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1  INTRODUCTION 
The Naval Undersea Warfare Center (NUWC) Division Newport Marine Species Modeling Team (MSMT) 
was contracted by the Naval Air Systems Command (NAVAIR) Ranges Sustainability Office (NAVAIR 
52F00ME) to conduct a series of quantitative acoustic effects analyses to determine the level of 
behavioral disturbances and physiological effects for individual marine mammals and sea turtles 
resulting from a series of surface detonations taking place at the Point Mugu Sea Range (PMSR). 
Detonations occurring at or near the surface are the result of testing and training activities occurring at 
PMSR and involve the deployment of various ordnance within the range. Each deployment of ordnance 
will be evaluated individually, taking into account the Net Explosive Weight (NEW), number of ordnance 
expended, and geographic location within the range.  
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2  MODELING APPROACH 
All of the acoustic effects modeling will be conducted using the Navy Acoustic Effects Model (NAEMO).  
NAEMO is the standard Navy model used to collate, analyze, and report potential effects of training and 
testing activities on marine mammals and sea turtles. Inputs to NAEMO include the definitions of one or 
more scenarios, which describe the details of each activity. Each scenario describes the number and 
type of platforms and sound or explosive sources being used, platform speed and depth, and duration of 
each scenario. Locations and number of times each scenario will occur annually are also recorded. 

Source characteristics are combined with environmental data (bathymetry, sound speed, bottom 
characterization, and wind speed) and analyzed using the Comprehensive Acoustic System 
Simulation/Gaussian Ray Bundle (CASS/GRAB) or the Navy’s Standard Parabolic Equation sound 
propagation codes to determine the three-dimensional sound field for each source. Marine species 
density information is then processed to develop a series of species distribution files for each species 
present in the study area. Each distribution file varies the abundance and placement of the animats, or 
representative animals, based on uncertainty defined in the density data and published group size data 
(Department of the Navy 2017). Scenario details, three-dimensional sound field data, and marine 
species distributions are then combined in NAEMO to build virtual three-dimensional representations of 
each scenario and environment. This information is then processed by NAEMO to determine the 
number of marine species exposed in each scenario. The NAEMO simulation process is run multiple 
times for each season to provide an average of potential effects on marine species. Each iteration 
includes variations in marine species distributions along with the initial position and direction of each 
platform or deployment location of ordnance. Navy marine species acoustic effects criteria and 
thresholds are then applied in the NAEMO Post-Processor to quantify the number of marine mammals 
and sea turtle effects. Results from each iteration are averaged to provide the number of marine species 
effects for a given period. A complete description of the NAEMO model and modeling approach used for 
this analysis can be found in the Navy’s Phase III Quantitative Analysis Technical Report (Department of 
the Navy 2018).   
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3  DATA INPUTS 
Individual scenarios for each source were developed. These scenarios include the counts and clusters of 
ordnance deployed during each testing or training activity. Counts refer to the numbers of ordnance 
deployed relatively far apart in time, typically more than a few minutes. Clusters refer to ordnance 
deployed within a short duration, typically within a few minutes. For modeling purposes, counts are 
modeled as independent sources spaced out in time while clusters are modeled as a group of sources 
detonating at the same time. Scenarios can have both counts and clusters defined to simulate multiple 
groups of ordnance being deployed (i.e., multiple gun bursts). Scenarios also define the depth of each 
source being modeled. The sources modeled have been determined by NAVAIR PMSR personnel to 
detonate at or near (<10 meters) the surface. For modeling purposes, all ordnance analyzed are 
assumed to detonate at 0.1 meters below the surface.  
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4  SOURCE CHARACTERISTICS 
The ordnance analyzed includes a variety of air-to-surface or surface-to-surface missiles, rockets, 
bombs, and gunfire expended on range. For modeling purposes each ordnance was assigned to a 
specific impulsive bin and corresponding net explosive weight based on the Navy’s Phase III 
comprehensive environmental compliance and sustainment process. Parameters used for the NAEMO 
analysis are shown in Table 4-1. 

 

Table 4-1. System Source Characteristics 
 

Impulsive 
Bin 

Net Explosive 
Weight 

E1 0.1-0.25 lbs. 

E3 0.5-2.5 lbs. 

E5 5-10 lbs. 

E6 10-20 lbs. 

E7 20-60 lbs. 

E8 60-100 lbs. 

E9 100-250 lbs. 

E10 250-500 lbs. 
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5  AREAS OF OPERATION 
Each scenario was modeled in each location (Figure 5-1) and identified in Table 5-1. The alternative 
numbers (No Action Alternative (NAA), Alternative 1 (ALT1), and Alternative 2 (ALT2) in Table 5-1 define 
the number of ordnances used over a one year timeframe. The event multipliers were created by 
dividing the alternative numbers by the amount of ordnances used during a single event. The ordnance 
amount of a single event was calculated by multiplying the count and cluster numbers defined for each 
source. The event multipliers were applied to the results from each modeled event to obtain a set of 
annual results for each location. Results from each location were then summed to produce the total 
annual effects for each set of event multipliers. 

Table 5-1. Source Counts and Modeling Locations for Modeled Sources Only 
 

Modeled Bin Number in a 
Cluster 

Counts per 
day Modeled Areas 

Bombs 

E7 8 1 W289S, W532 N/E/S  

E9 2 1 W289S   

Guns 

E1 60 16.67 W289S  

E1 50 20 W289S, W532 N/E/S  

E1 50 40 W289S  

E3 60 8.33 W289S, W532 N/E/S 

E3 40 12.5 W289S, W532 N/E/S 

E5 20 6 W289S  

Missiles 

E3 1 2 W289S  

E6 1 2 W289S  

E6 5 2 W289S, W532 N/E/S  

E6 8 2 W289S  
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Table 5-1. Source Counts and Modeling Locations for Modeled Sources Only (Cont’d) 
 
 

