, but threats associated with habitat loss and habitat fragm.eniation continue to occur in those 
portions of the range. The USFWS e}.l)ects the species to continue to exhibit fmiher reductions in 
distribution andabtmdance into the foreseeable future , ]argely because threats and stfessors present 
in the marine and terrestrial environments ,.,ill continue into the foreseeable future (USF\VS 2019, 
pg. 12). 

The action area is critically important to maJbled murrelet populations in Conservation Zones 1 
through 4 (Figure 4 above), and by extension, is also critically important to tlhe rangewid.e 
conservation and recovery of the species. The action area provides prey resources that are 
essential to the heallth and productivity of marl>led murrelet populations in Conservation Zones 1 
through 4. The action area also supports individuals from other Conservation Zone.s and/or British 
Columbia (Le., those that seasonally forage and migra,te to the nortih and south, respectively). 

The USFWS's recovery plan identifies five marine areas (four in. the action area) that support the 
highest concentrations during the breeding season; these marine areas provide marbled mmrelet 
foraging and loafing opportunities that are regarded as essenti.al and must be protected (USfWS 
1997, pg. 135) as follows. 
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• All waters of Puget Sound and the Strait of Juan de Fuca in Washington, including the waters 

of the San Juan Islands and river mouths. 
• Nearshore waters (within 1.2 miles of the shore) along the Pacific Coast from Cape Flattery to 

\ViUapa Bay in W a:shington. including river mouths. 
• Nearshore waters (within 1.1 miles of the shore) along the Pacific Coast from Newport Bay to 

C-oos Bay in Oregon, including Yaquina Bay and river mouths. 
• Nearshore waters (within 1.2 miles of the shore) along the Pacific Coast from the Oregon

Califoruia border south to Cape Mendocino in northern California, including Humboldt and 
Arcata Bays, and river mouths (e.g., mouths of the Smith River, Klamath Ri,·er, Red,,;ood 
Creek, and Eel River). 

The marine environment will play an essential role in the 1ecove1y of the marbled murrelet 
Protecting the quality of lhe marine en\!ironment is identified in lhe recovery plan as an integral 
part of the recove1y effort (USF\VS 1997, pg. 120). 1farbled murrelets spend the majority of their 
lives in marine areas, usually within five kilometers of the shoreline, where forage fish and other 
marine prey resources are most abundant (USFWS 1997, pg. 120). ]f marine areas are degraded 
and do not provide sufficient prey re-sources, individual filness and reproductive succe:-ss will be 
1educed. 

Climate Chane-e Effects 

:Marbled mmrelets are ex.pected to experience effects of climate change in both thei:r nesting 
habitat and marine foraging habitat. Natural disturbances of nesting habitat are expected to 
become more frequent. leading to accelerated habitat losses that may -outpace ingrowth even in 
protected landscapes. :Marine food chains are likely to be altered, and the result may be a 
reduction in food resources for marbled mWTelets. Even if food resources remain avail able, the 
timing and location of their availability may shift, which may alter marbled murrelet nesting 
seasons or locations. In addition, health risks from hannful algal blooms, anthropogenic toxins, 
and perhaps pathogens are likely to increase with climate change. 

Within the marine environment, effects on the marbled murrelet food supply (amount, distnoution, 
quality) provide the most likely mechanism for climate change impacts to marbled murrelets. 
Studies iin British Columbia (Norris et al. 2007, entire) and California (Bec.ker and Beis:singer 
2006, entire) have docum.emed long-term d.eclines in the quality ofmaJbled murrel.et prey, and one 
of these studies (Becker and Beissinger 2006, pg. 47:5) linked variation in coastal watei
temperatures, maibled murrelet prey quality during pre-breeding, and maroled murrelet 
reproductive success. These studies indicate that marbled murrelet recovery may be affected as 
long-teim trends in ocean climate conditions affect prey resources and marbled murrelet 
reproductive rates. \Vhile seabirds such as the marbled mw:relet have life-history strategies 
adapted to variable marine emii.ronments, ongoing and fuhrre climate change could present 
changes of a rapidity and scope outside the adaptive range of marbled murrelets (USFWS 2009b, 
pg. 46). 

Summa,y 

The marbled murrelet is generally in decline in the action area (Conservation Zones 1 and 2), and 
threats and stressors present in the marine and terrestrial environments will continue into the 
foreseeable future. Marbled murrelet populations in Conservation Zones I and 2 and throughout 
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lhe listed :range have low resilience to deleterious population-leveJ effects and are at high risk of 
continuing or renewed declines_ As stated in the Stahts of tihe Species section above, Zones i 
through 4 a:re the fou:r Zones where increased productivity and stable or increasing population. size 
are needed to prnvide redundancy and resilience lhat wiU enable recovery and long-term survival. 

Efft'ds of tht' . .\ction 

Effects of the action are all conse,quences to listed species or critical habitat rhat are caused by the 
proposed action, iincluding the consequences of other activities that are caused by the proposed 
action. A consequence is caused by ilie proposed action if it would not occu:r but for the proposed 
action and it is reasonably certain to oceur_ Effects of ilie action may ocru:r later in time and may 
include consequences occuning outsiide lhe immediate areca involved in the action_ (See § 402J7). 

Effects of the Aciio11 011 the Marbled Murrelet 

The NSF provided lh.e following supplemental analysis (H. Smith, March 24, 2020, and updated 
March 15, 202]) describing the characteristics oftlb.e proposed airgun array as well as a 
prel~minary analysis ofilie potential effects ofilie proposed airgun acth,-itieJ; on marbled murrel.e1s. 
~ote: the original heading fonnat and table and figure numbers for this section were updated for 
consistency.] 

Air2tm Characteristics 

A 36-airgun array ,vith a total discharge volume of 6600 in3 is proposed for use by RN L.angset:h 
to study the Cascadia Ma:rgin._ Most energy emitted from ai.:rguns is at .relatively low frequencies , 
between 2 and 188 Hz. !However, the pulses contain energy up to 500-1000 Hz and some energy 
at highe.r frequencies (Goold and Coates 2006; Potter et al. 2007; Hennannsen et al. 2015; Kyhn 
et aL 2019)_ Nonetheless, the predominant energy is at low frequencies . The resulting 
dowmvard-directed pulse from an airgun has a du:ration of only 10-20 ms (Caldwell and 
Dragoset 2000)_ Due to reverberation, the pulse dmation as received at long horizontal distances 
can be greater and background sound levels may be elevated between airgun pulses (e.g., Guerra 
et aL 2011, 2016; Klinck et aL 2012)_ 

The \'essel would be traveling at a speed of-4.1 knots (2_1 mis), and the shot interval would be 
,every 3 7.5 m o:r - i 7 s. The nominal sou:rce level of the 36-airgtm array is 259 dB re 1 µPa · m 
(0-peak) or 26S dB re l µPa • m (peak to peak)_ These are the nominal source levels applicable 
to downward propagation. The effective source levels for horizcnlal propagation aie lo\.ver than 
lhose for downward propagation. when the sou:rce consists ,of numerous airgtms spaced apart 
from one another, as is lhe case here_ 

Accustic Modeling 

Mitigation zones for the proposed seismic smvey were calculated based on both mode-Jing by 
Lamont-Doherty Earth Obsenratory (L-DEO) and using empirical me.asurements from Crone et 
aL (2014) from ilie Casc..idia Margin; the methodology used varied with water depth category 
(shallow, intermediate, deep)_ Received smmd levels have- been predicted by L-DEO's model 
(Diebold et aL 2010) as a function ofdistanoe from the 36-airgtm array using a 9-m tow depth. 
'This L-DEO modeling approach uses ray tracing for the direct wave traveling from the array to 
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the receiver and its associated source ghost (reflection at the air-water interface in the vicinity of 
the array), m a c-0nstmt-velocit)' half-space (innnite homogeneous oce.an layer, unbotmded by a 
seatloor). The mitigation radii for intermediate water depths (10~1000 m) were derived from 
the deep-water ones (>1000 m) by appJyiing a correction factor of 1.5. For shallow water (<100 
m), radii were based on empirically derived measmements in the Gulf of~exico (GoM) wilh 
scaling applied to account for differences in tow depth (see Appendix A in the Environmental 
Assessment [EAD. Table 3 shows the distances at which the 160 dB re] µPa= sound level is 
ex.pecte,d to be rec.eived for the 36--.airgun array, based on the modeling; this information was 
presented in the EA. 

TABLE 3. Predicted distances, based 011 modeling, to which. sound levels ~ 160-dB could be 
received during the proposed surveys in the Northeast Pacific Ocean. 

Source and 
Yolum e 

4 strings 
36 ainnms 
6600~3 

Tow 
Depth 
(m) 

12 

,Yater 
Depth (m) 

>l 0OO m 
100-lO0Om 

<l 0O m 

Predicted distanc,es 
(in m) to the l 60~clB 
mu Receh·,ed Sound 
l.enl 
6,733 
10,100 

25,494 

For deep water, field measurements cannot be used readily to derive mitigation radii , as at those 
GoM: sites the calibration hydrophone was located at a roughly constant depth of35~500 m, 
which may not intersect all the sound pressure level (SPL) isopleths at their widest point from 
the sea surface down to the max.imum reievant water depth. Thus, modeled radii ha1,e to be used 
for deep water. However, empirical data from an L-DEO study (Crone et al. 2014) that collected 
a multichannel seismic (MCS) data set from F.N Langseth on an 8-km stream.eI in 2012 on the 
shelf of the Cascadia Margin (up to 200 m water depth) could be analyzed to determine in situ 
sowid leveis for shallow and intennediate-water depths. This is summarized below as. this 
infoanation was not included in the EA. 

Empirical Data for Estimation of Sound Levei Distanc.es 

Based on Crone et aL (2014; Esrimating shallow water sound powm· levels and mitigatiotr radii 
for the RIV Marcus G. La1igsetJ1· usi1ig an 8 km long MCS streamer), empirical data collected on 
the Cascad:ia Margin in 2012 dwing the COAST smvey support the use of the :MCS streamer 
data and the use of S01md Exposure Level (SEL) as the appropriate measure to use for the 
prediction of mitigation radii for the proposed survey. In addition, this peer-reviewed paper 
showed that the method developed for this purpose is most appropriate for shallow water depths 
do,,.'11 to - 200 m. To estimate th.e distances of difterent sound l.evels in shallow and inte1D1ediate 
water depths, we used the received levels from MCS data collected by 'RN' Langseth during the 
COAST survey (Crone -et al 2014). Streamer data in shallow water collected in 2012 have th.e 
advantage ofinduding the effects of local and comple..,;: subsurface geology, seafloor topography, 
and water column properties, and thus allow ns to establish mitigation radii more confidently 
than by using the data from calibration experiments in the GoM (f olstoy et al. 2009; Diebold et 
al. 2010). 
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As shown by t.fadsen et aL (2005), Southall et Ill. (2007). and Crone et aL (1014). the use of the 
root mean square (rms) pres.:sure levels to calculate received le\•eJs of an impulsive source (e.g., 
ai:rgun) le..ids lo tmdesirable variability in levels. due to the effect-i; of signal lengili, potentially 
without sigµificant changes in ex.pos11Ie level. All these studies recommend the use of SEL to 
establish impulsive source thresholds used for mitigation. Here we provide bofu the actual 
measured 160 dB=, and 160 dB;n to demonstrate thatfor detem:rini.ng mitigation radii in 
shallow and infemiediate water. both would be significantly les.s than the modeled data for this 
region. 

The entire I 60 dBSEIL le-\•eJ data are ,1.rilhin the length of the streamer and are well b-e.baved 
throughout this depth profile. Toe measmed sound level data in this area suggest that the 160 
dBm. mitigation radius dislan.ce would be well defined at a maximum of 8192 m but that the ] 60 
dBrm., would be close to ~ 11 km (Fig. 1 }. For a few shots along this pro file, the 160 dB=, i<J just 
beyond the end of the streamer (8 km). For these shots. extrapolation was necessary. Crone et 
al. (2014) could only extrapolate the 160 dBnn.level<J up to a distance of-11 km (~133% o-ftbe 
length of the streamer) . However. the stable 160 dBSEi levels across this interval would support 
:.ui extrapofated value of not much more than l 1 km for the 160 dBr.,,, level given that the 160 
dBrm., and l 60 dBsn. levels track consistently along the profile (Figure 5). 

As noted in Table 4 of Crone et al. (2014). the full range of 160 dB= measured radii for 
i.nterm.ediate waters i3 4291 m to 8233 m. The maximum 160 dB=,.measuredradiu.s of8233 
m (represented by a single shot at-33,750 from Fig. 1) was selected for the 160 dB""' mea<Jured 
radius in Table 4. Only two shots in wateJ depths >100 have radii that excee4 8000 m, and the.re 
were ove1 1100 i.ncli\iidual shots analyz,ed in the data~ thus, the use of 8233 mas the radius is 
consen·ative. 
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FIGURE 5. Measured radiu.s distances to the 160 dB 1.eYel for both SEL and nns along line NT 
collected in 2012 in Cascadia by FJV Langseth 's 6600 in3 airgim may towed at a depth of9 m 
(Fig. 12 from Crone et al. 2014). Line A/T ell'.tended acrO'l$ the shelf from -50 m ,vater depth 
(Shot 33.,300). 100 m water depth (Shot# 33.675). out to the shelf break at a depth of20 Om 
(~Shot # 34000). 

TABLE 4. Comparison of .modeled mitigation radii with empirically deri\·ed radii from the 
Cascadia Margin during the 2012 COAST Survey. Radii for both me.asured 160dBw~ and 
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160dBsa are shown with (m red for 160dBJL~ss) and withou1 conversion factor for source tow 
depth. It was not possible to derive deep water radii from the empirical data; thus, the deep
water radius is estimated to be 6733 m, based on modeling. 
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The empirical data collected during the COAST survey on. the Casc.adia Margin and measured 
160 dB.,,,,. and 160 dBsn values demonstrate that the modeled predictions are quite conseivative. 
'W1rile ,1.-e ha.ve sought to err on the conseivative side for om acti\rities, being overly oonservati\1e 
can dramatic.ally overestima,te potential and perceived impacts of the proposed activity. 

Evidence from multiple publications including Crone et al (2014} have argued that SEL is a 
more appropriate melric for mitigation radii calculations. However, it is important to note that 
use of either measured SEL or nns metrics yields significantly smaller radii in shallow water 
than model predictions. 

When evaluating the empirical and modeled distances, all the other considerations and aspects of 
ilie airgun array still apply mduding: 

• The airgun a.nay is actually a distributed source and the predicted farfield4 level is never 
actually folly achieved. 

• The dowmvard directionality of the airguns means that the majority of energy is directed 
downwards and not horizontally. 
Animals observed at the surface benefit from Lloyds mirror effect 
Th.ere is only on.e source vessel and the entire smvey area is not ensonified all at one time. 
but rattier the much smalle.r are.a around the vessel. 

for these reasons, we (r.,lSF] have used the mitigation radii based on the ,empirical data for 
shallow and intermediate water depths; the deep-water radii are based on modeling (Table 5). 
Similarly, data collected by Crnne et al (2017) during a survey offNew Jersey in 2014 and 2015 
confirmed that in situ measurements and estimates of the 160-dB distance collected by 'RN 
Langseth hydrophone streamer wer,e 2- 3 times smaller than ilie predicted operational mitigation 
radii. In fact, five separate comparisons conducted of the L-DEO model with in situ received 
leve1s3 have confirmed that tlhe L-DEO model generated conservative threshold distances. 

L\Bli5 . Proposed mitigation zone distanc.es for the pmpos.ed seismic survey caku]ated by 
modeling by L-DEO and. using empirical measurements from Crone et al. (20]4) from the 

1 L-DEO sw:..-eys offlhe Yucacin Penin,.7113 i:o.2004 (Bano:n & al 2006; DieooM et al 2006), m the Gulf of Mexico, 
in 2008 (Tolstoy e, al. 2009;Dlebold l!,I al 2010), oiffW:i.shington.imdl Ore.goo in 2012 (Cro:n.e e,i al 2014), and off 
New Jl!J:Sey in 2014 :md 2015 (Crone et al. 201 7). • Th.e "farfield~ <!:scribes a souad field beyond the ne:.r field 
limits dea-~ribed abo•re wMre lbe sOW1d pre;,;ure le\·el (SPL) drops off at 1he theoretical mte of 6 dB fore ;;e iy 
doubling ofdist=e from the source. This rule of thumb is called the Inn,rse Square Law. 
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Cascad.ia Mar~ the methodology used varied with.1.vater depth category (sihallow, 
intermediate, de.ep). 

Source and 
Volume 

4 s1rings 
36 airams 
6600 in3 

Tow Depth 
(m) 

]2 

Water 
Depth (m) 

>lO00 m 
100-]000 
<lO0m 

Distances (in m) to 
the 160-dB rms 
Receind Sound 
Lenl 

6,733 
'9,468 
12.650 

Determination of CumuLitirve Sound Exposure Levels (SEkw:,) 

Distance (in m) to 
the 20:?-dB Soun dl 
Exposure Le,el 

84 

68 

The SELcuc for the array was derived from calculating the mocl.ified farfie!d signature. The 
farfield signature is often used as a theoretical representation of the source level T,o compute the 
farfield signature, the souroe level is estimated at a large distance directly below the array (e.g., '9 
km), and this level is back projected mathematically to a notional distance O•f 1 m from the 
array's geometrical center. The User Spreadsheet from the National Oceanic and Atmospheric 
Administration 0-lOAA) Technical Guidance for Asses.sing rlie Effects of A11thl'<rJpogenic Sound 
on Marine Mammal Hearing was used, bu1 we relied on overriding the default values and 
calculating individual adjustment factors (dB) based on the modifi.ed furfield (see Appendix A of 
EA ). The new adjusbnent factors in the spreadsheet allow for the c.akulation of SEk,,,,, isopleths 
in the spreadsheet and account for the accumulation (Safe Distance Methodology} using the 
s.ourc,e characte-ristics (source velocity and duty) after Sivie et al. (2014). Based on a ship speed 
of 41.1-4.2 kts and a shot inte1val of37.5 m, the radius arotmd the vessei at which marbled 
murrelets could be exposed to sound levels up to 202 dB SEL was estimated to be 84! m (fable 
5). 

Seabird! Hearin,e: 

Depending on received level,; (largely a function of distance betv,een source and re.oeiver), 
portiom of the sound frequency spectrum (primarily those in fue range of 1-5 kHz) gen erated by 
airgun discharges and by the vessers e.n.gme would be audibie to seabirds below the water 
sunace. Sounds produced by the other acous1ic sources (e .g., multibea:m echosounder, sub
bottom profilei-, Acoustic Doppler Current Profiler) are believed to be well above the upper 
frequency limit of bird hearing. As a result, these devices should be inaudible to seabirds. The 
Wtdenvater hearing of seabirds (mcluding loons, scaups, gannets, an<l ducks) was investigated by 
Crowell (2016), and the peak hearing sensithity was found to be between 1500 and 3000 Hz. 
The best sensitivity o•f tmden.vater hearing for great conn.oran.t:s was found to be at 2 kHz, with a 
he-aring threshold of71 dB re J µParm, (Hll!IlSen et al. 201 7). 

:Marliled murrelet Distribution 

:Marbled murrelets are widespread along the Pacific coast and are generally found in nears.bore 
waters, usually within 5 km of shore (Nelson 1997). The population(s) of marbled murrelets in 
California, Oregon, and \Vashington has declmed by nearly 30% from 23,700 iindii..·iduals in 
2000 to 16,700 individuals in 2010 (Miller et al. 2012). The primary reason for declining 
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populations is the fragmentation and destruction of old-growth forest nestiing habitat Marbled 
murreiets are also threatened by gillnet fishing, nest predation, and oil spills. 

~ esting critical habitat for marbled murrelets ooruJists of forest stands containing large trees with 
potential nest platforms (including large branches, defo:mrities, mistletoe infestations) at least 10 
m in height; high c--anopy cover is also important for ne-Sting marbled murrd ets (USFWS 2016). 
Although terrestrial critical habila.t has been identi:fi.ed in B.C., Washington, and Oregon, no 
criticaE marine habitat has been designated for marbled murrelets to date. Marbled murrelet 
nesting occms beti.i,·een late March and August., ibut the birds remain in the waters of that region 
during the non-breeding season. 

~arbled murrelets feed at sea where they forage on small scho-0ling fish and invertebrates in 
bays and fiords and in. the open ocean (Nelson 1997). They forage near tb.e water surface and in 
ili.e water column, typically at depths <l Om; however, some birds may dive as deep as 27 m or 
de~per (USFWS 1997). Foraging dives last from 28-69 seconds (USWfS 1997). 

Feeding habitat formaJbied murrelets is mostly within 1-2 km of shore m waters up to 50-100 m 
deep (USFWS 1997). the mean offshore distance ovu a 3-year tracking study was 1.4 km 
(Hebert and Golighfly 2008). Areas >20 km from shore are hardly used by ma1bled murrelets 
(Kulelz 2005; Burger et al. 2008), and Lorenz et al. (2017) noted th.at pelagic emrironments :.30 
Jan from shore are "never used by marbled murrelets". Nonetheless, marbled murrelets have 
be,en observed up to 90 km from shore (Kenyon 2009; Adams et al. 2014; Northrup et al. 2008) 
on rare occasions. Arecas w~tb nesting hab~tat that was close1 to shore and in cool wate.rs had 
gre.ate1 probabilities of use than other marine habitat (LorellZ et al. 2016). Adams et at (2014) 
reported a density of c::0.01 mubled murrelets/km2 for the co.ntineDlal slope, where waters are 
100~2000 m deep. 

Potential Effects on Marbled murrelets 

The effects of sollllds from airguns could include one or more of ilie following: direct effects 
such as behavioral disturibance, and at least in theory, temporary threshold shift (ITS) or 
permanent hearing impairment or threshold shift (PTS), and non-auditory physical or 
physiological effects, as weU as indirect effects. However, investigations into the ef fects of 
airgwis on seabirds are ex.tremel1· limit.ed. Much of the information presented below is from the 
Programmatic Environmental Impact Statement/Overseas Environmenta] Impact Statement for 
~arine Seismic Research Funded by the National Science Fowidation or Conducted by the U.S. 
Geological Smvey (June 2011) and Record of Decision 01me 20U), referred to here as the PEIS. 

Distmbance 

There is potential for l.ocalized, temporary displacement and disruption of feeding during '>t'ismic 
surveying. However, suc.h displacements could be similar to iliosie caused by other laJge vessels 
that pass through the area. Stemp (1985) conducted opportunistic obseJVations on the effects of 
seismic exploration on seabirds. He did not find any conclusive evidence that seismic surveying 
affected tile distnlmrion or abtmdance of northern fulmars, black-legged kittiwakes, or thick
billed mUJTes. However, he c-.autioned that his observations should not be extrapolated to areas 
with large concentrations offee<ling or molting birds. In a more intensive and directed siudy, 
Lacroi:..x et al (2003) investigated the effect of seismic surveys on molting Jong-tailed ducks in 
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the Beaufort Se.a, Alaska. They did not detect any effects ofnearshore seismic exploration on 
molting long-tailed ducks in the inshore lagoon systems of Alaska's North Slope. Both aerial 
su:rveys and rn.clio-trad::ing indi.cated that the proportion of ducks that stayed near thei r marking 
location from before to after seismic exploration was unaffected by proximity to seismic s-urvey 
activities. Seismic activity also did not appear to significantly change the diving intensity •of 
long-tailed ducks. Neith.er Stemp (1985) nor Lacroi..-.. et al. (2003) ob,erved any bird injruries or 
mortalities resulting from seismic surveying ,vith airguns. However, African penguins outfitted 
with GPS loggers showed strong avoidance ofp:refen ed foraging areas and had to forage fi.utber 
away and increase their fo:raging effort when a seismic SUTvey was occ\uring within 100 km of 
the breeding colony (Pichegru et al 2017). However, the bi:rds resumed thei:rnorma] behaviors 
when sei~mic operation; concluded. 