Modeled Bin Number in a 
Cluster 

Counts per 
day Modeled Areas 

Missiles 

E7 2 1 W289S, W532 N/E/S  

E8 4 2 W289S  

E8 4 2.5 PMSR 

E8 1 2 W289S, W532 N/E/S  

E8 8 1 W289S  

E8 1 2 W289S  

E9 4 1 W289S  

E9 1 2 W289S, SNI  

E9 1 2 W289S, W532 N/E/S  

E9 1 1 W289S  

E10 2 1 W289S  

Rockets 

E5 1 5 W289S, W532 N/E/S  
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Figure 5-1. Point Mugu Sea Range Study Area 
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6  ENVIRONMENTAL DATA 
The Ocean and Atmospheric Master Library (OAML) (Table 6-1) and the Hybrid Coordinate Ocean 
Model (HYCOM) databases were utilized for the NAEMO analyses. OAML is maintained by the Naval 
Oceanographic Operations Command and provides a baseline set of Navy standard core models, 
databases, and algorithms. OAML databases include bathymetric data, bottom sediment properties, and 
wind speed data required for conducting underwater sound propagation analyses. HYCOM is a multi-
depth ocean model developed by the National Oceanic and Atmospheric Administration and was used 
for salinity and temperature data.   

Data for four environmental characteristics (bathymetry, sound speed profile, sediment type, and wind 
speed) were obtained or derived for January (winter) and July (summer). Bathymetry data were 
obtained from the Digital Bathymetric Database Variable-Resolution. Salinity and temperature data from 
the HYCOM database were used to derive sound speed profiles. The wind speed was extracted from the 
Surface Marine Gridded Climatology database. 

The databases used for each environmental parameter is shown in Table 6-1. More detail of the 
environmental data used in the NAEMO model can be found in the Navy’s Phase III Quantitative Analysis 
Technical Report (Department of the Navy 2018).  
 

Table 6-1. Oceanographic and Atmospheric Master Library Environmental Databases 
 

Parameter Database 

Bathymetry Digital Bathymetric Database Variable-Resolution Version 6.2 (Level 0) 

Sound Speed Profile Hybrid Acoustic Coordinate Ocean Model (HYCOM) Version 2.2 

Wind Speed Surface Marine Gridded Climatology Version 2.0 

Geo-Acoustic Parameters 

Re-Packed Bottom Sediment Type Version 2.0 (includes High-Frequency 
Environmental Acoustics Version 1.0) 

Low-Frequency Bottom Loss Version 11.1* 

High-Frequency Bottom Loss Version 2.2* 

*Low-frequency and high-frequency bottom loss databases are used to capture the variability of bottom 
sediment to absorb or reflect energy from high-frequency and low-frequency sound sources. 
 

Sound propagation is calculated at representative points throughout each modeling area using 
CASS/GRAB. When a simulation is run, each source in the scenario is randomly placed within the 
modeling area and within 0.5 nmi of each other. It is assumed that sound propagation at each modeled 
source location follows the same propagation as the closest propagation analysis point. 
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7  MARINE SPECIES DENSITY AND DISTRIBUTION DATA 
Animats were distributed in NAEMO across the entire study area based on density data obtained from 
the Navy Marine Species Density Database (NMSDD) (Department of the Navy 2017). 

The finest temporal resolution for the NMSDD data for the Hawaii-Southern California Training and 
Testing (HSTT) Study Area is seasonal. The four seasons are defined as: 

• Winter: December–February 
• Spring: March–May 
• Summer: June–August 
• Fall: September–November 

However, density data are rarely available at this temporal resolution. For each area and season, the 
Navy’s goal is to identify the best available density estimate; different data sources may be utilized to 
attain this goal. To select marine species density estimates, the Navy established a data hierarchy based 
on available data (Department of the Navy 2017). Seasonal density estimates for the PMSR Study Area 
are described in detail for each species below. There was only one species, the harbor porpoise, where 
there was no density within the PMSR Study Area (Department of the Navy 2017), so a new density layer 
was developed. See Section 7.2.6. 

For most marine megafauna, abundance is estimated using line-transect surveys or mark-recapture 
studies (Barlow 2010; Barlow and Forney 2007; Calambokidis et al. 2008). These methods usually 
produce a single value for density that is an averaged estimate across very large geographical areas, 
such as waters within the U.S. Exclusive Economic Zone (EEZ) off California, Oregon, and Washington 
(referred to herein as a “uniform” density estimate). In some cases, the survey area is broken up into 
several strata and density estimates are derived for each stratum (a “stratified” density estimate). More 
recently, a newer method called spatial habitat modeling has been used to estimate cetacean densities 
that address some of these shortcomings (Barlow et al. 2009; Becker et al. 2012a; Becker et al. 2010; 
Becker et al. 2016; Becker et al. 2014; Becker et al. 2017; Boyd et al. 2017; Ferguson et al. 2006; Forney 
et al. 2015; Forney et al. 2012; Redfern et al. 2006). Note that spatial habitat models are also referred to 
as “species distribution models” or “habitat-based density models.” These models vary with, and are 
predicted at the scale of, the underlying environmental covariates.  

Density information is provided in Table 7-1 for individual marine mammal species grouped under 
mysticetes, odontocetes, and pinnipeds that are expected in the PMSR. Although several sea turtle 
species have the potential to occur in PMSR, density information is provided below for only the 
leatherback sea turtle (Dermochelys coriacea). Loggerhead and green turtles are found in California 
waters, but generally further south than PMSR.  

Species considered in the analysis are listed in Table 7-1. 
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Table 7-1. Marine Species That May Occur Near the PMSR 

Common Name Scientific Name Stock or DPS 
Mysticetes 
Blue whale Balaenoptera musculus Eastern North Pacific Stock 
Bryde’s whale Balaenoptera edeni Eastern Tropical Pacific Stock 

Fin whale Balaenoptera physalus California/Oregon/Washington 
Stock 

Gray whale Eschrichtius robustus 

Eastern North Pacific and Segment 
Distinct Population Segment 
Western North Pacific Distinct 
Population Segment 

Humpback whale  Megaptera novaeangliae 

Central America Distinct Population 
Segment 
Mexico Distinct Population 
Segment 

Minke whale Balaenoptera acutorostrata California/Oregon/Washington 
Stock 

Sei whale Balaenoptera borealis Eastern North Pacific Stock 
Odontocetes 

Baird’s beaked whale Berardius bairdii California/Oregon/Washington 
Stock 

Bottlenose dolphin  Tursiops truncatus 
California Coastal Stock 
California/Oregon/Washington 
Offshore Stock 

Cuvier’s beaked whale1 Ziphius cavirostris California/Oregon/Washington 
Stock 

Dall’s porpoise Phocoenoides dalli California/Oregon/Washington 
Stock 

Dwarf sperm whale Kogia sima California/Oregon/Washington 
Stock 

Harbor porpoise Phocoena Morro Bay Stock 

Killer whale  Orcinus orca 
East Pacific Offshore Stock 
West Coast Transient Stock 

Long-beaked common dolphin Delphinus capensis California Stock 

Mesoplodont beaked whales1,2 Mesoplodon spp. California/Oregon/Washington 
Stock 

Northern right whale dolphin Lissodelphis borealis California/Oregon/Washington 
Stock 

Pacific white-sided dolphin Lagenorhynchus obliquidens California/Oregon/Washington 
Stock 

Pygmy killer whale Feresa attenuata Hawaii Stock 

Pygmy sperm whale Kogia breviceps California/Oregon/Washington 
Stock 

Risso’s dolphin Grampus griseus California/Oregon/Washington 
Stock 

1Study area density estimates are represented by a small beaked whale guild (includes Cuvier’s and beaked whales of the genus 
Mesoplodon). 
2 The six Mesoplodont beaked whale species off California are M. densirostris, M. carlhubbsi, M. ginkgodens, M. perrini, M. peruvianus, and 
M. stejnegeri. 
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Table 7-1. Marine Species That May Occur Near the PMSR (Cont’d) 
 

Common Name Scientific Name Stock or DPS 

Odontocetes 

Short-beaked common dolphin Delphinus delphis California/Oregon/Washington 
Stock 

Short-finned pilot whale Globicephala macrorhynchus California/Oregon/Washington 
Stock 

Sperm whale Physeter macrocephalus California/Oregon/Washington 
Stock 

Striped dolphin Stenella coeruleoalba California/Oregon/Washington 
Stock 

Pinnipeds 
California sea lion Zalophus californianus U.S. Stock 
Guadalupe fur seal2 Arctocephalus townsendi Mexico Stock 
Harbor seal Phoca vitulina California Stock 
Northern elephant seal Mirounga angustirostris California Breeding Stock 
Northern fur seal Callorhinus ursinus California Stock 
Sea Turtles 
Leatherback sea turtle Dermochelys coriacea Western Pacific 
1 Study area density estimates are represented by a small beaked whale guild (includes Cuvier’s and beaked whales of the genus 
Mesoplodon). 
2 The six Mesoplodont beaked whale species off California are M. densirostris, M. carlhubbsi, M. ginkgodens, M. perrini, M. peruvianus, and 
M. stejnegeri. 
 

 
7.1 Mysticetes 
 
7.1.1 Blue Whales, Balaenoptera musculus 

There are four subspecies of blue whale, but only one is found in the North Pacific. The National Marine 
Fisheries Service (NMFS) recognizes two stocks of this subspecies: an Eastern North Pacific (ENP) stock 
and a Central North Pacific stock (Carretta et al. 2019) . The Central North Pacific stock is not expected 
to overlap in the PMSR. The ENP stock includes animals found in the eastern North Pacific from the 
northern Gulf of Alaska to the eastern tropical Pacific (Carretta et al. 2019). The U.S. West Coast is one 
of the most important feeding areas for this species in summer and fall, but, increasingly, blue whales 
from the ENP stock have been found feeding to the North and South of this area during this time 
(Carretta et al. 2019). Nine ‘biologically important areas’ (BIAs) for blue whale feeding are identified off 
the California coast by Calambokidis et al. (2015). Most of the ENP stock is believed to migrate south to 
spend the winter and spring in high productivity areas off Baja California, in the Gulf of California, and on 
the Costa Rica Dome. Density values for the PMSR are presented for the species as a whole, not 
separated by stock or geographic separation as subspecies identification is impractical during most 
surveys. Species are assigned to stocks after NAEMO modeling. However, it is assumed that all 
individuals in PMSR are from the ENP stock.  

While blue whale distribution would be expected to shift relative to their prey, a habitat-based density 
model was applied to the PMSR for summer/fall (Figure 7-1) in the absence of better information 
(Becker et al. in prep). However, blue whales are likely farther offshore or not present during the 
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winter/spring season in PMSR when compared to the summer/fall (Becker et al. 2018; Campbell et al. 
2015; Lewis and Širović 2018; Redfern et al. 2013). Campbell et al.’s (2015) uniform density estimate 
covered only to Morro Bay, CA; however, since this was the best available estimate for the PMSR Study 
Area for the winter/spring, the Campbell et al.’s (2015) density estimate was extrapolated to cover the 
entire PMSR Study Area for those seasons (Figure 7-2). Although these density estimates may not be 
accurate based on interannual variability, fluctuations in population size, or may not exactly reflect 
spatial distributions, they represent the best available science due to the paucity of other data. The Navy 
considers these density estimates to be the most conservative. 



Quantifying Acoustic Impacts for Point Mugu Sea Range Technical Report  12 February 2020 
 

7-5 Version 1 

 
Figure 7-1. Blue Whale Summer/Fall Density in the PMSR 
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Figure 7-2. Blue Whale Spring/Winter Density in the PMSR 
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7.1.2 Bryde’s Whale, Balaenoptera edeni 
 
Bryde’s whale sightings and acoustic detections off Southern California have increased over the last 10 
years (Debich et al. 2015; Jefferson et al. 2014; Kerosky et al. 2012; Rice et al. 2018; Smultea et al. 2012), 
indicating a potential northern shift in distribution (Kerosky et al. 2012). Bryde’s whales have been 
sighted and acoustically detected in Southern California waters in all seasons, although they are most 
common in summer and fall (Barlow 2016; Barlow and Forney 2007; Debich et al. 2015; Kerosky et al. 
2012; Smultea et al. 2012). The  recognizes two stocks of Bryde’s whales in the U.S. Pacific, the Eastern 
Tropical Pacific stock (the only stock found in PMSR) and the Hawaii stock (Carretta et al. 2019). Density 
values for the PMSR are presented for the species as a whole, not separated by stock or geographic 
separation as subspecies identification is impractical during most surveys. Species are assigned to stocks 
after NAEMO modeling. However, it is assumed that all individuals in PMSR are from the Eastern 
Tropical Pacific stock.  