As it is not possible to determine the distance fo:r the 150 dB re 1 µPam., rms level from the 
empirical data, here we can use the conservative modeled 160 dB rms distance as a proxy for 
shallow water areas. Modeling showed that the 150 dB ans level could be 52.6 km. If the 160 
dB rms empirically dete:rmined distance is compared to the 160 dB rms modeled distance, it is ~ 
½ the size. Thus, we can assume that the empirically derived distance for the 150 dB level 
would also be~ ½ of the modeled one, or in this case ~26 km, which aligns with the modeled 
160 dB distance of25.5 km, thus supporting our use of it as a proxy. Solmd levels up to 150 
dB= are expected to ensonify nearly all of the marbled murrelet habitat along the coasts of 
Washington and Oregon (see Fig. 2). Based on a behavioral disturiia!lloe radius of25.S km, and a 
ve:ssel speed of 4.1-4.2 knots, it v.-ould take the vessel ~? b:rs to travel 51 km or the full diameter 
of the behavioral disturbance zone. Thus, any location along the ooast is expected to be exposed 
to so\md levels > 150 dBrm for that amount of time. Also, it is expected that most locations along 
lhe coast of Washington could be ensonified only once. but that some locations along the c-0.ast 
•of Oregon could be esonified up to two times (during two separate vessel passes) but these 
passes would occur several days apart [see Description of the Proposed Action, figure l ]. 

Using the modeled radii for the 160 dBrm. sound level (fable 3), buffers were drawn around all 
of the trnmect lines u.sing GIS; the re.sulting e.nsonified areas are shown in Table 6. In our 
analysis, we used within and outside of 8 km as a distance c..itegory, as most marbled murrelets 
are thought to oce\u within 8 km. from shore (as described above). \Ve also u:sed 30 km as a 
distance category, as marbled murrelets are not eJi.-pected to occur farther than that ,offshore (see 
above). The densitie,s within 8 km fr.om shore are from 11clver et al (2019); densities for areas 
farther from shore we.re calculated base.don the extent of the marin.e area and the assumption that 
~5% of the marbled murrelet population occu:rs outsid.e of the are.as that a:re :re.gularly surveyed 
by USFWS (i.e., fartb.e:r than 8 km from shore) (fable 6). Population sizes were assumed to be 
5600 marbled murrelets for Washington and 11,l 00 maroled murrelets off Oregon (Mciver et al. 
2019). Multiplying the ensonified areas with the densities resulted in no expose.d marbled 
murrelets in nearshore wale.rs off Washington, 8,085 exposures in ne.arshore wate.rs off Oregon, 
and 458 birds in offshore waters. 'Thus, we estimate that a total of 8,453 marbled murrelets could 
be exposed to sound levels equal to or greater than 160 dB:w, during the survey. 

Table 6. Ensonified areas out to 160 dBrms, and densities fo:r the area off Washington and 
O:regon. 
State Distmce Category Density Ensonified Are.a (km1) 

(marbled 
murrelets/km 2) 
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Washington <& km from coast 1.081 0 
Oregon <8 km from coast 5.341 15 14 
Washington S-30 km from coast 0.052 1390 
Oregon &-30 km from coast 0.052 8769 

i~1dnr et al. (2019). 2 Based 0115' • of the populatioll (&35 of 16,700 mBibted mnrreleG) m an area of 16,697 km2 

off Washington and Oregoll, be:iween &-30 km fmm shore. 

However, not an of these individuals would be exposed at the same time and depending on the 
marbled mmrelet's behavior at the time the vessel passes, it may or may not be affected, 
depending on whether ~t is foraging or not, as well as other factors. Also, the airguns are 
expecte<l to operate 24 hoUIS a day off the coast of Oregon., as well as in water >200 m deep off 
\Vashington, but marbled mlllTele1s may not forage as much at night ~orthrup et al. 2018); in 
water <200 m deep off Washington, seismic ,operations would only occur d1.uing daytime. In 
order to detennine the risk of an individual being eJ..'Posed and behaving in response to increased 
sound levels, it would ibe important to know the activity budget o.f inctividuals (time spent 
diving/foraging per day). Also, llie sound levels are likely to be reduced o.e-.ar the water surface 
whe.re maroled murreiets forage (typically w~ 10 m of the- surface). In addition, at distances 
far from the vessel (>& km) and neM the coast, ambient noise- from other ve;;sel. traffic would be 
substantial, and! air:gun sotmds would not be expecte<l to add much additional nois.e. 

Ac.ousti.c Effects 

~aroled munelets feed by diving to depths of se\'eral meters or more, and alcids often em1pe 
from approaching boats by diving. Therefore, it is theoretic.ally possible, though considered 
highly unlil:ely, that during the course of normal feeding or escape behavior, some birds c.ould be 
near enough to an airgun to experience a thresboid shift by a pu]se if they dove relatively deep 
(>10 m) directly beneath the array. However, there is no evidence for such effects if they occur, 
and lha:e- is no specific information available about the circumstances (if any) where- this might 
occur. Furthe-J:D1ore, it is considered highly unlikely that marbled murrelets would dive near 
enough to a sound source to experience hearing impainnent. Uoyd's Mirror Effect further 
reduces th.e potential for PIS and ITS. Lloyd's Mirror Effect serves to reduc-e acoustic energy 
(i.e., sound levels) at and just below the water smface where seabirds oocur and/or feed. Io 
addition, the received leve] at the e-.ars of the maroled murrelet wou]d be- a Jot lower than the level 
in th.e water because th.ere is a 'bubble ourtain ' ar01.md the birds held by their feathers. 

Although there appears to be minimal risk of an acoustic .effect or injury on diving marbled 
murrelets, it was determined ho\',' many marbled murrelets may occur within the zone around the 
vessel wh.ere s01md levels could be loud eo.ough (202 dB SEL) to came potential mju:1y. Within 
th.is distance- (-·84 m; see above-), it is thought there is potential risk for injwy or PTS. As all 
vessel transects occur farther than 8 km from shore (and farther than 21 km from shore off 
Washington), sounds at this level are not anticipated to impact the majority ofibabitat used by 
marbled murrelets along the coasts of Washington and Oregon. Thus, no injurious -effects are 
e."tpe-cte<l to occur v,itb.io 8 km from shore, where- densities are highest. Although most marbled 
murrelets occur within 2 km from shore (as noted above), we are using 8 km here-, as that is the 
ma.ximum distance from shore that marbled murrelet stuveys occur (Raphael et al.. 2007). Io. 
addition, USFWS noted that maroled murrelets generaly occur within 8 km from shore and in 
water <60 m deep. 
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Using GIS, the 84 km buffer was drawn aro1md all proposed seismic transects i.n U.S. waters. 
~one of the ensonified area is 1.ocated within 8 b n from shore. If the offshore density (0.05 
marl>led murrele1slkm2) is multiplied by the area expected to be eruorufied during the smvey at a 
distance of 8 to 30 km from shore (]06 km'), that results in an es timate of 5 marbled murrelets 
that could potentially be e."\.posed to sound levels of202 dB SEL or greater. 

Depending on the marbled murrelet's behavior at the time the vessel passes, it may or may not be 
affected, depending on whetiher it is foragj.ng or not, as well as other factors. Also, the airgims 
are expected to operate 24 hours a day off Oregon and in water >200 m deep off Washington, but 
marl>led murrelets may not forage as mu{:'h at night (Northrup et al. 2018). [n orde~ to detenn:ine 
the risk of an indii.ri.dual being exposed and behaving in response to incre.ased sotmd levels, it 
wouM be important to know the acti\ri.ty budget of indi\ri.duals (time spent di\ri.ng/foraging per 
day). Al.so, the sound levels are lil,;eiy to ibe reduced ne.a:r the water surface where marbled 
mtrrrelets forage (within 10 m of the surface), and because there is a 'bubble curtain' arotmd the 
birds held by their feathers . For these reasons, even though 9 takes were calculated based on 
demity and area potentially ensonified, injurious takes would not be anticipated by the prnposed 
action. 

Indirect Effects 

lfairguns disorient, injure, or kill prey species, or othenvise incre.ase the availability of prey 
species to marbled murrelets, a seismic sun;ey could attract ibirds to within~ l O m of acti,,e 
airguns. Birds ve1y close to an airgun may ibe at risk ohnduced PIS or other injury due to the 
intense pressure pulses of tb.e airgun discharges at such dose range. However, available 
evidence from ,other seismic surveys utilizing airgum has not shown a pattern of fish (or other 
prey) kills from airguns (see Section 3J, i.n PEIS). Also, during thousmds ofhoms spent 
c.onducting biological observations from operating seismic vessels, obsewers have seldom seen 
birds being attracted to an airgun array. 

SllIDlllllllJ 

There are no scientific data indicating or suggesting that se.abirds are adversely affected by 
seismic a.irguns or other sotmd sources used during the proposed seismic surveys. Moreover, 
thousands. of hours of observational data by protected species observers during numerous seismic 
surveys throughout the \,·orld suggest that se.abirds do not remain in the water near the airgun 
array where they would be at potential risl. of injury. No marbled mwrelets, or impacts to fuis 
species, \,,ere observed during a similar seismic survey conducted in 2012 or a low ene.rgy survey 
c.onducted in 2017. In decades of seismic smveys •c.arried out by RIV La11gsetJ, and its 
predecessor, the RIV Ewi11g, obse,vers and 0th.er crew members have seen no seismic sound
related seabird injmies or mortality. In addition, the Lloyd's Mirror Effect seins to reduce 
acoustic energy (i.e., sound levels) at and just below tb.e water surface where seabirds occur 
and/or feed. Tl.ms, the potential for acoustic some.es associated with. the proposed seismic 
surveys to injure seabirds is considered insignificant. M though these activities could affect 
marl>led murrelet ibehavior above the water, such effects are considered short-term and negligible 
to individuals and populati.ons. The PEIS concluded that there could be transitory disturbance, 
but that there would be no significant impacts of NSF-funded marine seismic research on 
seabirds or their populations. The acoustic soUJce would be powered or shut down in the 
unlikely event an ESA-listed seabird was observed diving or foraging within the designated EZ. 
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The foUowing analysis addresses USFWS assumptions, analysis, and conclusions specifically with 
regard to obse1ver success, sound. impacts, marbled mun-elet foraging behavior, marbled murrelet 
density estimates, and resulting effects that vary from that of the NSF anaiysis above_ 

The NSF anailysis above iJ:)TOvi.des an e::•q>osure analysis and estimates fue number of marbled 
murrelet.s that may be exposed to SPLs that are likely to cause physical injwy or behavioral 
responses_ The ibelow analysis will address whethe-r that e.xposure is ilikely to lead to actual 
adverse effects and take of marbled murrelet The Servioe does not agree with ilie NSF assessment 
that there is minimal risk of an acoustic effect or injury on diving marbled murrelets, that 202 dB 
SEL is ~'Pected to cause iJ:)Otenbal rather thm actual injury, or that no injurious effects are 
expected to occur within 8 km from shore where marbled murrelet densi ties are highest. 
Furthermore, the S-enrice does not concur with the NS!F asse.ssment that ther,e is no scientific data 
indicating or suggesting that seabirds are adver s-ely affected by sei smic: airguns_ Nor does the 
Senric.e conc:.m with the NSF conclusion tihat the potential for ac:ou~tic sources as..sociated with the 
pToposed seismic: sun -eys to injure seabirds is consider;ed insignificant 

Iajurious Effects ofUndenvatea Sotmd Pressme 

Dara specific to seabirds is primarily limited to evaluations o•f the effects of underwater blasting 
and seismic testing (Yelverton and Richmond 1981, p. 3; Cooper 198'.2 ; Stemp ]985; Flint et aL 
2003 ; Lacroix et al. 2003)_ Monitoring of s-eabird response to pile driving for bridge and ferry 
terminal projects in Washington has generated some imoJmation on seabird respons:es to pile 
driving and has documented beha\riors that oould be indicative of physiological effects. During 
replaoement of the Hood Canal floating Bridge a pigeon guillemot (Cepphus columba) dove 
within 75 meters of impact pile driving, surfaced quickly, ,vas shaking its head, and appeared to 
have difficulty getting aiJborne (Emranco and Hamer !Environmental 2005,p. 21)_ In 2007, 
monitoring staff at the Anacortes ferry Terminal replacement project detected a marbled murrelet 
within 20 meters of active pile driving. The bird was behaving aberrantly_ It drifted veiy dose to 
shOTe, was listing to ,one side, and was paddling v.riili only one foot While most seabirds were 
leaving the are.a during pile dri\ring this bird did not dive or fly. After a. few minutes the marbled 
murrelet attempted to fly but had difficulty getting airborne (WSF' 2007, PP- 4-5 7)_ These 
observations suggest how affected se.abirds might behave when exposed to elevated tmdenvafer 
sound iJ:)ressme levels. It is impossible to estimate the exact "dose" -of underwater sound pressure 
that th.ese observed seabirds might have received, othe.r than to note that they were detected within 
a zone where we ,vould have expected ~11osme to injurious levels of unde.wate,r sound. 

Faced witlb. the absence of controJled studies of underwater sound and pressure effects from 
e.'t.pJosions specific to seabirds we utilize evaluations of the effects of .other types ,oftmde:rwater 
sounds on a. variety of vertebrate species provide the basis for evaluating lhe effects of the high 
SPLs generated b}• pile driving on marbled mmrelets_ High levels o•f tmdenvater sound are kno\l'D. 
to have negati\•e physiological and neurological effects on a wide variety of vertebrate species 
('{ elverton et al. 1973; Ye]verton and Richmond 1981 ~ Gisiner et at ] 998; Cudahy and. E]Jison 
2002; U-5. Department ofDefeJJSe 1002; Hastings and Popper 2005). ifaperimen.b, using 
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midenvater explosives found that rapid change in undenvater SPLs resulted in internal 
hemorrhaging and mortality in submerged mallards (A11as platyry11chos) (Yelverton et al. 197 3. p. 
49) . During seismic explorations, it hais been noted that :seabirds were attracted to fi.:shes killed as a 
result of fue se,i_smic work (Fitch and Young 1948; Stemp 1985) . Fitch and Young (Fitch and 
Young 1948) fomd that ru1,•ing cormorants were consistentlry killed by seismic blasts., and pelic--iIDS 
were frequently killed, but only \Vhen their he.ads ,•,ere below water. 

In general, risk of .injmy from exposure to undenvater SPI.s appears related to the ,effect ofrapid 
pressure changes, especially ,on gas-fill.ed spaces in. the· bodies of exposed organisms (Tmnpenny et 
al. 1994; Gisiner et al. 1998, p . 61). Examples of gas-.filled stmctu:Fe:S in vertebrate species are 
swimbladders, bowel, sinuses, lungs, etc. As a sotmd tra\•e]s from a fluid medium into these gas
filled s1mctures there is a dramatic drop in pressure \.Vhich can caus.e mpture of the hollow organs 
(Gisiner et al 1998, p. 60. Biologically, key variables that factor into the degree to 1,.vhich an 
animal is affected include size, anatomic.al variation and location in the water column (Gisiner et 
al. 1998, p. 61). Observation of foraging marbled munelets during impact pile driving at one 
project in Washington revealed that marbled murrelets ,vill come fairly close (within 300 m) to 
a.ctive pile dri1,1ng operations and continue to dive and forage despite elevated tmdenvater sound 
(Entranco and Hamer Environmenta] 200:5), thus fuere is a potential for expasuFe to injuriollS 
SPLs. 

Injuries from high underwater SPLs can be thought of as occurring over a c.ontinuum of potential 
effects ranging from mortality to sub-lethal physical effects including TTS. At the most se\·ere 
e.nd of the spectrum, direct mortality or obvious injuri.es can occur. . 

In July 2011, a Science Panel recommended thresholds for marbled murrelets for onset ofnon-
injmious TS in hearing. onset of auditory injmy, and onset of non-auditory injury (barotrauma} 
(SA.[C 2011). In March 2012, in response to the lack of data regarding non-injurious threshold 
shift (TS) and masking effects that oc01rr to marbled murrelets from pile dri1,ing, the Servi.oe and 
the Navy convened Science Panel II to evaluate fue onset of non-injurious TS (SAIC 2012) . 
Thresholds recommended were: 

• Non-injurious TS of 187 d!B SEL re: 1 µPa2 -sec 
• Auditory injury threshold of202 dB SEL re: i ~LPa2-sec 
• Barotrauma at 208 SEL r,e: 1 }LPa2-sec 

In the absence of established thresholds related to effects from 1D1denvater explosions, the Service 
has in the pas1 used these thre-sholds, derived specifically for pile driving, for the few consultations 
and/or technical assistance recommendations provided for projects involving explosives. 

For purposes of this analysis, effect thresholds for undenvater explosions are used because 
application of the pile-driving effect thresholds is not entirely appropriate. While bofu explosive 
and airgun stressors differ both in magnitude and the mechanism of effect, explosives more dosely 
emulate airgtm. effects. like an tmderwater explosi.on, an airgun produces a pre.ssure wave that 
radiates quickly from the detonation site. However, th.e strength of this wa\1e depends on the type 
and amount of e-A.'])losive force, the location of the airgtm in the water column, and fue distance 
from the source (the strength of the airgtm pressure wave dissipates with i.ncre.asing distance) . The 
typical blast pre&-sure wave from an explosive source consists of an in.stantaneous increase of the 
pe.ak pressure, followed by a slower (but still very rapid) logarithmic decre.ase to ambient pressure. 
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The pressure wave can be displayed as a waveform that describes the pressure-time history, where 
time is measured in milliseconds or sec.onds and pressure is me.asured in micropascals (µPa). 

Underwater exposure to explosions can result in barotrauma, mortality, and auditory damage, but 
s.everity of injury may vary based on type of explosion and distanc.e from the e.-.plosion. For 
example, if animals are close enough. to the detonation, resulting SPLs may cause injuries lo hmgs, 
livers, eyes, gastrointestinal tract, ears, kidneys, air sacs and other organs. The animals' proximity 
to the exp]osion will influence the severity and nature of their injuries. Explosive impulses behave 
dilierently underwater than in the air because of the different properties of ai:r versus water. Soim.d 
travels much faster undemater 1han in arr, so, the potential "areas where injury may occur" or 
"ranges to thresholds" are different when explosions oceur in the air versus undenvater. Animals 
will be &imilarly injured by exposure to an e::r-.'})losion depending on 1) their physiological 
characteristics, 2) proximity to the e.~losion, 3) charge weight of the e::r-.'])losive and 1he energy 
rele.ased upon detonation, and the 4) medium the t!A'})losion 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 organi&ms maintain stability by 
actively adjusting beha\.;orally and physiologically to both predictable (e.g. seasonal changes) and 
unpredictable eveJJ.ts (e.g. storms, predation) (Korte et al. 2005; :Mcewen and Wingfield 2003) . A 
classic stress response begins when an animal's central neilVous system perceives a potential threat 
to its homeostasis, thereby triggering a biological response that consists of a combinati.on of 
behaviora] responses, autonomic nervous system responses, and neuroendocrine responses 
(Buchanan 2000). When stress respons.es are repeated or chronic, allostatic loading occurs. 
Allostatic load refers to the cumulative wear and tear on the body as adrena] hormones, 
neurotransmitters. or immtmo-cytokines are released in response to the event The benefits of 
allostasis and the costs of allostatic load produce trade-.offs in be.alth and dis.ease. In the case of 
many stressors, an animal' s first and most economical response (i:n biotic terms) is ibehavioral 
avoidance of th.e potentia] stressor or a\.·oidance of continued ex1>oswe to a stress.or. An animal's 
second line of defense to stressors involves the autonomic nervous system and the classica] "fight 
or flight" response which produces changes in be.art 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 sa,tisfy th.e energetic c.osts of a slress response, energy resour,c.e,s must be 
diverted from otheJ biotic ii.mction:s, which, in turn, impair those functions that expe.rience the 
diversion. For example, when a stress response diverts energy away from gro,,ith in yotmg 
animals, th.ose animals may expe.rience stunted growth. A stre,,;s response diverts energy away 
from e.gg production, an animal 's reproductive suc.oess and its fitne.ss may suffer. 

The behavioral and physiological reactions to short-versus. long-term stress ran \ra1-y in extent and 
con-sequenc.e. The rapid onset of an unpredictable e\"ent, such as a predato1y attack, will bring on 
stre_;;s responses that are designed to aid an anima] immediately. Stress c-0ntinuing over longer 
periods (i.e. days to weeks) may result in deleterious chronic effects like increased susc.eptloility to 
fatigue and disease (Buchanan 2000). 

Relationships between the physiologic.al response mechanisms, animal behavior, and the costs of 
stress responses have been documented in seabirds (Holberton et al. 1996; Hood et al 1998; 
Kilaysky et al. 1999) and a variety of other vertebrates (Jessop et al. 2003; Krausman et al 2004; 
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Romano et .aL 2004; Smith et aL 2004a; Smith et al. 2004b). These stress responses are expected 
from exposure to the follo,,.,ing events in which multiple-per~day acli\Wes occur; detonations, 
helicopters in marine waters, and lhe overflights occmring over nesting habitat in lhe terrestrial 
environmenl \Ve anticipate that when birds experience permanently reduced hearing sensitivity 
(fS) or repeated exposure to detonations, they may experien~ additional physiological effects, 
including increased risk ofprerlatian, reduced reproductive success, and reduced foraging 
efficiency. Marbled murrelets experiencing TS may not be able to detect biologically rele\iant 
sounds such as approaching predators or prey, and/or hear their mate.s or yotlllg attempting to 
e-ommunicate. Marbled munelets that lose their hearing sensitivity are at increa5ed risk of 
piredation and reduced foraging efficiency. Some affected marbled murrelets may regain some or 
all of their hearing sensitivity; however, they are· still temporarily at risk while e11.'Periencing TS 

The NSF use of airguns will be repetitive but interspersed O\'er a large area. The stres.sors 
associated with e.~plosives are typically short in duration. In the event that marbled murrelets are 
e..~posed to airguns and not injmed or killed, we expect that they will .respond with. a startle 
response, flushing, and/or avoidanc.e behaviors (i.e., diving, or leavmg th.e area). Whether the,;.e 
behavio.ra.] responses result in a measurable ,effect to in.di\iiduals depends largely ,on the duration of 
fue exposwe. 