Bryde's whale occurrence is likely driven by prey availability within the California Current ecosystem, 
which is affected by seasonal and inter-annual changes in climate and oceanographic conditions 
(Kerosky et al. 2012). Bryde’s whales were observed in the Southern California Bight from summer to 
early winter, indicating seasonal poleward range expansion. However, very little is known about their 
presence in the PMSR. While applying the uniform annual density may overestimate Bryde’s whale 
occurrence in the entire PMSR (Figure 7-3), this value is considered the best available science due to a 
paucity of any other data. The Navy considers this uniform annual density to be the most conservative.  
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Figure 7-3. Bryde’s Whale Annual Density in the PMSR 
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7.1.3 Fin Whale, Balaenoptera physalus 

The NMFS recognizes three stocks of fin whales in U.S. Pacific waters: the Northeast Pacific stock, the 
California/Oregon/Washington (CA/OR/WA) stock, and the Hawaii stock (Carretta et al. 2019). The range 
of the Alaska stock does not overlap with the HSTT Study Area or PMSR. (Archer et al. 2013) presented 
evidence for geographic separation of fin whale stocks based on mitochondrial DNA clades near Point 
Conception, California (an area within the PMSR). However, density values for the PMSR are presented 
for the species as a whole, not separated by stock or geographic separation as subspecies identification 
is impractical during most surveys. Species are assigned to stocks after NAEMO modeling. However, it is 
assumed that all individuals in the PMSR are from the CA/OR/WA stock  

NMSDD included a habitat-based density model for fin whales across the entire PMSR during the 
summer/fall season (Figure 7-4), but only included uniform density for a portion of the PMSR during the 
winter and spring seasons based on (Campbell et al. 2015). Therefore, in the absence of other density 
estimates applicable to the entire PMSR in winter and spring, the (Campbell et al. 2015) density for 
winter/spring (Figure 7-5) were extrapolated to cover the entire PMSR Study Area for these seasons. Fin 
whale habitat generally occurs in waters further offshore, characterized by cold surface temperatures, 
intermediate mixed-layer depths, and intermediate concentrations of surface chlorophyll (Redfern et al. 
2013) which varies seasonally and interannually. However, fin whales are likely farther offshore during 
the winter/spring season (Redfern et al. 2013). Although these density estimates, particularly those for 
the winter/spring, may not be accurate based on interannual variability, fluctuations in population size, 
or may not exactly reflect spatial distributions; they represent the best available science due to the 
paucity of other data. The Navy considers these density estimates to be the most conservative.  
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Figure 7-4. Fin Whale Summer/Fall Density in the PMSR 
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Figure 7-5. Fin Whale Winter/Spring Density in the PMSR 
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7.1.4 Gray Whale, Eschrichtius robustus 

The NMFS recognizes two stocks of Gray whales in the North Pacific: the larger ENP stock and the highly 
endangered Western North Pacific stock (Carretta et al. 2019). Until recently, these two stocks were 
considered exclusive from each other, but recent satellite tagging and photo mark-recapture data have 
suggested that there is some exchange of individuals (Mate et al. 2011; Mate et al. 2015). While it is 
possible that sightings of western population animals might be included in the data used to estimate 
Gray whale density in the ENP, given the current paucity of data regarding the western population, as 
well as the very low population numbers, separate density estimates for the western population were 
not available and all animals are assumed to belong to the ENP stock of Gray whales (Department of the 
Navy 2017). Shelden and Laake (2002) estimated that, along the coast, 95.24 percent of Gray whales 
were within 2.24 nmi of the coast during migration and 4.76 percent were between 2.25 and 20 nmi 
from the coast. In order to generate spatially accurate density estimates, the Navy identified regions for 
Gray whales consistent with the literature where density values could be assigned. An inshore region 
was designated that extended across the Southern California Bight (i.e., from Point Conception to just 
south of the United States-Mexico border (Dailey et al. 1993) to approximately 5 nmi west of the 
Channel Islands. An offshore region was designated that extended an additional 20 nmi to the west (i.e., 
25 nmi west of the Channel Islands).  

Seasonal Gray whale densities and geographic boundaries for the PMSR are provided in Figures 7-6 
through 7-12. These densities and geographic boundaries are based on the migratory corridor Gray 
whales use during their southbound and northbound migration and are appropriate for the entire U.S. 
West Coast. Therefore, the densities available in NMSDD are applicable to the entire PMSR. 
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Figure 7-6. Gray Whale June to November Density in the PMSR 
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Figure 7-7. Gray Whale December Density in the PMSR 
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Figure 7-8. Gray Whale January Density in the PMSR 
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Figure 7-9. Gray Whale February Density in the PMSR 
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Figure 7-10. Gray Whale March Density in the PMSR 
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Figure 7-11. Gray Whale April Density in the PMSR 
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Figure 7-12. Gray Whale May Density in the PMSR 
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7.1.5 Humpback Whale, Megaptera novaeangliae 

In the Pacific, the NMFS previously divided humpback whales into four stocks. On 11 October 2016, the 
NMFS’s Final Rule was published (81 Federal Register [FR] 62259) to divide the species into 14 Distinct 
Population Segments (DPSs) worldwide, four of which occur in the North Pacific: (1) Western North 
Pacific, (2) Hawaii, (3) Mexico, and (4) Central America. The NMFS is evaluating the stock structure of 
humpback whales under the Marine Mammal Protection Act, but no changes to current stock structure 
are presented at this time. Along the U.S. West Coast, one stock, the CA/OR/WA stock, is currently 
recognized which includes two separate feeding groups. Only the California and Oregon feeding group 
of whales that belong to the Central American and Mexican DPSs defined under the Endangered Species 
Act (ESA) (81 FR 62259) is expected to overlap with the PMSR. The CA/OR/WA stock of humpback 
whales is present in the PMSR as they migrate northward from their winter breeding grounds in Mexico 
and Central America and then again when migrating southward in their return from feeding areas along 
the U.S West Coast, British Columbia, and Alaska (Carretta et al. 2018; Carretta et al. 2019). 