Beha\iior of Compressed Air Seismic Sources 

It is important to acknowledge that "airguns" are not g1.1ns in that they do not produce an explosive 
type of force, and while airguns do emit high SPLs, they do not produce the same energy as a 
typical explosion (e,g ., from ordinance), nor in this ca.se a.re they used in open air; ra,ther they are 
more accurately characterized as "compressed air underwater seismic sour~s." Iypic.ally, a 
compressed air source (airgtm) has two air chambe.rs armmd a piston.. Air from one chamber is 
redirected, pushing the piston out of the way and allowing the release of air which forms a bubble, 
thereby generating sotllld created by the e.~on and contraction of the bubble (Gisiner 2016, 
pg. 11). However , the bubble has little to do with the propagation of the so1md; rather most of the 
acoustic energy coming from the compres-s.ed air source oc.curs the fraction of a seoond before fue 
air e.xpands (Gisine.r 2019, entire) . The compressed air pushing water out of the way initiates the 
somid or pulse. A directed pulse of air (or sound) is only achieved when multip le airgtms are 
configtued in an array (Massa 19&9. entire) combining the pulses from multiple some.es and has 
fue effect of cancelling out high frequency sowid (Gisiner 2019, entire) . While the sotmd is 
directed at the sea fl.o-0r, lateral sowid is also expected at multiple I.ow frequencies. The sound 
propagation effects from a compressed air source behave differently than that of an imdenvater 
ordinance explosion or pile-driving in that sotmd levels ne.ar the sotmd source are relatively "slow" 
and do not produc.e a shock wave compared to that of an e.-..plosive or pile strike (G:isiuer 2019, 
entire). Lack of a significant shock wave limits fue barotrauma eftect on :miroals compared to 
e.."{}>losives or pile-driving. The sound also t.ends to spread out and becomes less "peaky" over 
distance, which ha:s the effect of minimizing the impact on ' 'masking" the ability of animals fo 
communicate (Gisiner 2019, entire). The seismic source is focused on generating low frequenC}' 
energy, weU be]ow the hearing limit of most animals. Therefore, impacts from the seismic sound 
source result primarily from the particle motion of the pulse nearest to the source (Gisiner 2019, 
entire). In the wateJ" column, as the sotmd moves furtheJ" away from the source, it attenuates 
significantly from a sharp pulse to a tone (Gisiner 2019, entire) . These differences between 
e.~plosive ordinance and airgtm effects are expected to affect e.--q,osure dis tances and level of 
injurious effect. However, lhe SPls produced by a.irguns have been sho,vn to cause significant 
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injury to seabirds at d ose range, and tib.e Senrice concludes marbled murrelets exposed to the SPLs 
referenced above are reasonably likely to be injured or killed.. 

Observa- Success 

Tuning a 2019 seismic survey of the Axial Seamouot (RPS 2019, pg. 3), which is located wilh.in 
lhe action are-lli of the proposed action herein, there ·were no sightings of protected ESA-listed 
seabirds. However, the likelihood of listed seabird presence and risk of ei..'Posure is exponentially 
greate1 for the proposed west coast seismic smvey because the scope of this action is much greater 
(6,540 km of transect lines covered for 37 days of seismic operations). Fm1:hermore, due to the 
detectability fuctors discussed above and below, the lack of observed marbled murrelets during 
prior surveys does not sufficiently predict the exposure risk. Marbled murrelets could be foraging 
in the area of gre.atest sotmd/impact when the operations are , .. ;thin tib.eir marine habitat use areas. 
Smvey a.ctivities are operating 24 hrs per day, with only passive acoustic monitoring during hours 
,of darknes.s. Passive acoustic monitoring d.oes not detect seabirds. We know that marbled 
murrelets primarily forage at night, in particular we know that adults feeding chicks are obtaining 
fish prior to predawn flights inland during the breeding sea.son (when this project is occurring). 
Operations can occm in sea conditions (> Beaufort sea state 2) that result in reduced ability of 
,observers to detect marbled mU1Telets. Ma.rl>led murrelets are unlikely to be detected during 
nighttime operations (pre-da,,,n and post-stmset foraging times) and may go undetectt>d by 
,observers during daytime operations~ pmver dO\vn/shut dmm procedures would not occur when 
marbled murrelets go undetected. Generally, detection o-fmarbledmurrelets will be limited by 
v~ssel speed, visibility, sea state, observer experience and the number of obse.rvers, and 
-observations can be expected to drop ,off with distance (Raphael et aL 2007; Mack and Raphael 
2002; Becker et al 1997). These assumptions sugge,;;t lib.at the validity of marbled murrelet density 
survey results and observer d.etection success may be ,e.nhanoed if more observen; are involved. 
Hoekman et al. (2011) recommend the use of two observers, periodic calibration ,of detection a.ear 
lhe transect center line and ib incoiporation into density estimates, and the use of sk illed observers 
coupled with analytic methods to accoUDt for wridt>ntified marbled munelets. 

It is likely in relatively good conditions that the obse:rvers should be abie to effectively monitor 
and implement shut down procedures in the zone where the greatest potential for marlJled murrelt>t 
injury may occur at a distance of ~&4 m from the source where lhey would be exposed to sound 
le,..·els of 202 dB SEL or gre-lliter sound levels at distances closer to lhe source. However, 
detection success is e.xpected to be limited in poor \iisibility conditions wh.en marl>led murrelets 
may be most actively foraging (twilight and dawn). 

NSF also claims that thousan.ds of hours spent conducting biologic.al obseniations from openting 
seismic vessels, obseii;ers have seldom seen. birds being attracted to an airgun array. While we 
find it reasonable to assume birds may not be attracted to an airgun arra}', particularly one in 
operation, it is reasonable to assume birds would be attracted to the vessel lighting. Under the 
proposed action, the vessels will have downward pointing lighting which is expected to limit 
physic.a] se.abird interactions with the vessels. \Virile observers will be present on the RIV 
Langseth to make note of any seabird inte1-actions wifu the "·essel, the RIV Ocean11s would not be 
involved in the seismic survey other than instrument deployment/retrieval and this work will be 
done when the vessel is in a stationary position. On that basis, we do not anticipate significant 
adverse effec-ts resulting from marbled murrelet interactions with the RN Oceanus. However, i.t 
is possible lb.at a ve.ry limited number of marbled murrel.ets that may be present could be 
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attracted to and disoriented by vessel lighting, resulting in collisions and potentia] injUij'. In the 
event of such events, we anticipate a likelihood that a marbled mnrreJet will be handled by 
trained o bsewers if it becomes injured and unable to fly away on its own. AJ though we c.annot 
predict to what extent vessel/marbled murrelet interactions may occur, if at all, o'l>servers 
onboard the R.JV La11g.seth will be e::s.-pected to rep-0rt any such instances. Based on the ab-0ve 
discussion, the Service anticipates the ability of the obseI\ler program to minimin mmbled 
murrelet exposure to injurious effects from airguns will have linliled sucxess. 

Influence of Climate on Action Affects and Prev Availability 

Variability in winds, sea surface temperatures, and sea level pressures affect upwelling and marine 
productivity in the CCS. Y ear-to-ye.ar variability (e.g., El Nino) and longer-term regime shifts 
(e.g., Pacific Decadal Oscillation) can have consequences for seabird diet and foraging are.as. 
During strong El Niiio events, c.oasta] upwelling winds are reduced, there is an intrusion of 
offshore subtropical water, surface waters are warmer and more nutrient-poor than usual, and th.e,re 
can be dramatic declines in primary and secondary production lha1 can lead to poo.r recruitment, 
growth, and s11JViva] for many resident species. It is common to have northward range extensions 
-of many tropic.al species during El Nino events. During La ~iiia events, the reverse is generally 
true, with oolder, more nutrien t-rich waters present Many studies have shown that reliance on 
different suites of prey species due to environm.ental conditions c.an impact seabird productivity 
(e.g., Ainley et al. l.995, Sydeman et at 2006, Wells et al. 2008, Wolf et al. 2009, Ctuy et al. 201 1, 
Thompson et al. 1012). In general, oold water events o.r oold ocean phases have been linked to 
greater prey availability for breeding seabirds (Ainley et al. 1995, Veit et al. 1997, Hyrenbach and 
Veit 2003, Ainley and Hyrenbach 2010), though a combination of ocean jprocesses operating at 
various temporal and spatial scales ultimately determine foraging opportunities. The 2020-2021 
La ~ma event appears lo have peaked in October-December as a moderate strength event (\VMO 
2021, pg. 1). The latest forec.asts for waters off Oregon and Washington suggest upwelling, 
surface temperatures, and bottom oxygen will return to nea.r "charac.teristic" or nonnal conditions 
by the April-June 2021 season (WMO 2021). Lower sea surface temperatures and strong 
upwelling events have strong positive influences on fish populations (Desimone 2016). Mubled 
murrelets are lilely to forage farther from nesting si tes during El Nino yea.rs when prey availability 
is low for reasons other than a lack of upwelling (Becker and Beissinger 2003). Given this project 
will be oocm:ring from late-May through July of 2021, it is reasonable to suggest that relatively 
neutra] or improved nearshore foraging conditions \¥ill be present for the marbled mwrelet during 
this ti.me frame due to th.e lack of a. negative El Niii.o effect on these resources, thereby reducing 
the potential for highe.r exposme levels predicted by NSF. While not e::s.'Pected to eliminate 
significant mrubled murrelet e."<.posure to SPls, it is reasonable to assume a gre.ater concentration 
ofmarli led murrelets are lil:ely to be foraging within nearshore waters and furthe,r away from the 
sound source. 

NSF makes a somewhat misleading claim that a.vailable eviden ce from other seismic surveys 
utilizing airguns has not shown a pattem of fish (or other prey) kills from airguns. While research 
has not sho\\rn fish mortality from airguns, temporary threshold shifts (he.aring loss) have been 
demonstrated repeatedly (Poppe.rel al 2005. pg. l ; Song et al 2008, pg. 1), and these studies 
cannot not be e.,;;trapolated to other fish species and or e.'i})osure to a la.rge,r number of airgun shots 
m deepe;r water and ove:r a longer period of time (Popper et al. 2005, pg. 1) . As such, the primary 
c.oncem with airguns and forage fish availability fo.r ma.rbled murrelets is not mortality, but the 
temporaIJ' loss of hearing (fS) in the affected fish causing a behavioral response by the fish, such 
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as diving into deeper \Vater until the sound source has diminished. This in h.llll could lead to 
reduced o\•era]) marbled murrelet foraging success rates, which is likely to incre.1se the likelihood 
of also negatively affect breeding success (reduce individual fitness). Overall, while it is likely 
marbled murrelet foraging bouts aFe likely to be interrupted when birds are exposed to significant 
SiPLs, the effects of the proposed action on prey availability is expected to be temporary and 
limited_ 

likel~hood ofEXJlosure and Reyons.e to Effects of AirfilJDS 

In developing their exposure estimates, the NSF analysis does not consider the potential for 
reduced exposure due to shut down prooedur.es should a marbled murrelet be detected, thereby 
assuming only a potential for successfu] detections. Malbled murr,elets forage near the water 
surfaoe and in the water column, and as mentioned in the NSF analysis above, typic:.ally at depths 
<10 m. However, marbled murreJ.els may dive as deep as 27 m or deepe1 (USFWS 1997, entire). 
It is possible they are capable of diving to a depth of 4 7 m (1 5 7 ft) based on their body size and 
di,ing depths observed for other alcid species (Mathews and Burger 1998, p. 71). The NSF 
analysis also suggested the sound level r,eceived at the ears of the marbled murre]et would be a 
lot lower than the level in the water because there is a 'bubble curtain' around the birds held by 
their feathers. The Service concludes this factor may provide far more limited protection than 
appears to be presumed by the NSF, it remains likely that some marbl.ed mu:o-elets are likely to 
be exposed to significant injurious effects ·when diving \.vithin 84 m of airgun operations. 
However, whiJe not proposed by the NSf, research has sho1,1,n that an induced bubble curtain 
concenlrated around the air-gun ports could be an ,efficien t and practical solution to reduce th.e 
high-frequency acoustic emission from air guns (Wehner and Landro, 2020, pg. 1; Teachout, 
2012, entire). 

Pennau e-nt Injury· or Mol'tality- Using the 84 km buffer drawn around all proposed seismic 
transects in U.S. waters where sound levels would be 202 dB SEL or greater, NSF as-serted none 
of the ensonified area is located within & km from shore. NSF used this information to estimate 
5 malbled murrelets would be potentially exposed based on their offshore density (0.05 marbled 
murreletslkm2) multiplied by the area e.icpected to ibe ensonified during the survey at a distance of 
8 to 30 km from shore (]06 km2

). Then )!SF inexplicably suggested that their e11.1>o sme analysis 
results indicated 9 potential takes based on maibled murrelet density and. area potentially 
ensonified, and that injurious takes would not be anticipated by the [Proposed action. We have to 
assume the "9" takes was a typo, and the "takes" would have been more correctly assessed by 
NSF as the numbeI of birds potentially e.icposed to adverse effects that may lead to incidental 
tal:e~ and although e1.1>osure does not directly extrapolate to an adverse effects leading to 
incide.ntal take, NSF offers no support for their finding that this leve] ofe11.1>ostrre would not 
result in any injurious effects. Furthennore, the )!SF failed to acknowledge the proposed action 
would oc:cur in waters 60 tol 00 m deep (only off a portion of the coast of Oregon), well within 
the area known to be commonly used by marbled murrelets likely e:iq)osing a greater proportion 
individual buds there to 202 dB SEL or greater . 

These e:i..1>osure estimates are offr.et by the fact that not all marbled m1melets are on the ·water at 
all times, not all marbled mmre1ets on the water will be diving, and birds some may simply move 
away from the sotllld source. However, based on 1he above information and analysis, we believe 
it is reasonably likely that one or more marbled murrelets across the entire survey area are likely 
to he e:i..'Posed significant injury due to high SPLs, but thls [eve] of impact will not significantly 
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reduce marbled murrelet numbers or distribution in the acti.on area or range wide. 

I' empora1·y Injury or Beh.n-iol'al Changes - Areas may be ensonifi.ed more than once and any 
single point may be ensonified at or above the 160 dB behavioral respons(! th.Feshold for a. 
maximum of6.5 hoUis. The Senrioe established thresholds for onset ofbehaviora] changes to 
marbled murrelets from 1mdenvater explosions at 150 dB. However, fue NSF were unable to 
provide model results to the 150 dB level as the overly c-0nsavativ,e inputs c-0mbined with the 
exponential factoring result in exaggerated and unre.alisti.c results. The NSF cited strong 
empiric.al data that supports analysis to the 160 dB isopleth and noted the empirical data does not 
readily support deriving the 150 dB isopleth.. Also, given that the behavior oflmdenvater 
compressed air explosions is less violent compared to the detonation oftmdenvater ordinance or 
pile-driving, the exposure threshold fo:r significant marbled murrelet behavioral changes in 
response to compressed air emission-s from airguns at 150 dB appe,us reasonable if not 
conservative. Mm:bled murrelets that experience TS from exposure to a:irgums at 150 dB are 
e.xpected to have damaged hair c.ells in their inner ears and, as a result, may not be able to detect 
biologically relevant sounds such as approaching predators or iPrey, and/or hear their mates or 
young attempting to communicate. Marbled mmrelets that lose their nearing sensitivity are at 
incre.ased risk of predation .and reduced foraging ,efficiency. Some affected marbled murrelets 
may regain some or all of their hearing sensitivity; however, they are still temporarily at risk 
while e:-..'Periencing IS. Even birds not ~'Periencing TS are likeliy to experience interrupted 
foraging bouts or resting attempts, \\"hich cre-:ates a likelihood of injury by significantly disrupting 
nom:ta] behaviors (as a result ofthe-:ir diving repeatedly or vacating the area) . Foraging efficiency 
is filely to be reduced, and energy expenditures are likely to be increased above nom:tal when 
th.ey flush and/or relocate out of the area. Marbled murrelets are also likely to incre.ase their 
diving efforts in response to fuese lost foraging opportunities, or to replace prey dropped or 
swallowed, or to escape from perceived predator. 

NSF estimates that a total of&,453 marbled murrelets may be potential]y e-:\l)osed to sowid levels 
equal to or greater than 160 dBans during survey operations . This level of e.-...'Posure i.s ibased on 
prior marbled murrelet density estimates that typically "·ary acrnss years and are subject to 
asswnptions as well. Furthermore, a behavioral response to exposure at these so1md levels may 
not always directly translate to .adverse impacts bec.iiuse- many of these r~:ponses are expected to 
be msignific:ant. Although marbled murrelets may not generall)' be e:A.'Pected to move away 
,vhen approached b;1 an oncom.in_g vessel or increasin.~ s01md le\•els, it is not unreasonable to 
assume a number of birds may simply mo\~e a\vay from the onc:omin,; sound source as it comes 
closer and the airguns are :firing at short inte:rva!ls. As discussed above, exoe:pt in the hours 
before sunrise and after suns.et, nesting marbled murrelets are not expected to be on the water at 
ni_ghl It is not reasonable to assum.e all 8,453 pote.ntially exposed marbled murrel.ets will be on 
the wate.r 24 hours per day, or for th.ose th.at are on the water, di.vin_g 24 hours per day, as they 
may spend substantial time periodically loafin~. For these reasons, durin~ the course of the 
survey it is un]il,;ely that all 8,453 marbled murrelets will be exposed in a manner that results in 
significant impacts to individual birds from beha\rioral changes that may temporarily reduce 
foraging or reproducti\re s·ucoess. However, for a subset of marbled murrelets, it is reasonable to 
assume eal)osure will J~d to a likelihood of adverse behavioral effect-s .. 

Individual marbled murrelets that e.xperienoe TS from eA'JlOSure to explosions are expected to 
have damage to the hair oeUs in their inner e.;u-s and may not be able to detect biologic.ally 
rele\•ooi so1mds such as approaching predators or prey, and/or hear their mates attempting to 

Appendix F 

Final Environmental Assessment/Analysis for L-DEO Cascadia Subduction Zone, 2021 F-82 



 

     

81 
communicate. Birds with reduced hearin~ semitivity are at in.crea<ied risk of predation and 
reduced foraging efficiency. Some birds may regain some or all of their hearing sensitivity; 
however, they are sbll temporarily at risk \,1hile experiencing TS. Additionall'}', marbled 
murrelets that ar,e exposed to e-.'(.pfosives but do not exp-erience TS may respond by flu1,hin~ or 
temporarily oe:asing to forage; ho\.vever, th.ese birds are expected to retum to normal behaviors in 
a short period of time. forindi\iidual marbled mtmeiets 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). 

For uninjured individuals exposed to single Wl.1.1.-ater e-.'(.p]osive events, these responses would be 
short term and we would not e.'<.pect significant disruptions to their normal behavior that would 
create a Likelihood ofinjmy. HO\n-ver, since the seismic survey will result in re-peate.d SPLs in 
close proximity along a transect, it may result in si~ficant disruptions to a marbled murrelet's 
normal foraging beha\iior, potentially reducing individual fitness or their ability to feed a chick. 
As such foraging success may be temporarily reduced for birds that are actively fora.~ m. are.as 
where the proposed action is producing sowid at or above the 160 dB behavioral response 
threshold. However, due to the unpredictable variables discussed above, the actual number of 
marbled murrelets likely to be adversely affected in this manner is di.fficnlt to estimate with any 
c.redible precision. Therefore, ,,.-e anticipate the number of marbled murreleis adversely affecte.d 
is likel)• to be much less than the number potential!ly e.'(.posed as calculated by NSF in the above 
analysis. 

Effects of 0th.er Acoustic Sources 

In addition to the operations of the airgun array, a multibeam echosounder (MBES), a sub-
bottom profiler (SBP), and an Acoustic Doppler Current Profiler (ADCP) 1.v01tld be operated 
from R.N Langseth continuously during the seismic surveys, but not during tr-an.sit to and from 
lhe survey area. The RN Oceanus ,,;mtld operate a single-beam dual-frequency ec.hosotmder (4 
and 12 kHz) and an ADCP. 

The NSF EA and the PEIS did not indicate there was a potential for effects from use ofMBES, 
SBP and ADCP on seabirds, focusing primarily on marine mammals, sea turtles and 
invertebrates (NSF 2019; USGS 2011). YIBES instruments have been u.sed to track .fish 
schoolmg, detection of deep~sea animals, and predator-prey interactions of marine animals 
(Wilfuun_son et al 2016, e.ntire; Dunlop et al. 2018, en tire; \\iaggitt et al 2016, entire). The PEIS 
suggested sounds produced by the MBES, SBP, and ADCP are believed to be well above the 
upper frequency limit ofibird hearing, suggesting these de,iices should be inaudible to seabirds, 
but due to the lack oftmdenvater audiograms for seabirds, this cannot be known with certainty 
(USGS 2011). 

The oce.an. floor would. be mapped with the Kongsberg EM122 MBES. The Kongsberg EMl22 
~ES operates at 10.5-13 kHz and is hull-mounted on the RN Langseth. The maximum sourc-.e 
level is 242 dB re 1 ~•Pa·nns. Each ping consists ofei~ht (in water >3,281 ft [l.000 m] de~p) or 
four (<3,281 ft U,000 mD successive fan-shaped transmissi.ons, each ensonifying a sec.tor that 
extends 1 ° fore-aft. Coutinuous-waive signals in.crease from 2 to 15 ms long in water depths up 
to 8,530 ft (2,600 m), and B.f chirp signa]s up to LOO ms fong are used in water >S,530 ft (2,600 
m) in depth. The successive transmissions span an overall cross-track angttlar extent of about 
150°, with 2-ms gaps between the ping,.s for successive sectors. The high frequency sound 
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emitted by the MBE-S (10 .5-13 kHz) is exl)ected to be within th.e hearing range of marl>led 
murrelets (10and1 1.5 kHz., see Nelson 1997; Sanborn et al 2005; SA[C 2012). Furthermore, 
the ma."<imum source level of242 dB is well 1.-,·ithin the range {202 dB) expected to cause similar 
audito1y and other physical injuries to marbled murrelets as described above for the airguns, so 
marbled murrelets diving near the source are likely to be significantly affected. Ho\\·ever, 
depending on the distance the mgun array is towed behind the vessel (50-200 m) the effects of 
the airgu.u; on marbled murrelet~ at the som~ could be g:reateJ. 

The ocean floor would also be mapped with the Knudsen 3260SBP which transmits a beam as a 
27° cone directed downward by a 3.5-l:Hz transducer in the hull of the RJV La11gseth. The 
nominal power output is l O kilowatts (kW), but lhe actual maximum radiated power is 3 kW or 
222 dB re l µPa-m. Toe ping duration is up to 64 ms, and the ping interval is 1 s. A common 
mode of operation is to broadcast five pulses at 1-s intervals followed by a 5-s pause. The low 
frequency sound emitted by the SBP is not witlring the hearing range of marl>led murrel.ets (l 0 
and i l .5 kHz, see Nelson 1997; Sanborn et al. 2005; SAIC 2012), though the muimum sound 
sour~ level of222 dB is weU within the range {202 dB) expected to cause similar physical 
injuries to m:nbled murrelets as described above for the airgmis, so marbled murrelets diving 
ne.ar the source are likely to be significantly affected. However, the exposure is mitigated by the 
narrowly directed beam (27° cone), and depending on the distance the airgun army is towed 
behind the vessel (50-200 m) the effects of the airgtms on marbled murrelets at the source could 
be greater. 

An ADCP would be used to calculate speed -of the water current, direction of the current, and the 
depth in the water column of the current. The ADCP would transmit frequenc.ie.s at 3 5-1 ,200 
kHz, also not expected to be within the hearing range of marbled mimelets. Some research has 
occurred for effects of ADCP ins1nunent (sonar or "pingers") operations on ,;eabirds. For 
e.'Ul!Dlple, 11:eivin et al. (1999) found that imderwateir acoustic pingers opeaali.ng at 1.5 kHz (±1 
kHz) at a signal duration o.f300 ms (±10%) every 4 s (±10%) at 120 dB re l µPa deterred diving 
seabird-;. (common murre and rhinoceros auklet~ family Akidae) from gil!l nets used to catch 
salmon. When high-frequency sonar (greater than 10 kHz) is used, we expect that marbled 
murrelet:s can hear the sonar when the frequenci.es are between 10 and 11.5 kHz (Nelson 1997~ 
Sanborn et al 2005; SAIC 1012). Therefore, we do not anticipate marbled mmrelets will be able 
to hear the sound produced by the ADCP, nor is the sound pressure level expected to result in 
significant behavioral changes (IS or TIS) near the source of the ADCP transmitter. 

The effects of som.e of the other acoustic sources addressed above are expected to result injury ot 
beha\iiarn1 impacts to indi,,.idual m:nbled murrelets. However, since these effects will be taking 
place in the same area where airgun effects will ocrur, we anticipate little to no additional 
significant impacts to in.dividual mru-bled murrelets are likely to occur beyond that discussed for 
theair:gtms. 

Other Possible Effects of Seismic Surveys 

Other possible effects of seismic surveys on marbled murrelets oouM include masking by \l'esse1 
noise, disturbance by ·vessel presence or noise, and injury or mortality from collisions with vessels 
or entanglement in seismic ge.ar. Ve.ssel noise from RN LQJJgseth could affect ma.bled muneletll 
in the proposed SUf\'ej' area. The vessel will be traveling at a fairly slow speed of 4 .1 -4.2 knots 
(-6 mph) during seismic surveys. Houghton et al. (2015) proposed that vessel speed is the most 
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important predictor of received noise levels, and Putland et al. (2017) also reported reduced sound 
levels with decreased vessel speed. Vess.els have c-0mbustion engines which produc.e low
frequency, broadband Wlderwate.r sotmd .. Sounds prod11ced by larg-e vessels generally dominate 
ambient noise at frequencies from 20-300 Hz (Richardson et al. 1995). However, some energy is 
also pi-oduced at higher freque.ncies (Hermann.sen et al. 1014). \Virile the sound levels originating 
from operation of the vessels may be det ectable by mai-bled murrelets, these som1.ds are transient 
and of a re1ativeJy short du.ration such that measurable effects are not anticipated. Therefore, 
effects -ofvess.el noise on mai-bled mtttrelet are considered insignific.ant. 

Summan1 of Key Findin~s of Effects of the Proposed Action on the Marbled murrelet 

In the analyses iPresented above, the estimated areas of e.icposure encompass the full range of 
adverse effects, from temporary threshold shift to direct mortality. A very small number ,of 
indi\ii.dual martiled murrelets that are e::..1>osed to elevated sound pressure levels c.aused by the 
seismic smveys are likely to be kiJ]ed or injured depending on their iProximily to th.e source of 
these stressors:. Possiible injmies include loss in hearing sensitivity (TS), scarred or mptmed 
eai:drums, or gastrointestinal tract lesions. Although affected marbled mmrelets may survive their 
exposure to these and other stressors:, they are likeiy to haw a reduced level of fitness and 
reproductive succe~ and have a higher risk of predation. Exposed individuds. may also 
experience lethal inj1,tries that occur instantaneously or over time, direct mortality, lung 
hemorrhagj.ng, mptured livers, hemonhage.d kidneys, mptured air sacs, and/or coronary air 
embolisms. 

11artiled murrelets that ai-e e.,qiected to e1i.1>erience I S are expected to have damaged hair cells in 
their mnec e.ars and, as a result, may not be able to detect biologically relevant sounds such as 
approaching predators or prey, and/or heai: their mates or young attempting to communic.ate. 
11artiled murrelets that lose their he.ming sensitivity are at increased risk of predation and reduced 
foraging efficiency. Some affected marbled mw:relets may Fe.gain some or all of their he.a.ring 
sensitivily; however, they are still temporarily at risk while expei-iencing TS. 

11artiled murrelets that ai-e e.~pected to be exposed to otheJ streS-sors caused by seismic surveys, 
but do not experience TS, are likely to experience inienupted foraging bouts or resting attempts, 
which creates a likelihood of injwy by significantly dismpti:ng normal behavio.rs (as a Fesult of 
their diving repeatedJy or vacating the area). Foraging efficiency is likely to be reduced, and 
enei-gy e.xpenditures are likely to be increased above noimaJ when they flush and/or relocate out of 
the area. Marbled mtmelets are also likely to ilrnrease their diving efforts in response to these lost 
foraging opportunities, or to replace· prey dropped or swallowed, or to ,esc.ape from perceived 
predator. Of the thousands ofmarl>led murrelets potentially ex1>o~ed, up to several htmdred 
marbled murrelels are likely to be temporarily adversely affected in this manner across the entire 
survey area. 
~SF established that the pmposed action may expose thousands of marbled mtmeJets to injurious 
sound pressure levels based on marbled mw:relet density and distance from the source. While the 
Service concludes some indi\ii.dual matibled murreiets will be exposed to injurious sound pressure 
levels, we have also determined that the actual number of marbled murrelets adve.rsely impacted is 
Jike]y to be low. We have re.ached this detemriuation for the following reasons: 

• Not an marbled murrelets upon which the density e.stimates are based are expected to be on the 
water at any given point in time during survey operations. 
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• Many marbled murrelets on the water may be loafing or resting instead of diving wh.ere they 

would be most likely affected by sigp.ificant unde.nvater sound pressure level s. 
• fatcept during for a sh.ort period during pre-dawn and after sunset, marbled murrelets are not 

ell.'J)ected to be foraging dwing nighttime operations so will not be exposed to increased sound 
pressure levels dming a significant period of the survey. 

• Oc-ean conditions during the· survey period are likely to promote .marbled murrelet foraging 
activities closer to shore. lilely resulting i.n fewer birds achmily e}.'J)OSed to signifi.cant effects 
from increased sound pressure levels beyond 8 km from shore. 

• The effect of increased sound pressure levels on marbled mmrelet prey availability is expected 
to be short-term or insignificant limiting the risk of missed foraging attempts. 

• Not all marbled murrelets actually exposed to increased sound pressure levels known to cause 
ibehavioral changes will e:x-perie.nce temporary threshold shift or behavioral changes that result 
in a significant ,effect. 

Cumulative Effects 

Cumulative effects include the effects of future State, tribal, loca] or pri\•ate ac1ions that are 
reasonably certain to occur in the action area considered in this biological opinion. Future federa] 
actions that are unrelated to the proposed action are not comidered in this section becat1Se they 
require separate consultation pursuant to section 7 of the ESA. Th.e States of Oregon .and 
Washington manage and aufuorize activities i.n tenitorial waters from the shoreline out to 3 nm 
from shore. 

Many activities in State waters are managed by States, nibe:s, and local jurisdictions in a manner 
consistent with those in federal waters (e.g., under fisheries management plans, and oil spill 
response plans). The USFWS, 2019 5-ye-ar status review for the marbled murrelet (2019, pg. 33-
35) addressed thre.ats related to the reduction oflligih~uality marbled mWTelet food sources; that 
review is herein incorp-0rated by reference. That review noted that Pacific herring and mchovy 
stocks may have been significantly reduced in part by overfishmg. th.ough Littl.e is known about 
these stocks due to limited sampling. iR.ecre.ational fisheries are allowed, although rare, in marine 
waters. Until the.re is sufficient data avail.able, Oregon is prohibiting development ofne\-v directed 
commercia] harvest of forage fish, including the Pacific herring. In Washington and 'Oregon, there 
is no northern anchovy stock abundance information. However, there are commercial fisheries in 
State waters off the southern Washington coast, Grays Harbor, and Willapa Bay that provide live 
and packaged bait for r;ecreational and co:mm.ercial use. Since 2000, the highest reported landings 
of anchovy were in 2009 w~th over 800 metr.ic tons being harvested; however , since 2010 the 
harvest level,; have been below 300 metric tons. Paci.tic 'Jardine fisheriei.. have been dosed more 
often than not in the recent past due to significant reduction in sardine biomass. While non-treaty 
sardine fisheries are closed, a small han;est amount was alloc.ated to the Quinault Indian Nation 
that has conducted a commercial pllI'se seine fishery within their usual and accustomed fishing 
grounds directly off Westport/Grays Harbor, Washm.gton since 2012. Lesser quality marbled 
murreiet forage base includes surf smelt and sand lmc.e. There continues to be no rigorous 
assessments of Washington.' s surf smelt stocks. Although there c.ontinues to be commercial and 
recreational fisheries for surf smelt in Washington, tha-e are bycatch. restrictions in place. We 
have no new information on the status of the sand lance in Washington. In Oregon, recreational 
fisheries are allowed, and sand lance may ibe incidentally taken during herring fishing, but the State 
has prohibited dev elopment of new directed commercial harvest of forage fish, including the 
Pacific sand lance. 
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Urbanization and residential development have led to the significant loss or physical alteration of 
intertidal and shoreline habitats, as ivell as to the contamination of many estuarine and nearshore 
areas (75 FR 63935; dated October 18, 2010). We are also incoiporating by reference the analysis 
of cumulative effects prepared in the Programmatic Environmental Impact Statement/Overseas 
Environmental Impact Statement for Marine Seismic Research fimded by the National Science 
FoW1dation or Conducted by the U.S. Geological Survey (Jime 2011, section 4-1); that document 
includes a summal)• of cumulative effects affecting the marbled murrelet and its habitat within the 
action area, including fishing pressure, and other sources of Wldemrater sound. 

Concl11Sion 

Afterreviewmg the current status of the marbled murrelet, th.e environmental baseline for th.e 
action area, the effects of the proposed 2021 West Coru.t Seismic Survey and cumulative effects, it 
is the Service's biological opinion that the 2021 West Coast Seimlic Survey, as proposed, is not 
like]y to jeopardize the continued exis1ence of the marbled mwrelet. Therefore, the Service has 
concluded the l.evel of take anticipated from the proposed NSF seismic smv,ey is not hlel1y to 
appreciably reduce the W:elihood ofiits sunrival and recovery by reducing marbled murrelet 
numbers, reproduction, or distribution in the wild. We bru.ed this detenninaticm on the following 
factors: 

• The effect of increased sound pressure levels on marbled murrelet prey availability is 
eA'Pected to be short-term or insignificant, and suc.oessful foraging bouts are likely to be only 
temporarily delayed, fuereby posing limited risk of signific-aDt impacts resulting from missed 
foraging attempts. 

• Th.e presence of multiple onboard PSOs and associated protocols including shut down 
procedures is likely to avoid some risk of marbled murrelet exposure to inc-reasing sotu1d 
pressure levels in good visibility conditions. 

• The vessels witi have downward pointing lighting to limit the risk of signific-.ant injury to 
marbled mimelets due to vessel strikes. 

• Due to the nature of the p.roposed action and the affec.ted environment, we anticipate (]) a 
small number of marbled murrelets are likely to injured iby increased soimd pressure levels 
known to cause behavioral changes (thresh.old shift), and (2) relatively few marbled 
murrelets likely to be actively foraging in the areas where physical injury or mortality from 
mcreased sotu1d pressure levels ar,e expected bee.awe: 

• Marbled mmrelets are not expected to be foraging during nighttime operations so 
will not be e~'Posed to mcreased sound pressure levels during a signi.fic-ant period 
of the survey. 

• We anticipate stationary marbled mw:relets will have subslantial time to discern 
repetitive, incre.asing sound pre~sure levels coming toward them, and are likely to 
move away from oncoming survey vessels before sound pressure leveh pose 
significant risk of -injury. 

• The effects of the proposed action will be transitory in nahrre and disper<,;ed acro,s 
a wide area off the ooast of Oregon and Wa<Jhington, and in \'el)I few instances 
will the survey cover the same area more than once. 

• Oc.ean conditiom. during the survey period are likely to promote marbled murre!et 
foraging activities closer to shore, likely resulting in a low number ofbi:rds 
actually e.-...'Posed to significant effects from increased sound pressure levels 
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beyond 8 km from shore. 

Critica] habifat for the marbled murrelet has been designated within terrestrial areas adjacent to the 
entirely marine-based 2012 West Coast Seismic Survey. However, the proposed action does is not 
likely to affect that area, therefor,e, no destruction or adverse modification ofmaroled murrelet 
critica] habitat is anticipated as a result of implementing tb.e proposed action. 

INCIDENTAL I . .\KE SI..\ rr,.IE:-rr 

Section 9 of the iESA and federal regulation pursuant to section 4(d) of the £ SA prohibit tile take 
of endangered and threcatened species, respectively, without special exemption. Take is defmed 
lllldes 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 
Sezvic.e as an act which actually kills or injures wildlife. Such an. act may include significant 
haibitat modification or degradation whe.re it actually kills or injures wildlife by significantly 
impairing essential behavior pattems, including breeding, feeding, or sheltering (50 CFR 17.3). 
iHarass is defined by the iESA as an intentional or negligent act or omission that creates the 
like liliood of injury to wildlife by aUUO)'lllg it to sue h an extent as to significantly dismpt normal 
behavioral patterns which include, but are not limited to, breeding, fe.eding, or sheltering (50 CFR 
17 .3). Incidental take is defined as rake th.at is incidental to, and not the purpose of, the carrying 
out of an othenvi;;e lawful activity. Under the tenns o•f section 7{b)(4) and section 7(0)(2) of the 
iESA, taking that is incidental to and not intended as part of1he agency action is not c-0nsidered to 
be a prohibited taking under the ESA provi.ded that such taking is m compliance with the terms and 
conditions of th.is Incidental Take Statement (ITS). 

The measures de.scribed below are non~discretionary and mrut be 1md.ertaken by the NSF for tile 
exemption in section 7(o)(2) to apply. The NSF has a c.ontimting duty to regulate the activity 
covered by this Incidental Take Statement. If the NSF (1) fails to assume and. implement the terms 
and conditions or (2) fails to adhe,re to the terms and conditions ,of the incidental take statement, 
the protective coverage of section 7(0)(2) may lapse. In order to monitor the impact ofincidenta] 
take, the NSF must report the progress of the action and its impact on the species to the Servic~ as 
specified in this Incidental Take Statement pursuant to tile requirements of 50 CFR 402.14(i)(3). 

Amount or Extent of Take 

iBased on tb.e Effera of the Action analysis above., incidental take of the marbled murrelet is 
reasonably certain to occur in the form of harm. Pursuant to the autb.ority of section 402.14(i)(])(i) 
of the implementing regulations for section 7 of the ESA . ., a smro gate can be used to express the 
amount or extent of anticipated take if tile following criteria ll!fe met the causal link between the 
surrogate and take is desccibed; an explan-ation is provided as to why it is not practical to e..'l..'Press 
the amount or extent of take or to monitor take-related impacts in tenns of individuals ofthe listed 
species; and a clear standard is set for determining when the level of anticipated take has been 
exceeded. The Seivioe re.-.ised the ESA implementing regulations to clarify the use of surrogates 
to express the amoW1t or extent of anticipated incidental take, including circumstances whe1e 
project impacts to the surrogate are coextensive with at least one aspect of the project's scope (80 
fR 26832, May 11, 2015) . The Servire supported this clarification of the ESA implementing 
regulations by noting that Congress has also recogniz.ed that a numerical value would n.ot always 
be available and intended that such numbers be established only \.Vheie possible [H .R. Rep. No. 97-
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567, at 27 (1982)). Also, noted in the above 2015 final rule, the preamble to the fmal mle that set 
forth the 1986 regulations also acknowledges that exact numerical limits on the amowit of 
anticipated incidental take may be difficult to detennine and the Services may instead specify the 
le\·el of anticipated take in terms of the extent of the land ,or marine area that may be affected (51 
FR 19926, June 3, 1986). The C-Ol u1s also have recognizild that it is not always practicable to 
establish the precise number of individuals of the listed specie-.s that will be taken and. that 
""surrogate-" measures are acceptable to establish the impact of take on the species if there is a link 
between the surrogate and take (see Arizona Cattle Growers' Ass'n v. U.S. Fish and Wildlife 
Se.rvice, 273 f .3d 1229, 9th Cir. 2001). Furthennore. it is often more practical and meaningful to 
monitor project effects upon surrogates, which can also provide a clear standard for determining 
when the amotmt or extent of anticipated take has been exceeded and consultation should be 
re-initiated. Aocordingl'y, a coextensive surrogate based on specific project components is 
necessary to e:.'<l)ress the extent of fake because, based on the above analysis of effects, it is not 
practical to accurately estimate the actual number of marl>led murrelets tha,t may be incidentally 
taken or ,effectively monitor take impacts in terms of individual marbled murrelets due to the 
extremely low likelihood offmding dead or injured :individuals in the aquatic emrironment. The 
coe..">'.tensive swrogat.e is the direct source of the- stressors c-.ausing the taking, and a cle.ar standard 
for take exceedance c.an be established unde.r the mo.nitoring requirements (below) using this 
surrogate. On that basis, the e..'rtent of take of the marbled murrelet covered under this Incidenta] 
Take Statement is described using a coextensive surrogate: the proposed survey area in U.S. 
waters, swvey length (6,306 km), total number of days (37), and placement of transects desmoed 
in the proposed action description herein (Figures 1 and 2 herein). 

As described. in the effects analysis, we anticipate that the action will result in the incidental take in 
the fonn of harm within the proposed NSF seismic survey are.a. It is unlikely that all of these birds 
will be incidentally taken at the same location, rather the takings will ibe dispersed across the 
survey area . Based on the effects of the ac{ion analysis above, a veJ)· limited mmiber of marbled 
murrelets are likely to be present iin dose proximity to, the airgun arrays or smvey \'essels, exposed 
to signific-.ant sound pressure levels, and respond in a manner that confonns to take. 

Effect of the Tab 

Based on the effects of the action analysis abov,e, a very ilimited number ofmarbied murrelels are 
likely to be present in close proximity to th.e airgun arrays or smvey vessels, exposed to significant 
sound pr,essure level s, and respond in a manner that confonns to take. In the accompanying 
Opinion, the Service determined that thi:s level of anticipated take is not likely to result in jeopardy 
to the maJbled mwrel el 

Reasonable a.nd Prudent ~feasures 

The Service finds the following reasonable- and prudent me.asures (RP:Ms) are necessary and 
appropriate to minimii;e the impacts of the taking on the marbled murrelet. 

1. The NSF shall monitor the impacts of incidental take and report the progress of the action 
and its impact on the species. 

2. The NSF shall implement required procedures to report, handle, or dispose of any 
individuals of an ESA-listed species actually taken. 
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I l'l' m s and Condition_~ 

In order to be ex.empt from the prohibitions of section 9 of the ESA, the :'.>lSF must comply with the 
following terms and condition~, which implement the RPMs described above and outline required 
reporting/monitoring requirements. These terms and conditions are non-discretionary. 

l. To implement RPM 1, the NSF shall implement the measures identified in the Proposed 
~onitoring and Reporting section herein. If any of the above monitoring requirements 
indic-.ate the amount or extent of take has been exceeded, NSF shall discontinue the 
survey and immediately report this information to the Service. The Service requests NSF 
to pro\ii.de th.e required report to the Assistant Regional Director, Ecological Services, 
U.S. Fish and Wildlife Service, 911 'N"'E 11:1i A\Tenue, Portland, Oregon 97232. 

2. To implement RPM 2, the NSF shall notifj• the Senii.ce within three working days upon 
locating any de-ad, injured, or sick endangered or threatened species specimens during 
project ope-rations. Initial notification shall be made to the nearest U.S. Fish and Wildlife 
Service Law Enforcement Office (r.ee below). Notification shall include the date, time 
and precise location (latih1de/longitude); condition of the animal(s) {including carcass 
condition if the animal is dead); observed behaviors of the animal(s), if alive; if available, 
photographs or video footage of the animal(s); general circumstances under which the 
animal was discovered. Care should be taken in handling sick or injured specimens to 
preserve biological materials in the best possible state for later analysis of cause of death, 
if that occurs. In conJtmction with the care of sick or injured endangered or threate.ned 
species or preservation of biological materials from a dead animal, the finder has the 
responsibility to ensure that evidence associated with the specimen is not unnecessarily 
distwbed. Contact information: the telephone number for the U.S. Fish and Wildlife 
Sen,ioe Law Enforcement Office is (503) 682-6131, and for the Service's Columbia
Pacific Northwest Regional Office is (503) 702-5922. 

The Servic.e finds no more than the number or extent of species identified above will be 
incidentally taken as a result of the pr-oposed action. Th.e re-asonable and prudent measures, with 
lheir implementing terms and conditions, are d.esigned to mioiroiz,., the impact of incidental tale 
lhat might otherwise result from the proposed action. If, dwing the course of the action, this 
I.eve! of incidental take is exceeded, such incidental take represents new information requiring 
reinitiation of consultation and review of the reasonable and prudent me.asmes pro\ii.ded. The 
Feder.tl agency must imm.ediately provide an explanation of the causes of the taking and review 
with the Service the need for possible modification of the reasonable and pmde.nt measures. 

CONSER\" . .\ TIO::-!' RECO1~1E1'-"D . .\ TIO~S 

Section 7(a)(1) of the Act directs Federal agencies to utilize their authorities to further the pwposes 
of the Act by carrying out conservation programs for the benefit of endangered and threatened 
species. Conservation recommendations are discretionary agency activities to minimiz"' 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 prO'l1ides the following recommendations: 
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1. Pl.ease note that the Servic.e is currently conductin~ a status review in response to a 
subst:a:ntiaJ listing petition for the tufted puffin (Fraterculn cirrhata), which was also 
mentioned in your request for consultation. The puffin is listed as endangered by the State 
,of Washin;~on and could be present in the smvey area dwin!! the survey period along with 
a number of migratory birds not listed under the ESA. We recommend the NSF apply the 
proposed conservation and mitigation measures identified in the Description of the 
Proposed Action section above to the tufted puffin. 

2. As mentioned in the Effects of the Action section above, a bubble curtain concentrated 
arotmd. the air-?;UD pons could be an efficient and practical solution to reduce the hi~h
frequency acoustic emission from air guns that may impact diving se..abirds and 0th.er 
marine animals. The Senrice recommends that NSF consider use of bubble screens 
surrounding airgun arrays as a standard protocol to further re.duce the low number of diving 
birds. 

REINITL.\TION NOTICE 

This biological opinion concludes fonnal consultation ,on the effects of the proposed action on the 
maroled murrelet As provided in 50 CFR §402.16, re-initiation of consultation is required and 
shall be requested lby the NSF or the Senii.ce, where discretionary FederaJ involvement or control 
over the action has been retained or is authorized by L.nv and: (1) if the amowit or extent of taking 
specined in the· incidental take statemeJli is ,exceeded; (2) if new information reveals effects of the 
.action that may affect listed species or critical habitat in a manner or to an e.:i..1:e:nt not pre\ii.ously 
con.<;idered in this biological opinion; (3) if the identified action is subsequently modified in a 
m.a:nner that causes an effect to listed species or critical habitat that was not considered in this 
biologic;al opinion or concurrenc-.e dete.rmmation; or (4) ifa new species is listed or critical habitat 
designated that may be affected by the identified action. 
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APPE.NDIX A 

Analrsis Supporting a "May Effect, but ~ot Likt-ly to Adn.•1-st>lt . .\ffect" Detumination for 
the Bull T l"Out :rnd its De<iignafed Critic-:i] Habitat 

Bull Trout Status in the Action Area 

The marine wateJS of Washington State provide important FMO habitat for anadmmous subadult 
and adult ibul] trout The action area overlaps marine habitat that pro\i:ides important fMO habitat 
located outside of the three core areas of the Olympic Peninsula : Hoh River, Queets River, md 
Quinault River core areas. 