The NMSDD included a habitat-based density model for humpback whales across the entire PMSR 
during the summer/fall season (Figure 7-13), and winter/spring (Figure 7-14). Humpback whale habitat 
occurs in productive coastal waters characterized by cold temperatures, low salinities, and high 
chlorophyll concentrations (Redfern et al. 2013) which varies seasonally and interannually. Humpback 
whale distribution may shift year to year and between seasons (Becker et al. 2017; Redfern et al. 2013). 
While applying the habitat-based density model may not be accurate based on interannual variability, 
fluctuations in population size, or may not exactly reflect spatial distributions, they represent the best 
available science due to the paucity of other data. The Navy considers these density estimates to be the 
most conservative.  
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Figure 7-13. Humpback Whale Summer/Fall Density in the PMSR 
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Figure 7-14. Humpback Whale Winter/Spring Density in the PMSR 
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7.1.6 Minke Whale, Balaenoptera acutorostrata 

The NMFS has designated three stocks of minke whale in the North Pacific: (1) the Hawaii stock, (2) the 
CA/OR/WA stock, and (3) the Alaska stock (Carretta et al. 2019). Minke whales occur year-round in 
California (Barlow 1997; Dohl et al. 1983; Forney et al. 1995) and in the Gulf of California (Tershy et al. 
1990). Minke whales are present at least in summer/fall along the Pacific coast of Baja California (Wade 
and Gerrodette 1993). Because the "resident" minke whales from California to Washington appear 
behaviorally distinct from migratory whales further north, minke whales in coastal waters of California, 
Oregon, and Washington (including Puget Sound) are considered as a separate stock. However, density 
values for the PMSR are presented for the species as a whole, not separated by stock or geographic 
separation as subspecies identification is impractical during most surveys. Species are assigned to stocks 
after NAEMO modeling. However, it is assumed that all individuals in PMSR are from the CA/OR/WA 
stock.  

The NMSDD included uniform density for minke whales for all seasons (Figure 7-15); however, based on 
what is known about minke whale distribution their occurrence likely varies seasonally in the PMSR. 
Although these density estimates may not be accurate based on interannual variability, fluctuations in 
population size, or may not exactly reflect spatial distributions, they represent the best available science 
due to the paucity of other data. The Navy considers these density estimates to be the most 
conservative. 
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Figure 7-15. Minke Whale Annual Density in the PMSR 
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7.1.7 Sei Whale, Balaenoptera borealis 

The NMFS recognizes two stocks of Sei whales in the U.S. Pacific, the ENP stock and the Hawaii stock 
(Carretta et al. 2019). Only the ENP stock is expected in the PMSR. However, density values for the 
PMSR are presented for the species as a whole, not separated by stock or geographic separation as 
subspecies identification is impractical during most surveys. Species are assigned to stocks after NAEMO 
modeling.  

NMSDD included an annual Sei whale density (Figure 7-16), though Sei whale occurrence is likely driven 
by seasonal and inter-annual changes in climate and oceanographic conditions. Although Sei whales 
prefer deep waters, tend to stay farther offshore, and are considered rare in Southern California, they 
have been observed in the Southern California Bight in summer/fall as they typically travel to lower 
latitudes in the winter. Very little is known about their presence in the PMSR. Although these density 
estimates may not be accurate based on interannual variability, fluctuations in population size, or may 
not exactly reflect spatial distributions, they represent the best available science due to the paucity of 
other data. The Navy considers this uniform annual density to be the most conservative.  
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Figure 7-16. Sei Whale Annual Density in the PMSR 
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7.2 Odontocetes 
 
7.2.1 Beaked Whale Species 

The Beaked whale is problematic in terms of establishing values for the marine species density database 
because of their relative scarcity and the difficulty of distinguishing species at sea. Researchers have 
addressed these problems primarily by pooling the data into groups by either family or size. These 
difficulties result in having few sightings for a number of species and questionable identification in many 
cases for the whales that are seen. Researchers have addressed these problems primarily by pooling the 
data into groups either by family or at least size. Although this dilutes the actual knowledge for a 
particular species, it allows for a more robust sense of the presence of Beaked whales in general. This is 
a better solution than not having density data for some species until sufficient data exist because the 
Navy needs to be able to quantify its interactions with all species of concern in its operation areas.  

There are a myriad of Beaked whales known or suspected to be present off the U.S. West Coast. Data 
are sufficient for estimating densities only for Baird’s Beaked whale. A guild of small Beaked whales has 
been created by the NMFS to represent seven species of beaked whale that are seen or successfully 
identified very rarely in the California Current Ecosystem (CCE). This guild is used to represent density 
for the PMSR Study Area. 
 
7.2.1.1 Baird’s Beaked Whale, Berardius bairdii 

Two stocks of Baird’s Beaked whale are recognized by the NMFS, an Alaska stock, which covers a large 
part of the North Pacific, and a CA/OR/OR stock that is found primarily in the CCE (Carretta et al. 2019). 
The latter stock is the only one expected to occur within the PMSR. However, very little is known about 
their presence in the PMSR. Baird’s Beaked whales may prefer continental shelf and sea mount habitat 
(Jefferson et al. 2015). However, density values for the PMSR are presented for the species as a whole, 
not separated by stock or geographic separation as subspecies identification is impractical during most 
surveys. Species are assigned to stocks after NAEMO modeling. However, it is assumed that all 
individuals in PMSR are from the CA/OR/WA stock.  