Marine Habitat Use 

To tmderstand e1q>os1rre to effects of the action we must first reconcile that we understand \'ery 
little about wie of the outer coast marine environment by the bull trout. As such, effects ofth.e 
action will be challenging to -estimate. Studies conducted in the Hoh River have indicated 
between 51% and 85% of the fish exhibited anadromy a,t least once, and that 75% had migra,ted 
from fresh water to the sea multiple times (Br:enkm.an and Corbett 2005, pg. 1075; Brenkman et 
al. 2007, pg. 1). Adjacent to the action area, other studies have demonstrated bull trout 
madromy in Puget Sotmd (Hayes et al 201 1, eJ1tire; Goetz et al. 2004, entire). These populations 
are thought to ibe fotmd in marine habitats at any time of year (Hayes et aL 2011, pg. 403 ; Goetz 
et al. 2016, pg. 103). 

The nearby Skagit River, Washington., has been identified as one of the more robust populations 
of bull trout in the Coastal RU, whe-.re Hayes et al (2011, pg. 401) demonstrated ei..1ent of marine 
habitat use by individual bull trout for up to 133 days. In this study, 60% of the river tagged bull 
trout moved into Skag;it Bay from March lmtil May and ,...-ere back in the river from May to 
August. Other studies ,;howed marine habitat use from April tmhl July in the Puget Solmd 
(Goetz et al. 200-4, entire; 2007, pg. 8; 2016, pg. 90). Goetz (2016. pg. ]04) found this timing of 
the bull tmut retmn to streams wai.; synchronous in several rivers despite difference,;. in thermal 
regimes, and n.oted this is 1),-pical of partial migration patterns of other iteroparous species that do 
not i}ipically use marine waters over winter. 

However , subadult bull trout from the Hoh River were deteded in the Pacific Ocean behveen 
September and December (Brenl'lllan et al. 2007, pg. 5). In another study, bull trout migrated 
down from the Snohomi:sh River in )lovember entered into the Duwamish River in December 
and returned to tlb.e Snohomish River in January (Goetz 2012, pg. 10) demonstrating bull trout 
are in the marine waters after spawning. Fish were detected mo\i:ing beh a,'e,en rivers in Puget 
Sound rather than residing there, during the fall and winter period, similar to behaviors seen in 
Pacific Oc.ean bull trout (Goetz 2016, pg. 104; Brenkman and Corbett 2005, pg. 2). In 2003, 
sub-adult and adult bull trout were observed in the Skagit River delta and bay in late fall and 
winter (Goetz 2016, pg. 104). A total ,of39 of73 tagged bull trout in th.e Hoh River basin moved 
into the oce.m during various months (Brenkmm and Corbett 2005, pg. 1075); and some fish 
were deted ed later in e-0astal streams located betwee.n 5 and 4 7 km to the south of the Hoh 
Riv-er. This includes Cedar O eek, Kalaloch Creek, the Qaeets River, the Raft River, and the 
Quinault River (figur-e 1). One recent smvey (Smith and Huff 2019, pg. 3) further demonstrated 
bull trout use o-fmarine habitats in the action area, where from May to September 2019, 
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movements of SL"i: bull trout were monitored after being tagged in the Hoh River, and t l in 
Kalaloch Creek. However, in lhi.-s study only one tagged bull lrout was detected (in August) in 
marine h abitat This variation oftne data in these studies could be due in part to difre:rences in 
smvey method but is also likely attributed to habitat or behavioral differences between 
populations. For instmce. Skagit fish were tagged in the lower river (Hayes et al 2011, pg. 
403), while Hoh River :fish m one study were tagged in the lower and upJIBf river (Bcenkman et 
aL 2007, pg. 3). ~ -evertheless, the data seems to indicate bull trout use of the nearshore marine 
environment is variable and may be extensive. It is n~asonable to assume adult spawning fish 
would return to the n-atal rivers to ~pawn, while juveniles, smaller sub-adult:s, and the occasional 
non-breeding adult may remain in the marine environment. 

Several of these s-1ndies !have shown bull trout travel dislances upwards of601an (Hayes et al 
2001, pg. 403; Brenkman and Corbett 200:5, pg. 1075; Goetz et al. 2004, pg. 44) and one study 
demonstrated a minimum travel distance of 100-160 km (Goetz et al. 2004, pg. 44). Bull trout 
tagged in previous years have also been shown to mal:e multiple migrations into marine habitats 
(Bre.nkman et al. 2007, pg_ 5). Bre:obnan and Corbett (2005, pg. 1078) demonstratedt}'pical 
movement in the action. area in figure I . 

Figure L From Brenkm..m and Corbett (2005_ pg. 1078)_ Dowmtre,am movements of 
anadromo:us bllll trout from. the Hob River basin to the Pacific Ocean and nearby coastal 
drama_ges_ 

.. .., 

Adult and subadult bull trout may primarily use rhat surf zone area of the action area at any time 
ofyear. However, an estimate of the Olllllber ofbu.11 lrout that use marine waters to forage, 
migrate,. and ove.minter in the action area is not available, and limited abtmdance data is 
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available for bull trout use of rivers adjacent to these marine habitat areas (see Table 0. The 
Sen1ice expects that low numbm o•f bull trout are likely to forage, migrate, md ovawinter in lhe 
surhon_e are.a of the action area, and it is possible bull trout may forage further offsb.ore. 

Table L Olympic Peninsufa geographic region, outer coasta] core are..i local population adult 
abundance size estimates, short-tenn trend, and ranking for risk of e."ttirpation (USF\VS 2015a, 
entire; 2008 entin~). 

Population Short-Te1ffl Final Ranking for Risk of 
Core Aru Abundance- Abundance Extirpation 

lndfridu.,Js T1-e,nd 
Hob.River 250-1000 Increasin11; At Risk 
Queets River Unknown Unlrnown Potential Risk 
Quinault River Unl..'UOWn Unknown At Risk 

Threats and Conservation Needs 

The Coastal Recovery Urut Implementation Plan for the bull trout suggests core areas along the 
Pacific Coast of Washington likel y ha-ve the best demographic status in the Olympic: Peninsula 
region (USFWS 201.Sa, pg. A-7). Although abundance and trends are unlmo,vn for the Quinault 
River core area, it was identified as the one stronghold in this region (FWS 2015, p. A-3). 
However, direct and incidental catch of bull trout from commercial gill net and popular 
rec;r;e.ational angling fisheries on the coast can have significant selective pressure on older and 
larger bull trout. [ncidental catch has been amplified by regional sal!m.on. and steelhe.ad ESA 
listings that have shifted regional recreational angling effort to coastal streams; and bas been 
demonstrated to be significant in. some Tribal fisheries (USFWS 2015a, pg. A-1 S). Development 
and impiementatiion of strategies to reduce incidental mortality of larger spawners caught in 
fisheries is needed to conserve core are.a populations along the Pa.cific: Coast. To resolve the lack 
of data l"egarding population monbers and DAO habitat use, overwintering index areas should be 
established. 

Although these small independent strefillls along the Pacific Coast have been identified as eiither 
medium or low priority watersheds for salmon compared to larger natal watersheds, these are 
key shared FMO habitats for anadromous bull trout (USFWS 2015a, pg. 71). Many of these 
small stre.allli whose estuaries and fower reaches are used by anadromous bull trout have been 
he.avily impacted iby pas1 forest practices. Associated impacts cause degradation to a. number of 
small, nonn'lltal, independent Pacific Coast streams and their estuaries that are essential for 
ovenvintering and foraging by the anadromom life history form (USFWS 2015a, pg. A-21). 
Improved roads paralleling the coastal rivers continue to impact habitat within stream corridors 
through loss ofriparian areas, bank stability efforts, cha!llilel simplific.ation of FMO habitat, and 
altered tributary connecti\iity (USFWS 2015a, pg. A-18). Recovery implementation goals 
include appropriate protection and restoration actions and identifies numerous partners in this 
,effort (USFWS 2015a, pg. 116). 

The Servire has consulted with the Na\')' on a number of actions related to training, operations, 
and facilities maintenance, indluding pile driving, sonar and underwater explosions in ilie action 
area. We completed consultations with the Army C.O:rps of Engineers on a number of boat ramp, 
bulkhead, and riprap installation projeds that resulted in temporary and perman.ent shoreline 
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In marine neru-shore areas, the inshore extent of critic.al habitat is the mean higher high-water 
(MHHW) line, including the uppeID1ost reach of the sa.Itwate:rwedge within tidatlly influenced, 
freshwater heads of estuaries_ Critical habitat e.A.1end.s offshore to the depth of 10 meters (m) (33 
feet (ft)) relative to the mean low low-water (MLLW) line (USFWS 2010, pg_ 6393 5)_ The 
quaJity of marine habitat along shorelines is intrinsically related to the character of adjacent 
features, and human activities that occur outside of the :l\,iHHW line and can have major effects 
on tke physical and biological features offue marine environment The offshore e..-rtent of critic.al 
habitat for marine nearsho:re areas i-s based on the ex.tent ,of the photic zone, which is the layer of 
water in which organisms are exposed to light (USFWS 2010, pg. 63973)_ This are.a betwe.en. the 
:\fHHW line and mim.1-s 10 m MLLW line is considered the habitat most consistently used by 
bull tr,out in marine waters based on known use, forage fish availability, and ongoing migration 
studies and c~ptures geological and ecological processes important to maintaining thes.-e habitats_ 

The action are.a includes designa,ted bull trout critical habitat from Unit 1 (Olympic Peninsula)_ 
\Vifu our revised designation of bull trout critical habitat (75 FR 63935; October 18, 2010) the 
USf WS identified a number of marine and maimtem river habitats outside of bull trout core 
areas that provide fue PCEs of critical habitat These areas do n.ot provide spawning and rearing 
habitat but do provide BAO habitat that is typically shared by bull trout originating from 
multiple core areas_ These shared FMO areas support the \'1.ability ofbuil trout population;; lby 
contributing to successful ovenvintering survivaJ and dispersal among core areas (USFWS 2015, 
pg. 35)_ 

There is widespread agreement in the scientific literature- that many factors (mostly related to 
human activities) hu•e impacted bull trout and the-i:r habitat and continue- to do so. .A..mong the 
many factors that individually and cumtdatively d'egrade the current ft.mction of the PCEs of 
designated bull trout critical habitat, fuose that appear to be particularly significant and have 
resulted in a lega:cy ,of degraded habitat conditions are as follows_ 

fragmentation and isolation oflocal populations due to the proliferation of dams and water 
diversions that ha\'e eliminated habitat, altered wate.r flow and temperairure regimes, and impeded 
migratory movements (Dunham and Rieman 1999, pg. 652; Rieman and McIntyre 1993, pg_ 7). 
Degradation of spawning and rearing habitat .in upper watershed areas, particularly alterations in 
sedimentation rates md water tempe-ratme-, resulting from forest and rangeland practices and 
intemive de\•elopment of roads (Fraley and Shepard 1989, pg. 14] ; The Montana Bull Trout 
Scientific Group 1998, pp. ii-v, 20-45)_ 
The introduction and spread of nonnative fish species, particular]y brook trout (S. fonlinalis) and 
lake trout (S. 11amaycush)_ as a result offish stocking and degraded habitat conditions, which 
compete with bull trout for limited resources and., in the case of brook trout, hybridize- with bull 
trout (Le.ary et al 1993_ pg_ 857; Rieman et aL 2006, pg. 73)_ 
Degradation of mamstem river FMO habitat, and the degradation and loss of marine nea:rshore 
iFMO habitat due to urban and residential development 
De.gradation of fMO habitat resulting from reduced prey base, roads, agriculture, development, 
and dams_ 
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The final rule designating bull trout critical habitat identified nine Primary Constituent Elements 
(PCE.s) essential for the conservation of bull trout. Five of the nine PCiEs are found in the marine 
waters of the action area: 

PCE 2. Migrato1y habitats with minimal physical, biologic.al, 01 water quality impediments 
between spa\vni.ng, rearing, overwintering, and freshwater and marine foraging habitats, 
including but not limited to pennanen.t, partial, intennittent. or seasonal barriers. 
Within the action area, migratory habitat fimctions are variable. Conditions range between 
mostly intact and undisturbed, and substantialliy disturbed md impaired.. The current condition 
and ftmction of this PCE in the action area may be desm"bed generically as moderately impaired. 

PCE 3. An abundant food base, including tenestrial organisms of riparian origin, aquatic 
macroinvertebrates, and forage fish. Within the action area, food base functions are vanable. 
Conditions range between mostly intact and imdisturl:ied, and substantially disturbed and 
impaired. The current condition and ftmction of this PCE in the action are.a may be described 
generically as moderately impaired. 

PCE 4. Complex rive1, stream, lake, reservoir, and marine shoreiine aquatic environments and 
processes with features such as large wood, side channels, pools, unde,rcut banks and substrates, 
to provide a variety of depths, gradients, velocities, and strncture. Within the action area, 
shoreline environments, proc.esses, and ftmctions are variable. Conditions range betwe.en mostly 
intact and tmdisturbed, and substantially distmbed and impaired. The current condition and 
function of this PCE in the action area may be described generically as moderately impaired. 

PCE 5. Water temperatures rangjng from 2 °C to 15 °C (3 6 °f to 59 °f ), with adequate ttie:rmal 
1efugia available for temperahues at the upper ,end of this range. Specific temperatures within 
this range will vary depending on bull trout life-history stage and form; geography; ,elevation; 
diuma] and seasonal variation; shade, such as that provided by riparian habitat; and loc~ 
groundwater mfluenoe. Wifuin. the action area, water temperaftues and thermal refogiai functions 
are varia'bl.e. Conditions range benveen mosl1y intact and undistwbed., and substantially 
disturbed and impaired. The current condition and function of this PCE in the action area may 
be descn"bed generically as moderately impaired. 

PCE S. Sufficient water quality and qumti1y such that normal reproduction, growth, and 
survival are not inhibited. Within the action area, conditions range between. mostly intact and 
undisturbed, and substantially distUJbed and. impaired. The current condition and function of this 
PCE in the action area may be described generically as moderately impaired. 

Effects of the Action on the Bull Trout 

The proposed action involves exposme to undenvateJ sotmd (repeated explosions) in waters 
deeper than 200 m, but that 1.•;ill likely esonify up to the shoreline. We d.emoncstrated in th.e 
Environmental Baseline section bull trout u<Je of marine habitats, to Uilderstand level. of exposure 
it is important to estimate bull trout behavior at sea. \Vlrile most studies have indicated ibull trout 
more commonly stay near the shoreline, a s"ingle bull trout tagged in Kalaloch Creek, \ll A, was 
detected multiple times on August 25, 2019, at a location 5.6 nautical mile-s from sho1e between 
the Queets Ri\'er and Quinault Rive1 (Smith and Huff 2020, pg. 3). Anotherexoeptional 
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Sllohomish River fish on a 95 km one-\.vay jomney, crossed Puget Sotmd twice (miuinmm 
distance 6.5 km) (Goelz 2012 et .aL, pg_ 12). In the Skagit study, most fi .. sh 1,vere detected within 
400 m ofthe shoreline and in water.. less than 4 m (Hayes et al. 2011 , pg. 403). Goetz ,et al. 
(1004, pg. 58) similarly showed bull trout densities were greatest at depths between 2-5 m. 
It is reasonable to assume most adult spawners will be in the streams adjacent to the action area 
dnring the proposed action timefram.e, while m nnkno\.w munber of adults, sub-adults and 
juveniles may use marine waters at any time of the year. 

1n the NSF-updated project de$cription, track lines were mod.med adjac~nt to the Washington 
coast such that the tracklines will come no closer than 2] km (1 1 nm) from shore, in waters 
greater than l 00 m depth, the e::<..'J)OSW:e risk is. minimi zi>4 for bull trout from proposed action 
consequences. Ac.cording to the NSF. the ensouified area (the Level B i60d.B zone) would also 
remain outside of th.e 100 m i.sobaths. Most of the fish in the action area .are likely to be from the 
three coastal core areas in Washington: Hoh, Queets, and QuinauH Rivers. Based on pri.or status 
re\'lews (U.SFWS 2008 , ,entire; 2015, entire}, it is estimated approximately 250-1000 bull trout 
may occur in the Hoh River, and while population numbers were thought to be .increasing at that 
time, in the long term, given the small population size, the Hoh River core area was also 
considered at risk of extirpation. There are no population estimates for the Queets and Qumault 
Rivers, but these drainages wer,e identified by the Service as "potentia]]y at risk" and "at risk" 
respectively (USfWS 20-08, entire; 2015, entire). Lo,ver population mimbers may be depressed 
hy slow growth and r,eproduction rates, and susceptibility to o\,.erharvest in recreational fisheries 
(Brenkman and Corbett 2005, pg. 1080; Post et al. 2003, pg. 31), suggesting additional mortality 
from the proposed action, even to a small number ,of fish, may be significant to the affected 
populations. 

The shallow nature of the tmdenvater expl0-<Jions is unlikely to re$ult in elevated water at the 
shoreline. a resuJt usually attnlmtable to deep nndeiwater explosions. 

Consequ.ences of fa:posure 

A.n explosive or pile-dr:i.\,ing sound wave is very broad and fast-mo\.wg, and produces a 
supersonic shock \vave known to cau:i;e barotrauma in animals. The es.cape of air from an airgun 
is very slow compared to a pile driving or e.-..pfosive source, so unlike pile driving or explosives, 
there is no shock wave from an airgun so no resulting barotraumatic effect that ,,.·ould c.ause fisih 
mortality (Gisiue_r 20]9, en tire). Fwthermor,e, the sotmd gets less '"jpeaky" as it travels at 
distance, bounces off the bottom. and is refracted as it travels through water, so the sotmd tends 
to spread out resulting in pink noise (not whim noise) with a lot of amplitude modulation, and 
evenh1ally there is no peak with distance (Gisiner 2019, entire). Airguns do not mask signals 
well so animals can still hear each other behveen peaks and valleys of sotmd. The barobaumas 
iujuri.es associated with exposure to high sotmd pressure levels mdude hemorrhage and rupture 
ofmtemal organs, hemorrhaged eyes, and temporary stunning (Yelverton et al. 1973, p. 37; 
Yelverton et al 1975. p. 17; Yelverton and Richmond 1981, p . 6; Tumpenn:y and Nedwell 1994; 
Hastings and Popper 2005). Death from barotrauma can be instantaneous, occurring within 
minutes after e..1tposure, or several days later (Abbott et al. 2002). While tmderwater airgtms are 
similar to pile-driving in that both. exhibit fi.tll spectrum sound and both have the potential to 
cause hannful behai,,ioral o_r physiological responses by exposed animals, the slow rele.ase of 
compre.ssed air is far less like1y to cause injm:)' and mortality in fishes that has been attributed to 
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impact pile driving (Stotz and Colby 2001; John iH. Stadler, NMFS, pers. comm. 2002; fordjour 
2003; Abbott et al. 2005; Hastings and Popper 2005). 

Severai studies have c.onfirmed an effect on fish behavior from s01mds from compressed air 
somces used for seismic exploration. Reserud1 has shown catch rates of ,commerc.iaJ fish species 
including cod and. haddock declmed in a.Teas where airguns were used, and. incre.ased 30-50 km 
a,1.-ay from the sound source, signaling that these fishes avoided the areas where the compressed 
seismic sources were operating (Slotte et al 2004, entire; Engas et al 1996, entire). However, 
other rerearch indicates the reverse response, with more fish being caught in gj.li nets nefil areas 
where compressed air sources were being used for seismic. e:i..'Ploration (Lokkeborg et al 2012, 
e.ntire). In another study, rockfishes exhibited behavioral changes from undenvater geophysic..al 
surveys at l6] dB and at 180 dB swam in hght circles or moved to the seafloor (Pearson et al 
1992, entire). 

in other research, no biologically significant effect was found to result from arrg,.ms on fish 
behavior. In one study using coral reef fishes in contained endosures, swimming speed and 
increased and swimming direction changed (196 dBpeak at 1 m) but returned to normal soon 
after (Boeger et al. 2006, entire). Furthermore, repeated e:i..'Posure to sounds generated by 
compressed air sources r,educed these responses, suggesting habituation to the disturbance may 
have occurred. In other research, pollack and juvenile saithe in nearshore habitat did not indicate 
a significant behavioral response to sound from arrguus. Fishes ,•,ere initially startled but 
remained in position on the reef and theiir diulllll!I gatherings on the reef\',ere not affected. by 
sound exposure of210 dBpeak at 16 m from th.e somc.e, and 195 ,dBpeak at1 09 m (Finneran et al 
201 S, e.ntire) . However, at 5 m and 218 dBpeak fish did re.act b)' moving away. 

Given the large amotmt ofwicertainty, however, that lies not only in extrapolating from 
expe:rime.ntal data to the field, but also between sotmd sources (compressed air vs. pile driving), 
and also from one species to another, we believe it is appropriate to utilize the most conservative 
kn.own level for anticipating beh,wioral responses. As such, ,ve expect that sound pressure levels 
in exc.ess of 150 dBrms ,,.-ill cause temporary behavioral changes in bull trout. They are not 
expected to cause injury. We expect that sound pressure levels above 150 dBnns ,could result in 
a temporary alteration of normal foraging and migrating behavior in bull trout. Should sotmd 
pressure levels lead to bull trout avoiding an area, or altering their migration timing, it could 
represent a si~ficant disruption in foragjng and migratory behavior. \Vhethe.r th.e-se behavioral 
effects result in "adverse effects" depend on a number of additional factors such as th.e duration 
and timing of exposure, species life histori.es, and the species' normal use ,of the area during 
e.xposure. 

in assessing impacts to marine mammals, NSF deteJ:mined for the proposed project the distance 
from the source of ensonification that it takes to attenuate below 160 dBrms is ]2.5 km in waters 
less than 100m and 9.5 km in waters between 100 and IOOOm and is 6. 7 km in waters greater 
than lOOOm deep_ Off the coast of Washington, the tra:cldines have ibeen pushed offshore (>21 
km; 11 nm). Based on this information, we can expect the somid will attenuate to below 150 
dBrms (the behavioral response threshold measured at 1 µPa (rms)) somewhere below the 100m 
depth contour, but still well outside of the likely shallow, nea:rshore, habitat use area for most 
bull trout Fesulting in limited insignificant behaviora] responses from the very small number of 
fish that may be present m deeper water. 
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For salmon, N11:fS is using 186 SEL for ITS (temporary threshold shifts) and 207 SPLpe.ak for 
onset of injm:y for the proposed action. NSF, based •On a ship speed of 4.1-4.2 kts and a shot 
interval of37.5 m, determined the radius armmd th.e vessel at which animals could ibe exposed to 
sowtd le\·els up to 202 dB SEL was estimated to be 84 m. :N'"MFS calculated a distance to 203 
dB SELcum of 4,024.4 m (4 km} This information is based on calculations for SELcum and 
SELpe:ak and Nl.•1FS chose the greater di.stance behveen the two. \Vhile it is unde.ar why th.ere is 
such a large diffe.rence betwee-n NMFS and NSF calculations, it is reasonable, due to ,;imil:rr 
laxonomic and life history characteristics, that we should extrapolate this salmon exposure 
information for the bull trout. However, given ve,ry limited data supporting a likelihood that 
individual bull trout forage in waters this far offshore, we do not have strong; evidence that bull 
trout are likely to be exposed to injm:ious effects coincidental with the proposed action at this 
distance {>17 km, 9 nm) . Therefore, is extremely unlikely that indi\ii.dua] bull trout will be 
physica]]y injured as a result of the proposed action. 