NMSDD included a habitat-based annual density for Baird’s Beaked whale (Department of the Navy 
2017) across the PMSR for all seasons (Figure 7-17). Although these density estimates may not be 
accurate based on interannual variability, fluctuations in population size, or may not exactly reflect 
spatial distributions, they represent the best available science due to the paucity of other data. The Navy 
considers this annual density to be the most conservative.   
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Figure 7-17. Baird’s Beaked Whale Annual Density in the PMSR 
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7.2.1.2 Small Beaked Whale Guild 

There are numerous Beaked whale species known or suspected to be present off the U.S. West Coast, 
but they are often rarely seen and difficult to identify. To increase sample sizes for modeling, the NMFS 
developed habitat-based density models for a Small Beaked whale guild in the CCE (Becker et al. 2012b; 
Forney et al. 2012). The Small Beaked whale guild includes Cuvier’s Beaked whale and Beaked whales of 
the genus Mesoplodon, as well as unidentified Small Beaked whales. It is assumed that this model is 
representative of the group of seven Beaked whales known to occur in the CCE: Hubbs’ Beaked whale 
(Mesoplodon carlhubbsi), Blainville’s Beaked whale (Mesoplodon densirostris), Ginkgo-Toothed Beaked 
whale (Mesoplodon ginkgodens), Perrin’s Beaked whale (Mesoplodon perrini), Pygmy Beaked whale 
(Mesoplodon peruvianus), Stejneger's Beaked whale (Mesoplodon stejnegeri), and Cuvier’s Beaked 
whale. This guild was used to represent the annual, habitat-based density model (Figure 7-18) for the 
PMSR Study Area (Department of the Navy 2017). This value is considered the best available science due 
to a paucity of any other data. The Navy considers this annual density to be the most conservative. 
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Figure 7-18. Small Beaked Whale Guild Annual Density in the PMSR 
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7.2.2 Bottlenose Dolphin (Coastal Stock), Tursiops truncatus 

The basic division in bottlenose dolphin populations is often between offshore and coastal forms (Baird 
et al. 1993; Wells and Scott 1999). The NMFS recognizes two stocks and one stock complex of 
bottlenose dolphins in Pacific U.S. waters: a Hawaiian Island Stock Complex, a CA/WA/OR Offshore 
stock, and a California Coastal stock (Carretta et al. 2019). The California coastal stock of bottlenose 
dolphins is distinct from the offshore stock, based on significant differences in genetics and cranial 
morphology (Lowther‐Thieleking et al. 2015; Perrin et al. 2011). California coastal bottlenose dolphins 
are found within about one kilometer of shore (Carretta et al. 1998; Defran et al. 1999; Hansen 1990) 
from central California South into Mexican waters, at least as far South as San Quintin, Mexico.  

For the PMSR, density values are separated out by the coastal and offshore (see section 9.2.4) stocks. 
The NMSDD included annual uniform density for coastal bottlenose dolphin (Becker et al. 2016)  and are 
separated into a southern (Figure 7-19) and northern portion (Figure 7-20) of the PMSR for visibility 
purposes. Although these density estimates may not be accurate based on interannual variability, 
fluctuations in population size, or may not exactly reflect spatial distributions, they represent the best 
available science due to the paucity of other data. The Navy considers this annual density to be the most 
conservative.   
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Figure 7-19. Coastal Bottlenose Dolphin Annual Density (Southern Portion) in the PMSR 
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Figure 7-20. Coastal Bottlenose Dolphin Annual Density (Northern Portion) in the PMSR 
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7.2.3 Bottlenose Dolphin (CA/OR/WA Offshore Stock), Tursiops truncatus 

The basic division in populations is often between offshore and coastal forms (Baird et al. 1993; Wells 
and Scott 1999). The NMFS recognizes two stocks and one stock complex of bottlenose dolphins in 
Pacific U.S. waters: a Hawaiian Island Stock Complex, a CA/OR/WA Offshore stock, and a California 
Coastal stock (Carretta et al. 2019). On surveys conducted off California, offshore bottlenose dolphins 
have been found at distances greater than a few kilometers from the mainland and throughout the 
Southern California Bight. They have also been documented in offshore waters as far North as about 
41oN, and they may range into Oregon and Washington waters during warm-water periods. Sighting 
records off California and Baja California (Lee 1993; Mangels and Gerrodette 1994) suggest that offshore 
bottlenose dolphins have a continuous distribution in these two regions. 

For the PMSR, density values are separated out by the coastal (see Section 7.2.3) and offshore stocks. 
The NMSDD included a habitat-based density model for CA/OR/WA offshore bottlenose dolphin (Becker 
et al. 2016) across the entire PMSR for all seasons (Figure 7-21). Although these density estimates may 
not be accurate based on interannual variability, fluctuations in population size, or may not exactly 
reflect spatial distributions, they represent the best available science due to the paucity of other data. 
The Navy considers this uniform density to be the most conservative.   
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Figure 7-21. CA/OR/WA Bottlenose Dolphin Annual Density in the PMSR 
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7.2.4 Dall’s Porpoise, Phocoenoides dalli 

The NMFS defines two stocks for Dall’s porpoise, an Alaska stock and a CA/OR/WA stock (Carretta et al. 
2019). The CA/OR/WA stock is the only stock that is expected in the PMSR. Off the U.S. West Coast, they 
are commonly seen in shelf, slope, and offshore waters (Morejohn 1979). The southern end of this 
population's range is not well documented, but they are commonly seen off Southern California in 
winter, and during cold water periods they probably range into Mexican waters off northern Baja 
California. 