The proposed use of surface s!hips, sonar, or other a.coustic de\ii.ces will also res.ult in increased 
noise levels that could extend into bull trout foraging, migration, and overwintering are.is along 
the oute.r coast of Washington. T!his risk is mitigated somewhat by the vessel will be operating in 
and out of its home port of N e,,..-port, Oregon. In addition, these increased sound levels are 
intermittent or are at frequencies that are not expected to impede bull trout foraging or migrato1y 
beha\ii.or. Therefore, effects associated with these project elements are considered insignificant 

Effects of the Actio11 on Bull Trout Critical Habitar 

As stated in the "Stam;; of the Bull Trout" section above, only PCEs 2, 3, 4, 5, and & apply to 
marine near;hore waters identified as critica] habitat. The proposed activities will have no effect 
on PCEs 4, 5, and 8. The activities will not result in any pennanent changes or alterations to 
marine shoreline habitat, impact water temperatures or water quality in the designated critical 
habitat are.a. The activities may affect the following PCEs: 

PCE 2 and PCE 3: Activities conducted in. waters adjacent to CHU 1 include the use of sonar and 
air:guns that result in increased sound pressure levels that can temporarily act as m impediment 
within the marine migratory and corridor and primary nearshore foraging are.as. However, the 
area in which potential migratory and foraging bull trout beh,l\ii.ora] responses to sound or sound 
presSure is well away from the source, and therefore the migratory corridor and foraging areas, 
including bull trout prey species, will not be significantly impeded. Based on the species 
anal)•sis above, we can expect the sound wiU attenuate to below 150 dBrms (the beha\ii.oral 
response threshold measmed at 1 µPa (tmS)) somewhere below the iOOm depth contour, but still 
well outside of the likely shallow, nears.here. migratory and foraging critical habitat use area for 
bull trout Fesulting m no significant behavioral responses from fish that may be present. The 
proposed use of surface ships, sonar, or other acoustic devices will also result in increased o.oise 
l.evels that could extend into designated critical habitat However, these incre.ased sound levels 
are intermittent or are at frequencies that are not e..-..pected to impede bull trout migrati.on or 
foraging behavior or success, since \.,,e do not expect these impacts to result in a long-term 
reduction in forage fish abundance. Therefore, the proposed action is not expected. to 
significantly degrade the ftmction of critical habitat 
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Co11dusio11 

Based on the NSF BA, the proposed action description, taken togeth.er with the abo\·e analysis, it 
is the Seivice's determination that the proposed action Jna}' affect but is not like]y to adversely 
affect the bull trout or its critic.al habitat. 
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APPENDIX G: COASTAL ZONE MANAGEMENT ACT COMPLIANCE 

From: "Caracciolo, Deanna" <deanna.caracciolo@state.or.us> 
Date: Wednesday, March 4, 2020 at 4:00 PM 
To: "Smith, Holly E." <hesmith@nsf.gov> 
Subject: [EXTERNAL] - NSF 2020 Geophysical Survey Action - Federal Consistency Presumed 

This email originated from outside of the National Science Foundation. Do not click links or open attachments 
unless you recognize the sender and know the content is safe. 

Greetings Holly, 

Today is the decision deadline for the Oregon federal consistency decision pertaining to the proposed 
Marine Geophysical Survey of the Cascadia Subduction Zone. At this time, please presume state 
concurrence for the proposed action. 

Please don’t hesitate to reach out with any questions regarding this presumed concurrence. 
Regards, 
Deanna 

Deanna Caracciolo 
State-Federal Relations Coordinator | Oregon Coastal Management Program 
Oregon Department of Land Conservation and Development 
635 Capitol Street NE, Suite 150 | Salem, OR 97301-2540 
Direct: 503-934-0026 | Cell: 503-956-8163 | Main: 503-373-0050 
Deanna.Caracciolo@state.or.us | www.oregon.gov/LCD 
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DEPARTMENT OF ECOLOGY 
PO 8m 476/J(J ' Olp11pi,t, WA '18'irJ.1-;"(1nu . 3Ml-4f/l-tiatlll 

r l I for WJsl1in,:mn Re/a> St!tvice • f'i.r,11m ••i lh a "f>l'Kh di,,1bili1r c,m GIii ll7;-H:J3•6.J.I 1 

March 23. 2020 

National Science Foundation 
Attn: Holly Smith 
2415 Eisenhower AVE 
Alexandria VA 22314-4684 

RE: Coastal Zone Consistency Decision for Activities Uudert~en by a Federal Agency 
Marine Geophysical Survey of the Cascadia Subduction Zone 
Northeastern Pacific Ocean, of&hore Washington and Oregon States 

Decar Holly Smith: 

On January 8, 2020, the National Science Foundation (NSF) submitted a Consistency 
Determination to the Washington Department of Ecology - manager of the State· s Coastal Zone 
Manageu1ent Program {CZMP). As described in the Consistency Detemiination, the NSF 
proposes to conduct a high-energy marine geophysical smvey in late spring/summer 2020 within 
the Exclusi1;e Economic Zone of the U.S. The NSF is funding the proposal, and it is led by 
principal investigators from multiple academic institutionc, and the United States Geological 
Survey (USGS). Tbe overarching goal of the study is to use modem multi-channel seisniic data 
to characterize subducting plate and accretionary wedge strncture. and properties of the 
megathrnst along nearly the full length of the Cascadia Subduction Zone .. 

Pursuant to Section 307(c)(3) of the Coastal Zone Management Act of 1972 as amended. 
Ecology conCW's with NSF's determination that the proposed work is consistent with 
Washington's CZMP. The NSF demonstrl!ted that its proposal is consistent with the CZMP's 
enforce.1ble policies found iu Washington' s Ocean Resource 's Management Act and the Ocean 
Management Guidelines. wliich call for no long-term significant impacts to Washington's coastal 
zone resources or uses. WAC 173-26-360(7)(j): states "Ocean uses and their associated coastal 
or upland facilities should be located, designed and operated to prew?11t, m•oid, and 111i11imi:e 
ntft-ene impacts 011 migrntio11 roures and habirar areas of species lisred as endangered or 
threatened, environmentally critical and sensWve habitats such as breeding, spawning, mrrse,y, 
foraging areas ... ". 
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NSF Coastal Zone Con.sistc11cy Deci.sion 
Page2of2 

While we acknowledge that the NSF proposal meets the above enforceable policies to the 
maximum extent practicable.. we must also recognize that Washington· s Southern Resident Killer 
Whales. which are an endangered species. are under panicular threat. Thus, in order to 
emphasize our concern and need ro ensure that the population will not be subjected to addition..} 
stress, we are recommending measures that we belie.-e will further ensure protection for these 
marine mammals. These recommendations are the result of consulting with NMFS as called for 
by the CZM.<\., and also with Washingtou·s Department offish and Wildlife who has oversight 
authority for Killer Whale populations that feed and transit through Washington State waters. 

We appreciate your willingness to work closely with us and provide information as needed, prior 
to and after receiving your proposal We believe that conunmucation between state and federal 
agencies, when working on projects under the Coastal Zone Management Act, enhances our 
ability to protect the nation's and s tate· s precious coastal resources. 

Should you have questions or concerns, please do not hesitate to contact Therese Swanson at 
360 407-6789 or terry.swansoo@ecy.wa gov. 

Sincerely, 

Brenden McFarland, Section Manager 
Environmental Transportation and ReviC\v Section 
Shorelands and Environmental Assistance Program 

Enclosure 

E-CC: Jennifer Heunessey, Office of the Governor - Jenrufer.Heonessey@eov.wa.gov 
Jessica Stocking, WDFW - Jessica.stocking@dfw.go,· 
Wendy Largent. Hoh Tribe - Wendv.Larnent@hohtribe-nsn.org 
Ervin (Joe) Schumacker. Quinault Tribe - JSCHGM.-\.CKER@guin:ntlt.org 
Katie WrubeL Makah Tribe - Katie wrubel1vm..-tl:ah.com 
Chad Bowechop. Makah Tribe - chad bowechopfa makah.com 
Jennifer Hagen, Quileute Tribe - jennifer.hagenraguileutetribe.com 
Amy Fowler. l\'MFS - amy.fowlerla)uoaa.gov 
Colette Cairns, 1\'MFS - collette caimsl@.noaa.gov 
George Galasso, OCNMS - George.gala.sso@,noaa.gov 
ECYFEDPER.i\.fITS@ecv.wa.eov 
Therese Swanson, Ecology - terry.swanson@ecy.wa.gov 
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Washington Coastal Zone :.\Ianagement Program Reco1D1Denclations for Protection of 
:.\Iarine l\lammals, particularly Southern Resident Killer Whales during the l\larine 

Ge.ophysical Suney off the Ca,;cadia Subduction Zone 
i\Iarch 23, 2020 

Washington is very concerned about its Southern Resident Killer Whale population and is 
making the following recommendations to consider when conducting the seismic surveys: 

The current population estimate for Southern Residents is at 73 individuals. Approximately 59 
percent of the total population is predicted to be exposed to effects from the seismic smvey 
activities, which could disrupt the animals ' feeding, inhibit the pods' ability to communicate 
during foraging_ and impact prey species. These effects could undennine the animals ' health and 
fitness. Thus, we are recommending mitigation measures aimed at. eliminating or reducing the 
exposure of the Southern Resident Killer \Vhales. We recommend a closure area within the 
action area for the survey, and have consulted with NMFS on measures that it is proposing_ 

The area with the highest likelihood of Southern Resident killer whale occurrence should be 
closed to surveys, from just south of the Columbia River_ north to approximately off Cape 
Flattery (exclusive of the territorial seas of Canada), and seaward to 200 meters depth. 
Additionally, we recommend the fo llowing Southern Resident Killer W11ale specific detection
based mitigation measures: 

• The airgun array must be shut down upon visual observation or acoustic detection of a 
killer whale at ANY distance; 

• Tracklines in waters 200 m deep or less m~,;t be surveyed in daylight hours only (from 30 
minutes before sunrise to 30 minutes after sunset); 

• When surveying in waters 200 m deep or less, a second vessel (with two protected
species observers on duty at all times) must travd along the trackline ahead of the 
Langseth and relay sightings of marine mammals to observers on the Langseth to prepare 
for shutdowns. 

Some general mitigation measur es for other ma1·ine mammal species include: 

• 

• 

• 
• 
• 

Implementing a 500-m exclusion zone, meaning the airgun array must be shut down 
when animals come within 500 m of the array. There is an exception to this shutdown 
requirement for certain genera of dolphins (Tursi.ops, Delphinus, Stene.Ila. 
Lagenorhynclms, and Lissodelphis) that are known to approach vessels and are relatively 
insensitive to soll!ld produced at tl1e predominant frequencies in an airgun pulse while 
also having a relatively high threshold for the onset of auditory injury (i.e., pem1anent 
threshold shift); 
Shutting down the airgun array when grotips of six or more large whales (sperm and 
baleen) are observed together. or a large whale "ith a calf are observed at any distance 
from the array; 
Using passive acoustic monitoring during all survey operations; 
Gradually ramping up the airgun array from a single airgun to the whole active array; 
Implementing vessel strike avoidance measures . 
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Amy Fowler 
Inc ide.ntal Take Program 

UNl'TEO STATES OEPARlMENT OF CO~ME~CE 
Nallooal Oceanic and Atmot.phertc Admlnlatratlon 
NATIONAL OCEAr-. SEAVICE 
OFFICE or N.6,TIONAl MARINE $.lNCT\.IARIES 
Oll""IJ!C Caasl 'i::,bor,al Ua"'1■ ~""1u.ory 
11 ~ £.a11 F\aJlrD.ld A••ow, "Sv,i. 301 
l"an Ani,Nt WA 118362-19.25 

March 11, ~021 

National Marine Fisb.erie& Service Office of Protecte<l:Resowt:es 
1315 East-West Highway 
Silver Spring, MD 10910 

Holly Smith 

National Science Foundation 
2415 Eisenhower Avenue 
Ale.xancfria. Virginia 22314 

De.ar ~- Fowler and),{;_ Smith: 

OnMa.y l , J.020, the National Ocemc andAnuosphericAdmiuistratiou (KOAA) 
Office ofNati.oual Marine Sancruaries (O~S) received tb.e National Science Foimdation (NSF) 
and NOAA National Marine Fisheries Senic e (NMFS) mitial Sanctuary Resource Statement 
{SRS) and request ro initiate consttliarion under lhe National Marine Sanchtaries Act c,lMSA; 16 
U.S.C. § 1434) fora proposed. marine geophysical survey of the Cascadia Subduction Zone in the 

northe8St Pacific Ocean ming the RN Jiarros G. Langsetlt. The propooed action includes the 
issuance of an incidental harassment authorization under the Marine Mammal Protection Act 
(MMPA) by NMFS to Lamont-Doherty Earth Observatory fortake,s of marine m ammals 
incidental to the geophy~ical smveys (April 7, 2020; &5 FR 19580). The SRS refereoc-es the 
permit application to Olympic Coast National Marine Sanctuary (OCNMS) initially submitted on 
December 17, 2019 and a Draftfm,ironmentalAssessmentprepared by NSF (dated November 

21. 2019). After O1''MS' s request foradditionalinfonnation and clarification, 0:,n,,{S received a 

revised permit application on May 15. 2020 and a revised SRS on JanUaIJ' 22, 2021. On January 
11, 1021. ON""MS found the SRS sufficient for the purposes of making an injury determination 
and developing recommended alternatives as required by the NMSA 

Pursuant to sectiou 304(d) ofthe~SA, we hereby pro\ide O~~1S 's injury determination and 
recommended ahematives to minimize injury and to protect sanctuary re.sources. ONMS fiud& 
that proposed ~SF activities within and outside of the sanctuary will result in injury in the form 
of harassment ofmarinemamma.ls in the sauctuary . ONMS provides two recommended 
alternatives to mini:miu injury and to pro tee t sane mary resource;: 
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L Limit operations in OCNMS to daylight hours only regard1ess of depth; and 
I I. Use of the secondary support vessel aiding in marine mammal observations 

throughout the entire sanctuary. 

The enclosed document provides additional information and analysis supporting this injury 
determination and recommended ahernatives. 

Cons is tent with sec: tion 304( d)(3) of the NMSA, once NSF and NMFS have had an opportunity to 
consider our recommended alternatives, please engage ONMS for further consultation on these 
alternatives. Should NSF and NMFS decide not to follow our alternatives ( as provided herein or 
modified in further consultation), please provide ONMS with a written statement documenting 
your deci5iou and rationale. Finally, pursuant to section 304(d)(4) of the NMSA. if NSF and 
NMFS takes an action other than those recoJW11ended herein, and such action results in injury to a 
sanctuary resource, the heads of NSF and NMFS are required to promptly prevent and mitigate 
further damage, and restore or replace the sanctuary re.sources in a manner apprnved by ONMS. 

This cousultation applies to the proposed action as defmed in NSF' s draft Environmental 
Assessment and NMFS's proposed authorization of take. NSF and NMFS must reinitiate 
consultation with ONMS if either agency determines that they trigger the NMSA's consultation 
requirements. Specifically: 

• If the action is modified such that it is likely to destroy, cause the loss of, or injure a 
sanctuary resource or quality in a mannei- different or greater than was considei-ed in a 
previous consultation under section 304( d) of the NMSA; or 

• Iftbe action is likely to destroy, cause the loss of, or injure any sanctuaryresource or 

quality not considered ill a previous consultation undo- 304( d); or 
• If new information reveals that the action it is likely to destroy. cause the loss of, or 

injure a sanctuary resource or quality in a manner different or greater than considered in a 
previous consultation; or 

• If a new action is proposed that is likely to destroy, cause the loss of, or injure a sanctuaiy 
resource. 

Please contact me at carolbernthal@noaa.gov, or 360-406-2075, with any questions you may 
have on these recommended alternatives. We1ook forward to continuing toworkwithyouand 
your staff to meet NSF's andNMFS'smission objectives and to protect the Nation' s national 
marine sanctuaries. 

Respectfully, 

U,ut ~ 1 nu{) 
Carol Bemthal, Superintendent 
Olympic Coast National Marine Sanctuary 
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Enclosure: 

cc: Timothy J. Greene. Chairman. Mak:ah Tribal Council 
JoDean Haupt-Richards, Secretary. Makah Tribe 
Russell Svec , Director. Makah Fisheries Management, Makah Tribe 
Haley Keruiard. Envirownental Policy Analyst. Makah Tribe 
Ed Johnstone, Fisheries Policy, Quinauh Inman Nation 

Joe Schumacker. Marine Scientist. Quinault Indian Nation 
Frank Geyer_ Director. Quileute Natural Resources . Quileute Tribe 
Jennifer Hagen. Marnu,• Polic y Advisor, Quileute Tribe 
Wendy I.argent, Natural Resources Director, Hoh Tribe 
Julie Ann Koehlinger, Timber, Fish, and Wildlife Biologist, Hoh Tribe 
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ONMS Injury Determination and Recommended Alternatives for Consultation under the ~ational 
Marine Sanctuaries Act for the 2021 National Science Foundation Activities 

l\L1rch 12, 2021 

I. Bae kl!;round 

The proposed federal agency actions subject to consultation consist of the ~ational Science 
Foundation' s (NSF) 2021 high-energy seismic swveys using a 36-airgun array and deployment of 
Ocean Bottom Seismometers, and NMFS' s propa,ed issuance of an incidental harassment 
authorization (IHA) for take of marine manuna.15 incidental to these activities. The area of the 
geophysical survey and proposed impacts overlaps with OCNMS. In the SRS, NMFS and NSF 
fmd that the proposed action may incidentally expose marine resources within OCNMS to sound 
and other environmental stressors associated with seismic surveys. This coffiultation considers 
activities occurring both within and outside the sanctuary' s boundaries that are likely to injure 
sane tuary res owe es. 

NSF activities within the scope of this cons11ltation 
As described in Section 1 of the SRS and in Section 2. 1.2.1 ofNSF's draft EA, NSF ' s proposed 
action is seismic survey (SRS; dated January 22, 2021). The scope of this consultation is focused 
on the proposed track lines for seismic airguns (36-airgun array) and temporary deployment of 
three ace.an bottom seismometers (OBSs) within OCNMS. In Section 4 of the 2021 SRS, NSF 
conch.ides that activities are only likely to directly injure sanctuary resources through exposure to 
sound and energy for which an incidental harassment authorization has been requested. See Table 
3 of the SRS for further information. The National Marine Fisheries Service proposes to issue a 
Marine Mammal Protection Act (MMP A) incidental harassment authorization (IHA) to l.amont
Doherty Earth Observatory (L-DEO) for take, by Level A and Level B harassment, of individuals 
of several species of marine mammals incidental to sounds from the use of seismic air guns 
associated with the geophysical survey (NMFS Proposed Action). 

NSF mWg01ion measures 
NSF' s mitigation measures inc hided in the proposed action fall into two categories : procedural 

mitigation and geographic mitigation measures . Per the S RS, proced1iral mitigation primarily 
involves ramp-ups, dedicated observel!i during daylight operations, passive acoustic monitoring 
(PAM) during the day and night, and power downs when marine mammal-s or sea turtles are 
detected or are about to enter the excbJsion zone. 

LDEO '\vould use visual and acoustic monitors to conduct pre-activity monitoring for at least 30 
minutes prior to beginning seismic operations. Following the pre-clearance period, the air gun 
array would be activated with a stepwise increase in the number of active elements (ramp-up) to 
warn animals of pending operations" (SRS p. 4). Ai:rgunoperations would shutdown if a marine 
mammal enters a designated exc h1sion zone (500m for all marine mammals, 1,500m for beaked 
whales and dwarf and pygmy sperm whales. and any distance for all large whales with calves. 
aggregations of six or more large whales , a North Pacific right whale, or a killer whale observed). 
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Furthermore, a:irgun operations would also shutdown for killer whale vocalizations detected on 
the PAM system. 

To enhance southern resident killer whale (SRKW) protections, geographic mitigation will be 
implemented for surveys benveen Tillamook Head, OR and Barkley Sound, BC within the 200-
meter depth contour to be conducted in daylight hours only. Furthermore, a second vessel with 
additional observers wiD travel ahead of the survey vessel The tracklines have also been revised 
to limit the ensonified area from extending within the 100-meter depth contour in this region due 
to the high estimated densities ofSRKW. 

Reduction of vessel speed to 10 knots or less is proposed to prevent ship strikes when mother/calf 
pairs, pods, or large assemblages of marine mammals are observed. Vessels would maintain a 
distance of 100 meters from large whales (mysticetes, sperm whales, and killer whales) and 50 
meters from an other marine mammals (except those vohlntarily approaching the vessel). 

NSF monitoring measures 
The SRS does not describe any general monitoring provisions specific to NSF activities that 
would enhance understanding of impacts to marine mammals and other affected species, despite 
NMFS acknowledgement of monitoring as a key component of adaptive management. 

II. NSF and NMFS Conclusions Regarding the Effects of the Proposed Action on Sanctuarv 
Resources 

NSF and NMFS analyses of potential overlap of activities and sanctuary resources indicate likely 
injury to sanctuary resources inside the sanctuary due to sound and en.ergy producing activities 
occurring both inside and outside the sanctuary's boundary. Acoustic impacts from a:irguns are 
identified as likely to injure marine mammals, sea turtles, fish, marine invertebrates, and seabirds. 
However, NMFS and NSF conch1de that the proposed activities would not adversely affect or 
significantly in1pact marine invertebrates, fish, and f1Sherie.s. Furthemore, due to the short-term 
exposures, the proposed activities would have no significant impact on marine mammals, sea 
turtles, or seabirds. Specifically, NSF and NN[FS fmd that acoustic exposure resulting from the 
geophysical survey could result in permanent threshold shifts (hearing damage) to three marine 
mammal species in the sanctuary: humpback whales, harbor porpoise, and Dall's porpoise. NSF 
and NMFS further document exposures from the geopbysic al survey that c ouJd result in 
temporary hearing damage or behavioral responses in 24 marine mammal populations while 
present in the sanctuary. Predictions fornumbers of expostu-e events per population in the 
sanctuary range from hundreds of harbor porpoises, Dall' s porpoises and Steller sea lions, to 
d(}Zens ofRi-;so's dolphins and C.alifomia sea lions to single digits ofSRKW, humpback whales, 
gray whales, fin whales, and bhle whales (see Table 3 from SRS). 

In total NSF and NMFS predict that 1,388 instances of marine mammal take per year (21 of 
which are Level A harassment) will occur in OCNM:S as a result of proposed activities for 2021 
across 24 species. NMFS and NSF fmd that levels of impact from the survey \Vifhin the sanctuary 
will have only negligible impacts on the affected species or stocks of marine manlll1al-;. 
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It is important to note that OCNMS overlaps several marine mammal biologically important areas 
(BIAs). as well as proposed critical habitat areas that may provide a greater conservation benefit 

to the species than other areas within the sanctuary. These areas inch1de: 
• Northern Washington humpback feeding BIA (Nlay-Nov); 
• Northeast Washington Gray\\lhaleFeeding BIA (May-Nov); 
• Gray whale Migration BIA Northbound- Phase A (Jan-Jul); 
• Gray whale Migration BIA Northbound-PhaseB(Mar-Jul); 
• Gray whale Migration BIA Southbound-All (Oct-Mar); 
• Gray whale Migration BIA- potential presence (Jan-Jut Oct-Dec); 
• Proposed Southern Resident killer whale critical habitat Area 1 and Area 2; and 
• Proposed humpback whale critical habitat. 

III. :'.llMSAlniury Determination 

Section 304(d) oftheNMSA(16 US.C. § 1434(d)) requires federal agencies to consult with the 
Secretary of Commerce regarding any federal action or proposed action, including activities 
authorized by federal license, lease, or permit, that is likely to destroy, cause the loss of, or injure 1 

any sanctuary resource. A portion of the proposed geophysical survey activities w ill occur within 
and in close proximity to OCNMS and will result in impacts including Level A and Level B 
harassment of marine mammals (take2). which NMFS is proposing to authorize under the 
MMPA ONMS concurs wtrll NMFS and )JSF' s conclusion that Level A and Level B takes of 
marine mammals occurring in the sanctuary as a result of survey activities constitute injury as 
defined under the NMSA 

While NSF and NMFS fmd that sound and energy produced by the geophysical survey and their 
direct effects on marine mammals are the focus of this consultation, ONMS remains concerned 
about impacts to other sanctuary resources such as sea turtles, seabirds, and fish. As such, ONMS 

is actively engaged in research to better unders tand fish movement and behavior within sanctuary 
waters. particularly soniferous species such as rockfi.shes and endangered and keystone species 
such as salmon. ONMS is engaged with partners to better understand the acoustic behavior and 
potential impacts of anthropogenic noise for more acrustically sensitive fah species in the 
s anctuary. Salmon, however, continue to represent a species of elevated interest for research 
relative to the impacts of acoustic activities offshore, given their role as key prey for critically 
endangered SRKW. 

1 Tue NMSA regulations define"'lo injui-e" as "to change adversely,eitherin the short or long letm, a 
chemical, biologica lorphysicalattrilmte of:orthe viability of This inchides, but is not limited to, to cause 
the loss ofor destroy." 15 CFR 922.3. Throughout this letter-reference to the word " inju.ry" means " injury" 
as defined under-the NMSA 
2 Take (as dis cussed in the SRS and in NMFS' p roposedrnle) is an es timat-e ofpo teutial impact to marine 
mammals adjus ted toreflect iiq>leme_nt-ation ofproposedmitigation . While ' take ' does no I necessarily 
ac.count for all injuries to marine mamna.ls , as a bas is for initiating NMSA 304( d) consuhation, take 
occurring within thesancniary has beencomidered " likely" injury by NMFS and NSF and thus will be 
considered in our injury analysis. 
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Based on our evahiation of material provided in the SRS and associated EA, Q)n\,{S concurs with 
NMFS and NSF' s conclusion that Level A and Level B takes of marine mammals occurring in 
the sancruary as a resuh of the propos ed geophysicalswvey constitute injury as defined under the 

NMSA ONMS is aware that take es tin1ates represent conservative predictions for the maxinmm 
number of exposure "events" that could happen during the survey. For each population, the 
number 25 captures both 25 e>.'Posures to one animal in one day in one year and 25 different 
individual<; each exposed once over the course of the smvey, and every ccmbination in between. 
Take is therefore an important q113.Iltification and means to explore the possible efficacy of 
mitigation strategies . However, take i.,; a less useful tool for providing a hofutic repr esentation of 
actualized impacts to OCNMS 's resources and qualities . 

ONMS is providing NMFS and NSF with the following recommended alternatives to heighten 
mitigation for SRKW in the sanctuary due to their critically endangered s tatus and use of 
OCNMS offshore waters. 

IV. NMSA Section 304(d) Recommended Alternatives 

ONMS recommends that ;-ISF and 1\l!MFS in1plement the following recommended alternatives to 
protect sanctuaiy resources during its proposed geophysical survey activities: 

1. Re<!T1ctfo11 i11 take of nil11erable m ari11e 111 nmmal stocks wi/1,i11 the sn11ct11ary ,·in 
e11/,a11ce111ents of procedural mifigatia11 to 1layUg/1t hour operatio11s wit/Jiu OCN.US 

ONMS recommends an enhancement of the current procedural mitigation measures to reduce 
potential injury ro marine mammals due to higher density of occurrence within the sanctuary. Tre 
s ancnwy overlaps humpback and gray whale areas of biological importance, as well as portions 
of proposed critical habitat for SRKW and humpback whales. National marine sanct\Jaries are 
designated due to the special national, and in some cases international s ignificance of their 
conservation, recreational, ecological, historical, scientific, cultural, archeological, educational, 
and/or esthetic qualities . National marine sanctuaries require a higher standard of resource 
protection than other marine waters. Furthermore, the usual and accustomed fishing grounds of 
the coastal treaty tribes fully overlap the sancn1ary, exemplifying the productivity and uniqueness 

of this region. 

ONMS recommends the augmentation of operations within OCNMS to be restric ted to daylight 
hours only regardless of depth. NSF is currently proposing to limit "survey operations to daylight 
hours only ... in waters 200-m or less between Tillamook Head, OR and Barkley Sound, BC" as 
this "is expected to increase the ability of PS Os to visually detect Southern Resident killer whales 
and initiate shutdowns to ruioimizeexposures" (SRS p. 8) . NSF is planning to survey 149.7km of 
ODlMS, of which 47.1km (31.5%) ofthetracklines are deeper than 200-01 and therefore would 
not be covered under the existing mitigation measure. There is limited information on the 
distno ution of SRKW on the outer Washington coast. Due to the extreme fragility ofthi.,; stock 
we are recommending enhanced precautions to limit exposures of the survey within the fun extent 

of the sanctuary. By restricting activities within the sanctuary to daylight hour s, the ability to 
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visually detect marine mammals and initiate shutdowns to minimize exposures w ill be enhanced 
during survey operations in this highly productive region.. 

2. Red11ctio11 i11 take of nil11erable 111ori11e mammal. stocks within the sanchiary through 
11lili:ntio11 of a secondary obsen·er 1·essel thro11g/Jo11t OCJ\'JIS 

As mentioned in our previous recommendation, OCNMS is a highly productive region for marine 
mammals. including listed species under the ESA 

ONMS recommends the augmentation of operations within OCNMS to have continuous 
utilization of protected species observ-ers (PS Os) on the second vessel operating ahead of the RJV 
Marcus G. Langseth within the sanctuary regardless of depth. )!Sf currently proposes "survey 
operations ... requiring a second vessel with additional PS Os to travel ahead of the L.angseth in 
waters 200-m or less between Tillamook Head, OR and &rkley Sound, BC'' as this '•is expected 

to increase the ability of PS Os to visually detect Southern Resident killer whales and initiate 
shutdow11s to minimize exposures·, (SRS p . 8). However. nearly one-third of the tracklines within 
OCNMS are deeper than 200-m and therefore would not be covered under the existing mitigation. 

As previously noted. our understanding of SRKW distribution on the outer Washington coast is 
limited. Due to the extreme fragility of this s tock we are recommending enhanced precautions to 
lim.ir exposures of the survey within the full e.i{tent of the sanctuary given the high productivtty of 
this region. By requiring the continuous use of PSOs on the second vessel regardless of depth in 
OCNMS, the ability to visually detect marine mamma.ls and initiate shutdowns to minimize 
exposures will be enhanced during survey operations. 

V. NMSA Monitoring and Reporting Recommendation 
Several pro grants are being actively developed to better share in.fonnation regarding the presence 
of individual SRKW due to their critically endangered s talus. The Whale Report Alert System, 
although currently not well populated for offshore waters, is likely to see advancements in the 
coming years and would provide another resource for mitigation response in OCNN.IS for this 
stock. In tum, :NSF observations woul:i provide a fom1 of data input in offshore waters that woukl 
be of value for the alert system as a whole. We therefore recommend that NSF co115tder 

investment in this system as a user when the distribution of information becomes relevant for 
offshore operations. 

VI. T nbal Consultation and N otific atiou 
Pursuant to Executive Order 13175 and NOA,.1\ Procedures for Government-to-Government 
Consultation with Federally Recognized Indian Tribes and Alaska Native Corporations. Q)IMS 
has developed a 304( d) consultation protocol with the Makah Tribe to ensure timely, me3llingful 

discussion during the 304(d) process. In ccmpliance with ONMS 304{d) consultation protocol 
with the Makah Tribe, O:l\1MS notified rheMakah Tribe ofilieNSF ~dN:MFS submission ofa 
SRS, as well as provided the completed SRS and initiated formal communication on tllis 
proposed federal action onJanuary 27, 2021. OnFebmary22, 2021. ONMS and Makah staff 
consulted on the completed SRS, ONMS recommendations. tnbal interests, and shared priortries. 
The Makah Tribe submitted a written response supporting omis recommendations on March 4. 
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2021 . The Makah Tribe's input has been integrated into ONMS recommendations, where 
applicable. O::--JMS also shared the completed SRS with tribal s taff at Quinauh Indian Nation. Hoh 
Tnbe, andQuileute Tnbeon January28, 2021. 

The high productivity of this region has supported tribal subsistence and co111merce for thousands 
of years. The 1855 Treaty of Neab Bay with the Makah Indian Tribe and the 1856 Treaty of 
Olympia with the Hoh Indian Tribe, Quileute Indi.'Ul Tribe, and the Quinault Indian Nation 
reserved the .. right of taking fish3 at all usual and accustomed groonds and stations:' into 
perpetuity. The treaties \\'erea grant of rights from the tribes and a reservation ofrights not 

granted" The Hoh. M.akah, and Quileute Tribes and Quinault Indian Nation (hereinafter the 
coastal treaty tribes) have treaty-reserved rig_hts off reservation, inc hiding usual and accustomed 

fishing grounds (U&As) that extend 30-40 nautical miles offshore in which commercial 
subsistence, and ceremonial fisheries occur. The U&As of the coastal treaty tribes fully overlap 
the sanctuary. 

Several of the coastal treaty tnbes (Mak.ah, Quileute, and Quinault) have expressed concerns on. 
in1pacts to treaty-reserved f isheries and have requested coordinated communications from the 
survey vessel with their respective fisheries departments when approaching 1heir U&/\s to avoid 
or minimize in1pacts. To facilitate this coordination in communications , below ~e the tribal staff 
we recommend NSF coordinate wi1h to avoid and m.ini111ize adverse impacts. 

Hoh Tribe: 
• Wendy I.argent, )latural Resources Director: ,vendy.larne:nt@hohtnbe-nsn.or1r. 

(360) 780-0010 

• Julie .A.nu Koehl.inger. Timber, Fish, and Wildlife Biologist: 

julie.koehlineer@hoh1ube-nsn.org. (360) 780-0551 
• Brian Hoffman. Fisheries Management Biologist: brian..hoffman@hohtribe-nsn.org, 

(360) 780-2008 

Makab Tribe: 
• Ray Colby. Assistant Fisheries Director: rav.colby@makah com. (360) 6404262 

• Will Jasper. Groundfish Biologist: william.jasper@makah.com. (360) 640-1662 
• Tiffany Petersen, Salmon Biologist: hffany.petersen@makah.com, (360) 640-304 7 
• Jonathan Scordino, Marine Mammal Biologist: 10n.scordmo~makah.com. 

(360) 640-0959 

Ouileute Tribe: 
• Frank Geyer, Natural Resources Director: frank.geyer@guileutetribe.com. 

(360) 374-2027 
• Jennifer Hagen. Marine Policy Advisor: 1ennifer.hagenatguileutetribe.com. 

(360)- 640-4430 

3 Toe Treaty ofNeahBayhas unique l.111guageresen.ingMak:ah's right to "whaling and sealing'· in 
addition to fuh. 
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Quinault Indian Nation: 

• Joe Schumacker. Marine Resources Scientist: ischumacker@ouinauh-orn. 
(360) 590.0162 

• Scort Mazzone, Shellfish/Marine Fish Biologist smazzone(@quinault.or!!". 
(360) 590-0293 

• Alan Sarich. Marme Finfish Biologist: a5arich@guinault.om, (360) 591-4946 

VII. Next Steps for Consultation 

Cons is tent with section 304( d)(3) of the NMSA once NSF and N1v1FS have had an oppommity to 
consider our recommended alternatives, please engage ONMS for further consultation" Should 
NSF and N1v1FS decide not to follow our reconwiended alternati\•es (as provided herein or 
modified in further consultation), please provide ONMS with a written statement documenting 
your dec isions and rationale. Finally, pursuant to sec tion 304(d)(4) of the NMSA if NSF and 
NMFS takes an action other than those recommended herein, and such ac tion results in injllry to a 
sanctuary resource, the heads of NSF and NMfS are required to promptly prevent and mitigate 

further damage, and restore or replace the sanctuary resources in a manner approved by ONMS. 

This consultation applies to the proposed action as dermed in NSF's draft Environmental 
Assessment andNMFS's proposed incidental harassment authorization.. NSF and NMFS must 

reinitiate consulration with ONMS if either agency determines that they trigger the NMSA's 
consultation requirements . Specifically: 

• If the action is modified such that it is likely to destroy, cause the loss of, or iujure a 
sanctuary resource or quality in a wanner different or greater than was considered in a 
previous consultation under section 304{d) of the NMSA; or 

• If the action is likely to destroy, cause the loss of, or injury a sanc tooryresource or 
quality not con,;idered in a previous consultation under 304( d); or 

• If new information reveals that the action it is likely to destroy, cause the loss of. or 
injure a sanctuary resource or quality in a manner different or greater than considered ill a 
previous consultation; or 

• If a new action is proposed that is likely to destroy. cause the loss of, or injure a sanctuay 
resource. 
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UNITED STATES DEPARTMENT OF COMMERCE 
t,ational Oceanic and Atm osphericAdministration 
W. TIONAL OCEAN SER.Jk:E 

Olym pic Coast National Marine Sanctuary 
115 E.. Rairoad Ave SW!e 301 
Pon Ang~. Washington ~2 

April I, 2021 

Dr_ Sean Higgins 
Coh.unbia University Lamont-Doherty Earth ObseJVatory 
61 Route 9W 
Offi::e of Marine Operations 
Palisades, NY 10964 

Dear Dr. Higgins: 

The National Oceanic and Atmospheri: Administration, Offce ofNatiooal Marine Sanctuaries 
{ONMS) has approved the issuance of permit number OCNMS-2020-001 to cooduct activities 
within Olympi: Coast Natimal Marine Sanctuary (sanctuary) for research purposes. Activities 
are to be conducted in accordance with the pernrit apphcatim and a11 supporting materials 
submitted to the sanctuary, and the terms and conditions of permit number OC,'NMS-2020--001 
(enclosed). 

Thie; permit is not valid until signed and returned to the ONMS. Retain one ,;igned copy and 
carry it with you whi£ conducting the permitted activities. Additional copies umst be signed and 
returned, by either mail or email, to the following individual within 30 days of issuance and 
before commencing any activity authorized by tlm permit: 

Katie Wrubel 
Permit Coordinator 
Olympic Coast National Marine Sanctuary 
115 E. Railroad Ave . Suite 301 
Port Angeles, Washington 98362 
Katie.Wrubel(@,noaa.gov 

Your pennit contains specific terms, conditions and reporting requirements. Review them 
closely and fully comply with them while undertaking permitted activities. 

If you have any questions, please contact Katie Wrubel atKatie.Wrube1@,noaa.gov. Thank you 
for your continued cooperation with the ONMS. 

Enclosure 

Sincerely, 

Carol Bemthal 
Superintendent 
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UNITED STATES DEPARTMENT OF COMMERCE 
f'lational Oceanic and Atmospheric Adm inis trntion 
"'6.llONAL OCEAN SffiVCE 

Olym p ic Coast t-l!ltional Marine Sanctuary 
115 E. Raoad Ave Suite 301 
Port AngE-'.es. Washingion -.s:382 

OLYl\IPIC COAST ~ATIONAL:\IARINE SANCTUARY 
RI:SEARCH PERM IT 

Permittee : 
Dr. Sean HiggnlS 
Cohunbia Universlty Lamont-Doherty Earth 
Obseivatory 
61 Route 9W 
Offre of Marine Operations 
Palisades, NY 10964 

Permit Number: OC'NMS-2020-001 
I.Jlectin Date: May L 2021 
Ex piration Date: August 31. 2021 

P1·oject Title: Collaborative Rese.arch: Ilh.tminating the Cascadi1 plate boundary zone and 
accretionary wedge with a regional-scale uhra-long offset undti-channel seismic study 

This permit is issued for acti\,iries in accordance with the National Marine Sanctuaries Act 
(NMSA), 16 USC §§ 1431 et seq., and reguhtions thereunder (15 CFR Part922). All acti\,-ities 
must be conducted io accordance with those regulations and law. No activity prohrbited in 15 
CFR Part 922 is allowed except as specified in the activity description below. 

Subject to the terms and conditions of till'> permit, the National Oceanic and Atmospheric 
Administrati:m (NOAA). Offce of :N"ational Marine Saucruaries (ONMS) hereby authorizes the 
pennittee listed above to conchtet research activities within Olympic Coa,;t National Marine 
Sanctuary {OCNMS or sanctuary). Ail activities are to be conchicted in accordance with this 
pem:iir and the permit application received December 17, 2019. The permit application is 
incorporated into this permit and ma.de a part hereof; provided, however, that if there are any 
conflicts between the permit application and the tenns and conrutions of this pemut the terms 
and conditions of till'> permit shall be controlling. 

Pen:nitted ActiYitvD esni ption: 
The following activities are authorized by this permit: 

Deploym ent of 3 ocean bottom seismometers and abandonment of concrete anchor; . 

No further activities prohibited by sanctuary reguhtioos are allowed. 

Pen:nitte d ActiYitv Location: 
The pennitted activity is alhwed only in the folhwing location(s): 

Approximate coordioat.es for the OBS deployments within the Olympic Coast National Marine 
Sanctuary (OCNMS) would be as follows: 
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Page 2 of6 

Line OBS Lon 
22 113 -124.92642 
22 114 -124.80873 
22 115 -124.69096 

Lat Depth (m) 
47.22340 586.2 
47.24203 149.3 
47.26055 105. 1 

Special Tums and Conditions: 

1. This permit is effective from either May 1, 2021 or the day it is signed by the permittee and 
delivered to the OCNMS Pemlit Coordinator (see General Te1lllS and Condition # 1), whichever 
is hter. The executed pemi.it will be \>a-lid through August 31, 2021. The permittee may request 
an amendment from the OCNMS Superintendent a minimum of 60 days in advance of this 
expiration elate, to extend the effecti\·e date of this pennit Amendments to this permit cannot be 
made after expiration. 

2. This permit does not relieve the pemlittee of responsibility t.o comply with all other federaL 
state and local la.\vs and regulations. 

3. While in. or adjacent to, the sanctuary strict compliance to mitigations outlined in the Marine 
Mammal Protection Act (MMP A) incidental harassment authorization (IlIA) are required as well 
as the recommended ahernatives agreed upon under N atioual Marine Sancniaries Act (NMSA) 
304{ cl) consultation and requirements under Endangered Species Act consultations. In addition t.o 

IHA mitigations, daily contact between :NMFS Protected Resources Division and the protected 
species observers shall be est.ablished. 

4. As agreed under NMSA 304{d) consuhatiou, while within OCNMS survey actnrities will be 
restricted to daylight hours only with sufficient visibility to enhance efficacy of protected species 
observers. Furthennore, while in OCNMS, reg;udJess of depth, a secondary support \·essel aiding 
in protected specie-s obsenia.tions will be utilized. 

5. The OCNMS Pennit Coordinator (see General TellllS and Condition # 1) shall be notified at 
least 72-hours in advance, and at the conchlsiou, of any fieki operations conducted under this 
pennit. Notification shall inc hide a brief description of the planned operations and schedule. 

6. The Pemuttee will provide ship-based and shore side contacts to the OCNMS Pennit 
Coordinator. The Penuittee \Vill provide notice when the RN Oceanus will be deploying the 
ocean bottom seismometers as well as when the RN Marcus G. Langseth is luxlerway. This 
notice should inc hide the anticipated schedule for approaching the sa11ctuary. The pemlittee will 
also provide notice a minimum of 72-hours prior to entering OCNMS boundaries to the OCNMS 
Permit Coordin.1.tor. 

7. When approaching tribal usual and accustomed fishing grounds (U&As), the SUI\·ey vessel 
should conumuucate cbrectly with their respective fisheries departments a mmimun1 of 72-hours 
in advance to avoid or minimiz.e impacts. To facilib.te this coordination in c0Jll11lunications 
below are the tribal staff we recommend NSF coordinate with t.o aYoid and minimize adverse 
in:ipacts: 
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• Quinault Indian Nation: 
o Joe Schumacker. Marine Resources Scientist: jschmnacker@quinauh.org, 

(360) 590-0162 
o Scott Ma22one. SheDfishlMarine Fish Biologist: sma22one@quinauh.org. 

(360) 590-0293 
o Alan Sarrh. Marine Finfasb Biologist: asarich@quinault.org. (360) 591-4946 

• Hoh Tnbe: 
o Wendy Largent Natural Resources Director: wendyJargent@hohtribe-nso.org. 

(360) 780-0010 
o Julie Ann Koehlioger, Timber. Fish. and Wildlife Biologist: 

julie.koehlinger@hohtribe-usn.org. (360) 780-0551 
o Bm n Hoffman. F~heries Management Biologist: brian.hoffi:nan@hohtribe 

nsn_org, (360) 780-2008 

• Quileute Tribe: 
o Frank Geyer. Natural Resources Director: frank.geyer@quileutetribe.com, (360) 

374-2027 
o Jennifer Ha.gen. Marine Policy Am'lSor: jennifer.hagen@quileutetribe.com. (360)-

640--4430 

• Makah Tribe: 
o Ray Colby, Assistant Fisheries Director: ray.colby@makah.com. (360) 640-4262 
o Will Jasper. Groundfish Biologist: willia.m..jasper@makah.com. (360) 640-1662 
o Tiffany Petersen. Sahnon Bi1k>gist : tiffany.peterscn@ma.kah.com. 

(360) 640-3047 
o Jonathan Scordino. Marine Mammal Biologist: joo.scordino@makah.com 

(360) 640-0959 

8. The pemut holder will contact the U.S. Naval Air Station Whidbey Island Community 
Planning & Liaison Officer for the Northwest Training Range Complex (N\VTRC) a minimum 
of 48 hours prior to the planned arrival ou the first air gun array survey line. TI1e pern:iit hokJer is 
required to work with the U.S. Navy to avoid conflicts with na,.il operations. The current contact 
is Ms. Kimberly Peacher, who can be reached at (360) 930-4085 (work cell) or 
kimberly.peacher@navy.mil The- OCNMS permit coordinator should be informed of any 
communication and agreements between the U.S. Na,y and the permit ho.Ider. 

9. The permittee shall maintain contact with the U.S. Coast Guard DB Waterways Management 
Branch regarding the location of the ocean bottom sei<m1ometers. to ellSUfe that they are properly 
identified on the nautical charts and/or noticed in the ''Local Notice to Marners". as appropriate. 
Copies of any correspondence, example "Local Notice to Mariners" notice. or other permit or 
authorization shall be provided to the OCN'"11S Permit Coordinator (see General Terms and 
Condition #1). 

10. Operations within the International Maritime Organization. (IMO) Area to be Avoided 
(A TBA) or 1,vithin the traffic lanes are to be conducted in coordination with the United States 

Appendix H 

Final Environmental Assessment/Analysis for L-DEO Cascadia Subduction Zone, 2021 H-14 



 

     

Higgins 
Permit# OCNMS-2020-001 
Page4of6 

Coast Guard Sea.~ Traffic or Canadian Coast Guard Prince Rupert Traffic, as appropriate. 