The NMSDD included a habitat-based density model for Dall’s porpoise (Becker et al. 2016) across the 
entire PMSR during the summer/fall season (Figure 7-22) and the winter/spring (Figure 7-23). Dall’s 
porpoise presence in California is dynamic; their distribution shifts South into Southern California when 
the water temperatures are cool; therefore, their presence is not constant, but dependent on oceanic 
conditions (Becker et al. 2016; Becker et al. 2014; Forney 2000). While Dall’s porpoise distribution would 
be expected to shift interannually, the density model from the summer/fall was applied to the entire 
PMSR Study Area. Dall’s porpoise distribution in the winter and spring season may also vary (Becker et 
al. 2017; Fleming et al. 2018). While applying the habitat-based density model may not be accurate 
based on interannual variability, fluctuations in population size, or may not exactly reflect spatial 
distributions, they represent the best available science due to the paucity of other data. The Navy 
considers these density estimates to be the most conservative. 
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Figure 7-22. Dall’s Porpoise Summer/Fall Density in the PMSR 
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Figure 7-23. Dall’s Porpoise Winter/Spring Density in the PMSR 
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7.2.5 Dwarf Sperm Whale, Kogia sima 

In U.S. Pacific waters, Dwarf Sperm whales are divided into two stocks by the NMFS: the CA/OR/WA 
stock and the Hawaii stock (Carretta et al. 2019). The two stocks are considered to be discrete from each 
other and only the CA/OR/WA stocks of Dwarf Sperm whales would be expected in the PMSR. Few live 
sightings have occurred off the U.S. West Coast and not enough is known about their seasonal patterns. 
Therefore, density values for the PMSR Study Area from the summer and fall also provide the best 
estimate for the winter and spring seasons (Barlow and Forney 2007; Ferguson et al. 2003) and 
represent an annual density estimate (Figure 7-24). While applying the uniform annual density estimate 
for all seasons may overestimate Dwarf Sperm whale occurrence in the PMSR, these values are 
considered the best available science due to a paucity of any other data. The Navy considers these 
density estimates to be the most conservative. 
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Figure 7-24. Dwarf Sperm Whale Annual Density in the PMSR 
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7.2.6 Harbor Porpoise, Phocoena phocoena 

In the Pacific, harbor porpoise are found in coastal and inland waters from Point Conception, California 
to Alaska and across to Kamchatka and Japan (Gaskin 1984). In their assessment of harbor porpoise, 
Barlow and Hanan (1995) recommended that the animals inhabiting central California (defined to be 
from Point Conception to the Russian River) be treated as a separate stock. The NMFS has defined eight 
harbor porpoise stocks in California, Oregon, Washington, and Alaska. Only the Morro Bay stock, whose 
range extends from Point Conception to Big Sur, California, overlaps with the PMSR. The NMSDD did not 
include density estimates for harbor porpoise.  Forney et al. (2014) provided uniform density for harbor 
porpoise for the species as a whole in California (Figure 7-25). Although these density estimates may not 
be accurate for PMSR based on interannual variability, fluctuations in population size, or may not exactly 
reflect spatial distributions, they represent the best available science due to the paucity of other data. 
The Navy considers these density estimates to be the most conservative. 
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Figure 7-25. Harbor Porpoise Annual Density in the PMSR 
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7.2.7 Killer Whale, Orcinus orca 

A single species of killer whale is currently recognized, but strong and increasing evidence indicates the 
possibility of several different species of killer whales worldwide, many of which are currently called 
“ecotypes” (Ford 2009; Morin et al. 2010). The different geographic forms of killer whale are 
distinguished by distinct social and foraging behaviors and other ecological traits. In the North Pacific, 
these recognizable geographic forms are variously known as “residents,” “transients,” and “offshores” 
(Baird 2000; Barrett-Lennard et al. 1996). Eight killer whale stocks are recognized within the Pacific U.S. 
EEZ, including the West Coast Transient stock (Alaska through California); the Offshore stock (Southeast 
Alaska through California); and the Southern Resident stock (mainly within the inland waters of 
Washington State and Southern British Columbia, but also in coastal waters from British Columbia 
through California) (Carretta et al. 2019; Muto 2019). Only two stocks observed in California are 
expected in the PMSR, the offshore and West Coast Transient stocks.  

Annual uniform density values for killer whales are available in the PMSR Study Area  for all seasons 
(Figure 7-26) from the Southwest Fisheries and Science Center (SWFSC) reports, memoranda, and 
scientific literature (Department of the Navy 2017). Although these density estimates may not be 
accurate based on interannual variability, fluctuations in population size, or may not exactly reflect 
spatial distributions, they represent the best available science due to the paucity of other data. The Navy 
considers the annual density estimate to be the most conservative. However, density values for the 
PMSR are presented for the species as a whole, not separated by stock or geographic separation as 
subspecies identification is impractical during most surveys. Species are assigned to stocks after NAEMO 
modeling. However, it is assumed that all individuals in PMSR are from the offshore and West Coast 
Transient stocks.  
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Figure 7-26. Killer Whale Annual Density in the PMSR 
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7.2.8 Long-Beaked Common Dolphin, Delphinus delphis bairdii 

The long-beaked common dolphin is known to exhibit seasonal shifts in abundance (mainly 
North/South) throughout its range off California and Baja, Mexico (Carretta et al. 2019; Heyning and 
Perrin 1994). The NMFS recognizes a single stock (California stock) of long-beaked common dolphins 
(Carretta et al. 2019). All of the long-beaked common dolphins in the PMSR are presumed to be from 
this stock. However, recently the Society for Marine Mammalogy’s Committee on Taxonomy grouped all 
common dolphins into a single species, Delphinus delphis, but they are still recognized as a separate 
subspecies, Delphinus delphis bairdii.  

Becker et al. (in prep) developed a habitat-based density model for long-beaked common dolphin based 
on survey data collected off the U.S. West Coast, including the PMSR Study Area. The model provided 
spatially-explicit density estimates off the U.S. West Coast for summer and fall; however, these density 
estimates are considered appropriate for all seasons for the PMSR Study Area (Department of the Navy 
2017). As such, these same density estimates were applied to the PMSR and represent an annual density 
estimate (Figure 7-27). The Navy considers these values to be the best available science and 
conservative density estimates. 
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Figure 7-27. Long-Beaked Common Dolphin Annual Density in the PMSR 
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7.2.9 Northern Right Whale Dolphin, Lissodelphis borealis 

The northern right whale dolphin is a temperate species found across the Pacific (Lipsky and Brownell Jr. 
2009). Off the U.S. West Coast, they have been seen primarily in shelf and slope waters, with seasonal 
movements into the Southern California Bight (Dohl et al. 1983; Dohl et al. 1981; Leatherwood and 
Walker 1979). It appears more in Southern California in the cool months (Soldevilla et al. 2006) and is 
not seen frequently in Canadian waters (Baird and Stacey 1991). Only the CA/OR/WA stock of northern 
right whale dolphin is expected in the PMSR.  