11. During activities authorized by this permit, the permittee shall display, when appropriate, 
international signals for conducting special opera.tions, monitor VHF radio and attempt to 
establish bridge-to-bridge communications with all approaching commercial shipping traffic to 
advise them of restricted maneuverability and to arrange passing and/or closest point of 
approach_ 

12. Withm 30 days of completion of each installation, se:rvi:ing or retrieval event, the pennittee 
shall submit a brief, written report on the pemlitted activities within OCNMS, incbJding revised 
coordinates (if the instrument location is not conc;istent with its proposed coordinates) and a 
description of materials abandoned on the seafloor. Please send this report to Katie WrubeL 
OCNMS Permit Coordinator, via email (katie.wrubel@noaa.gov). 

13. TI1e pemlittee is required to recover all equipment, with the exception of three concrete 
anchors. If equipment is not recovered a report describmg the failed attempted recovery, detailed 
description of the abandoned equipment, its location, and plans for future recovery attempts shall 
be provided to the OCNMS Permit Coordinator withm 2 weeks of the incident. At no time may 
hazardous materials, including batteries, be discarded within the sanctuary. 

14. No activity authoriz.ed by this pemlit shall disturb or inlpa-ct any historical or marine 
archaeological resources of tl1e sanctuary. If historical or marine archaeologic.al resources are 
encountered at any time, the pennittee shall cease all further activities under this pemut and 
immediately contact the OCNMS Pemlit Coordinator (see General Tenm and Condition # 1). 

15. Data and results from the survey should be ma.de available within a reasonable timeframe. 
The permittee should present the resuhs of the survey to the Olympic Coa.st communities and can 
work with OCNMS on identifying avenues for outre.ach (i.e., Sanctuary webinar series, 
Sanctuary Advisory Council meeting, or other venues). 

16. Tue permirtee shall submit final report of all activities conducted under this pennit to the 
OCNMS Permit Coordinator (see General Tenns and Condition #1) no later than December31 
of 2021. The report should inch.1de information regarding pennitted activities such as servicing 
dates, problemc.; encountered, lost equipment, and rusturbance of historical artifacts. There 
should be a section that documents lost equipment that has not been recovered to date, this 
should include equipment that was hst under previous pennits related to the same project, if 
applicable. 

17. TI1e permittee shall subnlit a report of the survey fu1dings wit.run a reasonable amount of tin1e 
following completion of the survey. 11us report should be provided to the OCNMS Pennit 
Coordinator and the coast.al treaty tribes (see Special Condition #7 for contacts). 
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General Teims and Conditious : 

1. Within 30 (thirty) days of the date of i'isuance, the pennittee un1st sign and date this 
pennit for it to be considered valid Once signed, the pennittee must send copies, via 
mail or email to the following individua l: 

Katie Wrnbel 
Permit Coordinator 
Olyu:ipic Coast National Marine Sa11ctuary 
115 E. Railroad Ave , Swte 301 
Port Angeles, Washington 98362 
Katie. Wrnbel@noaa.gov 

2. It is a violation of this permit to conduct any activity authorized by this permit prior to 
the ONMS having received a copy signed by the pennittee. 

3. This permit may only be amended by the ONMS. The pen:nittee may not change or 
amend any part of this permit at any time. The teffilS of the permit must be accepted in 
full, without revi'iion; otherwi'ie, the pen:nittee must return the permit to the sanctuary 
offre unsigned with a written explauation for its rejection. Amendments to this permit 
must be requested in the same manner the original request was made. 

4. All persons participating in the permitted activity must be under the supervision of the 
pemlittee, and the permittee is responsible for any violation of this pemllt, the NMSA, 
and sanctuary regulations for activities conducted under, or in conjunction with, this 
pemlit. The permittee must assure that an persons perfonning activities wider this pernlit 
are fully aware of the condition,; herein. 

5. This permit is non-transferable and must be carried by the permittee at all times while 
engaging in any activity authorized by this permit .. 

6. This permit may be suspended, revoked, or modified for violation of the teffilS and 
conditions oftbi'i peanit, the regulations at 15 CFR Part 922. the NMSA. or for other 
good cause. Such action will be comn1U1ucated in writing to the applicant or pennittee, 
and will set forth the re.ason(s) for the action taken. 

7. This permit may be suspended, revoked or modified if requirements from previous 
ONMS permits or authorizations issued to the pen:nittee are not fulfilled by their due 
date. 

8. Permit applications for any future activities in the sanctuary or any other sanctuary in the 
system by the pennittee might not be considered until an requirements from this per nlit 
are fulfilled. 

9. This permit does not authoriz.e the conduct of any activity prohibited by 15 CFR Part 922, 
other than those specifx:ally described in the "Permitted Activity Description" section of 
this pem:ut. If the permittee or any person acting under the permittee's supervision 
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c cmdu.cts, oc causes to be conducted, any acm,-lty m the. s ancnwy not 01 accorda- with 
the le.mu and conditi:>m set forth in ihis penmt, or v.iio otberwi:.e '\>:iolates such terms and 
c ondlims, tbe pemuttee may be sub~ct to civil penalties, forfeiture, ca,ts, and all other 
ieemedies undM the NMSA and:ils implementmg regulatiom at 15 CFR. Part 922. 

[ 0. Any pubkatiom and/oc reports resukmg from activities conducted under Ifie authoi_-ty of 
tlm pemut DlU5t inchule ·me noiation that the acmity was conducted under Namnal 
:t..larine Sanctua:ry Permit OCNMS-2020-001 and be se.nt to the ONMS offi:ial listed in. 
ger.e.ralcorulition lI1lmber I. 

H . Tbn penm does ootrelie:ve the penmtt~ ohe.spomibi]jy to comply mth all other 
federal,, state and local laws and regul.rtioin, and this permit i'l oot valid ,mlil a'II other 
11ecessary per.mils, authorizations, and approvals .a.re ootalll2d. Parlrululy, this per.mit 
does not allow dis-fm:ba.uce of marine mammah or seabirds protected under proi,-isions of 
the ~<>ered Species Acl, lvLuine !viammal Protecnon Act, oc Miuatoiy Brd Treaty 
Act Auihonz.auon for incidemal or drect harassmeDt of species protected by tbes e acts 
must be secured from the U.S. Fish and Wildlife. Sen-re and/or NOAAFi;herie.s, 
dep,e.ndiog upon the :;pecies affected. 

il.2. Th£pernmtee sball mi2.mmfy and bold b.umless the Office of National Marine 
Sa.nduari!.s, NOA~ the DepJrtmenr of Commerce and the United States for and against 
any d a.ms arising from the conduct of any penuitted activities . 

13. Any queSbOil of inte:ipnital:ion ofany termorcorulition of this pemril will be re5®-ea by 
NOAA. 

Your s;ignature below, a ~ penniltee, mdi::ates that you 2ccept-aed .ag:r~ to comply wih all ~rms 
and cooditJom. oi dlis permit. This pe1mit becomes .-a.!id when JO!IL. the pemmtM, ccruntersign 
and date beJDw. Please lllOte that the expiration date ou this penmt r; already seJ and will not be 
extended by a de.by in your signm~ 

Colmubil Un.n."Wsity Lamont-Dowty Earth Obsei,,atoiy 

Carol Bemthal 
Supe.imndeot 
Ol;~ic Coast National Marine 5.anctuary 

0 doc:umenl(s) attached. 

4/12121 

04(0]/2021 
Date 
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UNITED STArES DEPARTMENT OF COMMERCE 
Natlonal Oceanic and Atmospheric Administration 
NATiONAL OCEM SERVICE 
OFFICE OF NATIOl'JAL MARI~!: ,S,,\NCTUARIES 
ot,IT'lllt Coast N.olaanal Manne S.,nc,1uo,y 
I I 5> 1c~, 1 R••l1oad "•en~e Su,re 301 
P~•I Al'{lE41!& WA 88382-2925 

January 27. 2021 

Amy Fowler 
Inctdental Take Program 
National Marine Fisheries Service Office of Prnteded Resources 
1315 East-West Highway 
Silver Spring. J.l.,ID 20910 

Holly Smith 
National Science Foundation 
2415 Eiseuhowe,r AHtme 
Alexandria, Vit·ginia 22314 

Dear ~1s. Fowler, Ms. Smith: 

Ou May l. 2020, the National Oce.anic and Atmos1>httic Administration (NOAA) 
Office ofNationalMarine Sanctuaries (ONMS) received the National Science 
Foundation (NSF) and NOAA National Marine Fisherie'> Service (NMFS) initial 
Sancruary Resource Statement (SRS) 311d request to initiate consulta1ion under the 
National Marine Sancroaries Act (NMSA; 16 U.S.C. 1434) for a proposed marine 
geophysical S111ny of the Cascadia Subduction Zone in the northeast Pacific Ocean using 
the RIV Marcus G, Langseth. The proposed action includes the associated notice of 
-propo,;ed mlemalcing by NMFS to issue incidental take authorizations wider the Marine 
Mammal Protection Act (MMP A) 10 Lamont-Doherty Earth Obsen,atory for lakes of 
marine mammals incidental to the geopbysic.al surveys (April 7, 2020; 85 FR 19580)_ 
The SRS references the permit application 10 Olympic Coast National Marine Sanctuary 
(OCNMS) initially submitted on December 17, 2019 and a Draft EnvironmentaJ 
Asse,;sment prepared by NSF ( dated November 21, 2019) _ After ONMS • s request for 
additional information and clarification, ONMS received a fl1131 rev-ued pennit 
application on May 15, 2020 and a final re.-ised SRS on January 22, 2021 _ 

Pursuant to section 304(d) oflhe N1v1SA. ONMS conducted a review of the revised SRS 
and referenced documents and find:. that it is S11fficient for the purposes of making an 
injury determination 311d developing recommended alternatives. The next step in the 
consultation prncess is for ONr\.1S to evaluate whether OCNMS resources are likely to be 
injured by the proposed action, and if so to develop any nece">Sary reasonable a:nd prudent 
alteroati-ves to protect sanctuary resource-S. Consistent with NOAA's govemment-to
govemment consultation r~pon;,1oilities with the Makah Tribe. ONMS will share a copy 
of the SRS with the Makah Tri~ and initiate discussions regarding technical/policy input 
011 any potential recommended altematives, ONMS will c,omplete this wod.: within 45 
days of the dale of this letter, no tater than March 12, 2021-
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lf you have any questions, please contact Katie Wrubel at katie.wrubel@:noaa 11:0v. 

Sincerely, 

Carol Bemthal 
Sanctuary Superintendent 
0 1:,mpic Coast National Marine Sauctuaiy 

cc: Vicki Wedell, NOAA Office of National Marine Sanciua:ries 
Sophie Godfrey-McKee, NOAA Office of National Marine Sanctuaries 
Leila Hatch, NOAA Office of National Marine Sanduaries 
George Galasso, NOAA Oljlllpic Coast National Marine Sanctuary 
Kalie Wrobel, NOAA Olympic Coast National Marine Sanctuary 
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I • I Fisheries and Oceans 
Canada 

Pacific Region 
fflS)'Slem Management Brandl 
3190 Hammond Bay Road 
Nanaimo, BC 
V9T6N7 

Peches et Oceans 
Canada 

R.e~on du Pacifique_ 
Gestion des ~,:.y.;h!ms 
J 190. rue Hammond Bay 
Nana.imo. (C-B.) 
V9T6N7 

four fll.G fotre rlfirt111L<1 

April 6, 2021 NSF Cascadia Subdll.Ction Zone 
Seismic Survey 

Our ik Karru~tJJtU 
20-HPAC-01328 

SeanHiggim 
Director, Office of Marine Operations 
Lamont-Doherty Earth Obsen;atory(LDEO) of Columbia Uuiven.ity 
61 Route 9 \Ve~t 
Palisades. New York. USA 10964 

Via email: sean@ldeo.columbia.edu 

Dear Mt. Higgim: 

Subject: ~ational Science Foundation ();SF) }larine Seismic Surny of the Ca">cndia 
Subduction Zone, ~lay 01- J uly 10, 2021. 

Fisheries and Oceans Canada (DFO) received your proposal on December 18, 2020. We 
understand that you propose to conduct high-energy ~ismic SU1veys from the Re~.arch Vessel 
(RIV) Marrns G. Langseth (Langseth) in combination with Oce.an Bottom Seismometers (OBS) 
at the C05codia Subduction Zone in ilie Northeast Pacific Ocean off the west coast of Vnncouver 
Island during late springl.swnmer 2 02 1. ln particular: 

• The proposed 1\-vo-dimensional (2-D) seismic surveys will occur over an e;timated 16 
days within the E.'=clus1ve Economic Zone (EEZ) of Canad.., and Canadian Territorial 
Waters. 

• The RN Langseth will crnise at 7 .8 km/h ( 42 1..1) and deploy a 36-airgun towed array (12 
m depth: 3 7 .5 m shot interval) with a total discharge volume of -6600 in3 in water depths 
ranging from 60-4400 m. 

• The array will have a sound output equivalent to 250 dB RMS (root mean square) re: 1 
~tPa which is abo,·e !hl' sound pressure level (160 dB R.1,1S re: 1 µPa) that can result in the 
temporary threshold w.ift in the hearing of marine mammals. 

• The receiving system will consist of a 15 lau long hydrophone streamer. 

• In addition to thl' operation of the towed array rod hydrophone streamer, the RIV 
Lang~lh will operatl' a multibeam echosounder. a sub-bottom profiler and an acoustic 
Doppler current profiler continuously during the seismic suivey. 

Canada 1/5 
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We understand a number of aquatic species listed under the Species at Risk Act (SAR..\) may 11st' 

the area in the vicinity of where your proposed activities are to be c.airied out. These listed 
species include the endangered Southem Resident Killer Whale. 

Our review considered the follov.ring information: 

• DFO Request for Review form dated December 18, 2020; and 

• Draft En11ironmental Assessment/Analysis (EA/A) of a Marine Geophysical Sunrey by RIV 
Marcus G Langseth of the Cascadia Subduction Zone in the Northeast Pacific Ocemi, 
Late Spring/Summer 1020 dated November 21, 2019, prepared by LGL Ltd (King Ci.ty, 
Ontario). 

Your proposal has been reviewed to determine whether it is likely to result in: 

• the death of fish by means other than fuh.ing and the haanful alteration, disniption or 
des1rnction offish habitat which are prohibited under subsections 34.4(1) and 35(1) of the 
Fisheries Act; and 

• effects to listed aquatic species at risk, any part of their critical habitat or the residences of 
their individuals in a manner which is prohibited under sections 32, 33 and subsection 
58(1) of the Species at Risk Act. 

The aforementioned outcomes are prohibited unless authorized under their respective legislation 
and regulations. 

DFO's review of the information provided indic.ates that there are a number of both listed and 
non-listed aquatic SARA species that are likely to be present or in the vicinity of the proposed 
seismic survey. As such, DFO recoiwneuds that avoidance of sensitive habitats and SARA-listed 
species be undertaken. However, given the nature of the proposed activities, such as the extent, 
location and t:iming ofact:ivi.ties, avoidance measures may not ah,vays be posc;:ible. For example, 
using observers to a\roid encounters \vith marine mammals may not always be effective given the 
physical limitations of observing animalc; during certain conditions, such as late spring/summer 
stotms with Beaufot1 sea states > 3 and the proposed night-time operations. Killer Whales (all 
eco types: resident, transient, offshore) ru:e known to have a strong behavioural re.action to intense 
mid-frequency noise and Southern Resident Killer Whales, in particular, are currently facing 
imminent tht·eats to their survival and recove1y from multiple factors including anthropogenic 
sound. Impacts ou a small number of individuals can have serious population-level consequences 
if population numbers are already low, as in the case of the Southern Resident Killer \\lb.ales. In 
addition, the activities ·will oocur adjacent to designated critic.al habitat of Southern and Northern 
Resident Killer Whales as well as in areas under consideration for critical habitat orders for 
Transie.n:t Killer Whales. The generation of noise is intrinsic to the survey methodology and will 
c.ause short term disturbance of marine mammals including temporary threshold shift (hearing) 
and masking (communication). Physical injury or haem/harassment is not anticipated, as 
generated noise will continue to trigger avoidance behaviour by both marine nlallllllab and fish 
species as the RIV Langseth moves forward along the sui-vey tracks at slow speed (7 .8 km/h or 
4.2 kt) . 
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In addi1ion to the potentia.l for short term disturbance to the SARA-listed species ac; indic.ated 
above, DFO notes the following: 

• Other marine mammal a.pecies, in addition to those SARA-listed species, may be 
found in the proposed survey area a1 all times of the year, and some are particularly 
sensitive to anthropogenic noise, such as the Sperm Whale and four species of 
Beaked Whales. 

• Small cetace.an species (i.e ., dolphins. and porpoises) are ubiquitous in the are.a of 
the planned activities and may be encountered at any time of the year. 

• Impacts on a few individual animals of the following species may have serious 
population-level consequences if population abundance is low. In this regard, the Blue 
Whale, Sei Whale, Killer Whale (all ecotypes), Notth Pacific Right Whale, and G1·ey 
Whales from the Pacific Coast Feeding Group (two new populations designated as 
Endangered by the C-Ommittee on the Status of Endangered Wildlife in Canada, and 
under consideration for listing under SARA as Endangered: Pacific Coast Feeding 
Group, and We<rtem Pacific) are at greater risk of long-term negative impact,; becau,;.e 
of their low population lll11IJ.becs. 

• Due to the specifics of solllld propagation in shallow (<100 m) versus deep water 
(> 1 00m) there is a considerable r~ of ha1m to all cetac.e.ans in shallow waters from 
seismic sun;ey sources, but specifically from low frequency and mid-frequency sources 
of noise. There is additional risk of hann to species such as the Blue Whale and Sei 
Whale at medium and deeper water depths. 

The submitted ENA report describes the monitoring and mitigation measures that the proponent 
proposes to undertake during the seismic survey. These measures are generally consistent with 
cutTent standards including those outlined in the Statement of Canadian Practice with Respect to 
the Mitigation of Seismic Sound hi the Mar'lne Em,"iro11mmrt (SCP attached). However, given that 
mitigation measures outlined in the SCP are intended as minimum requirements and considering 
the large size of the airgun array to be emplo,yed and the likely presence of SARA-listed species, 
ii is imperative that additional mitigation measures be followed to reduce the risk lo marine 
mammals. 

Should the NSF proceed with the Cascadia Subduction Zone Seismic Sunrey, DFO reconunends 
that the NSF implement additional mitigation measure.$ such that the activities will avoid or 
minimize impacts and adverse effects to SARA-listed individuals and populations and avoid the 
destrnction of critical habitat. DFO also recommends implementing all reasonable altematives to 
those activities that have an adverse •effect. 

To avoid cau:s.ing the death offish (including marine manunals) and/or the harmful alteration, 
disruption, or destruction offa.h habitat, or causing prohibited effects to aquatic species at risk, 
DFO recommends that the mitigation mea::.-ur~ listed in the attached document and the submitted 
EA/ A document be implemented along with the following mitigation and avoidance measures. 
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The most stringent measure should be implemented where appropriate: 

• Conduct seismic survey acti.vitiec; outside of designated Killer Whale Critical Habitat 
(K.\VCH) v;,ith a setback that ensures that the estimated sonnd pressure level has 
diminished to $160 dB RMS re: 1 µPa for the shortest d~iauce to the boundary of 
KWCH. 

• Initiate an immediate and complete shutdown of the airgun auay if a Killer Whale (all 
e.cotypes ), N orthem Pacific Right Whale, whale with calf ( any species) or aggregation 
of whales (any species) is obseived. 

• Initiate an immediate and complete shutdown of the airgun auay if a Spenn Whale or a 
beaked whale (any spe.cies) is sighted within 1500 m of the au-gun array. 

• For other ob:senrations of mmine mammals and/or twtles, initiate an immediate and 
complete sbutdow-n of the airgun auay if these animals are obsei-ved within an 
established exclusion zone with a radius of 1000 m. 

• Refrain from conducting seismic sw,,;eys in waters less than 100 min depth. 

• Conduct seismic sw-veys in waters 100 to 200 m deep during daylight hours only, with 
a second vesse 1 having two marine mammal observers on watch. positioned 5 km ahead 
of the RIV Langseth. 

• Combine enhanced visual observations (e.g., reticle and big--eye binoculars, night vision 
devices and digital cameras) with non-visual detection methods (e.g., infrared 
technology (FUR) and passive acoustic monitoring) to increase the likelihood of 
deteding marine mammals during ramp up, Beaufort se.a states >3, and during night 
time survey operations. 

• Monitor the established exclusion zone v;,ith a radius of 1000 m for 60 minutes prior to 
initial start-up of the airgun array or resumption of operations following a complete 
shutdov.'ll to allow for the detection of deep diving animals. 

It :remains :your responsibility to remain in compliance with the Fisheries Act and the Species at 
Risk Act. It is also you:r Duty to Notify DFO if you have caused, or are about to cause, the death 
of fish (including marine mammals) by me.ans other than fishing and/or the harmful alteration, 
disrnption or destruction offish habitat. Such notifications should be directed to the DFO-Pacific 
Obsenre, Record and Report phone line at 1-800-465-4336 or by email at DFO.ORR
ONS.MPO@dfo-mpo.gc.ca. 

The protection of Southern Re5ident Killer Whales and other cetac-e.ans is a priority for the 
Government of Canada. DFO and the Canadian Coast Guard (CCG) work with various 
stakeholdet-s including the Province, First Nations, academia, and pri1:ate industry· partners to 
protect Southern Resident Killer Whales in British Colwnbia. Sightings of marine mammals by 
research vessels, such as the FJV Langseth, are typically provided to the CCG's Marine Mammal 
Desk at 1-833 -339-1020 or via CCG radio. The Marine Mammal Desk reports whale sightings in 
real time and ad"i ses ve,;sel traffic by providing enhanced situational awarene.s.s of the activities 
of Southern Resident Killer Whales and other ce-tace.ans, such as humpback and grey whales. 
Sighting information is used to prevent vessel strikes, entanglements and other thre.ats facing 
marine mammals. 
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DFO reccgnizes that this is a multi-vessel survey and that proposed activities may be carried out 
by vesseh:. that are not under the direction of NSF personnel To reduce impact;,, DFO 
recommends that aJl relevant Cascadia Subduction Zone Seismic Survey participants be made 
aware of and implement the avoidance and mitigation measures futed above and in the attached 
document. Fut1hennore, DFO recommends that the NSF contact othei- Canadian federal 
authorities for advice on aspects of the survey that fall outside ofDFO's expertise and mandate. 
It remains your responsibility to meet all other federal requirements that apply to yom· proposal. 

Ple.ase note that the advice provided in this letter will remain valid for the period of the proposed 
activities. If you plan to execute your proposal after July 31, 2021, we recommend that you 
contact the Program to ensure that the advice remains up-to-date and accurate. Furlhem10re, the 
validity of the advice is also subject to thei-e being no change in the relevant aquatic environment, 
including any legal protection orders or designations, dwing the period of activity. 

If you have any questions with the content of this letter, please contact Steven Colwell at our 
Nanailllo offic.e at 250 327-4763 or by email at Steven.Coh•,;ell@dfo-mpo.ge_ca. Please refer to 
the file number referenc-ed above when corresponding v.rith the Program. 

Yours sinoerely, 

B,end.~ 
Watershed Operations Regulatory Manager 
Fish and Fish Habitat Protection Program 

Cc: Holly Smith, NSF, Alexandria, VA USA (hesmith@nsf gov) 

Attachment: Statement of Ca11adian Practice with Respect to the Mmgation of Seismic Sound in 
the Man·ne Enliiromnent 
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