The habitat-based density model from for the northern right whale dolphin (Becker et al. in prep) was 
applied to PMSR for all seasons and represents an annual density estimate (Figure 7-28). Although the 
annual density estimates may not be accurate based on interannual variability, fluctuations in 
population size, or may not exactly reflect spatial distributions, they represent the best available science 
due to the paucity of other data. The Navy considers these density estimates to be the most 
conservative. 
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Figure 7-28. Northern Right Whale Dolphin Annual Density in the PMSR 
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7.2.10 Pacific White-Sided Dolphin, Lagenorhynchus obliquidens 

Pacific white-sided dolphins are endemic to temperate waters of the North Pacific Ocean, and common 
both on the high seas and along the continental margins (Brownell Jr. et al. 1998). Off the U.S. West 
Coast, Pacific white-sided dolphins occur primarily in shelf and slope waters. Two stocks of Pacific white-
sided dolphin are recognized by the NMFS (Carretta et al. 2019). One is a complex of units (the 
CA/OR/WA, Northern and Southern stocks) that contains two forms of the species, which should be 
separate stocks. The area between 33°N and 36°N seems to be the overlap area of the two forms, which 
is near the Southern California Bight and Northern Baja California; this area overlaps directly with the 
HSTT Study Area and the PMSR. Until the difference between the two forms can be recognized in the 
field, the two stocks will be managed as a single unit. Therefore, density values for the PMSR are 
presented for the species as a whole, not separated by stock or geographic separation as subspecies 
identification is impractical during most surveys. Species are assigned to stocks after NAEMO modeling. 
However, it is assumed that all individuals in PMSR are from the CA/OR/WA stocks. 

The habitat-based density model from Becker et al. (in prep) was applied to the entire PMSR for 
summer/fall (Figure 7-29). Campbell et al. (2015) provide the most recent winter/spring (Figure 7-30) 
density estimate for Pacific white-sided dolphins in Southern California waters which was extrapolated 
to the entire PMSR Study Area. Although these density estimates may not be accurate based on 
interannual variability, fluctuations in population size, or may not exactly reflect spatial distributions, 
they represent the best available science due to the paucity of other data. The Navy considers these 
density estimates to be the most conservative.  
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Figure 7-29. Pacific White-Sided Dolphin Summer/Fall Density in the PMSR 
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Figure 7-30. Pacific White-Sided Dolphin Winter/Spring Density in the PMSR 
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7.2.11 Pygmy Killer Whale, Feresa attenuata 

This tropical species is not typically observed in California, but one group of 27 animals was seen off 
Southern California during a SWFSC survey in 2014, most likely due to the unusually warm 
oceanographic conditions during the survey (Barlow 2016). Records also show that the species has been 
observed in pelagic zones of the Eastern Tropical Pacific (Hamilton et al. 2009). The NMFS recognizes a 
single Hawaiian stock of pygmy killer whales (Carretta et al. 2019) and it is assumed the animals sighted 
were from this this stock. 

While pygmy killer whale distribution would be expected to shift based on what is known about their 
habitat preferences, the geographically and temporally stratified summer/fall density from Barlow 
(2015) was applied to the entire PMSR (Figure 7-31). This likely overestimates pygmy killer whale 
occurrence in the PMSR during the summer/fall as they are considered rare, but these values are 
considered the best available science due to a paucity of any other data. The only available density 
estimate for the winter/spring season are from the Kaschner et al. (2006) relative environmental 
suitability or RES model and shown for the winter/spring seasons (Figure 7-32). Although the density is 
zero, this species was still modeled in NAEMO. The Navy considers these density estimates to be the 
most conservative. 
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Figure 7-31. Pygmy Killer Whale Summer/Fall Density in the PMSR 
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Figure 7-32. Pygmy Killer Whale Winter/Spring Density in the PMSR 
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7.2.12 Pygmy Sperm Whale, Kogia breviceps 

In U.S. Pacific waters, pygmy sperm whales are divided into two stocks by the NMFS: the CA/OR/WA 
stock and the Hawaii stock (Carretta et al. 2019). The two stocks are considered to be discrete from each 
other and only the CA/OR/WA stocks of pygmy sperm whales would be expected in the PMSR. Few live 
sightings have occurred off the U.S. West Coast and not enough is known about their seasonal patterns. 
Therefore, density values for the PMSR Study Area from the summer and fall also provide the best 
estimate for the winter and spring seasons (Barlow and Forney 2007; Ferguson et al. 2003) and 
represent an annual density estimate (Figure 7-33). While applying the uniform annual density estimate 
for all seasons may overestimate pygmy sperm whale occurrence in the PMSR, these values are 
considered the best available science due to a paucity of any other data. The Navy considers these 
density estimates to be the most conservative. 
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Figure 7-33. Pygmy Sperm Whale Annual Density in the PMSR 
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7.2.13 Risso’s Dolphin, Grampus griseus 

Off the U.S. West Coast, Risso's dolphins are commonly seen on the shelf in the Southern California 
Bight and in slope and offshore waters of California, Oregon and Washington. Animals found off 
California during the colder water months are thought to shift northward into Oregon and Washington 
as water temperatures increase in late spring and summer (Green et al. 1992; Green et al. 1993). The 
southern end of this population's range is not well documented, but previous surveys have shown a 
conspicuous 500 nmi distributional gap between these animals and Risso's dolphins sighted South of 
Baja California and in the Gulf of California (Mangels and Gerrodette 1994). The NMFS defines two 
stocks of Risso’s dolphins in the Pacific, a Hawaiian stock, and a CA/OR/WA stock (Carretta et al. 2019). 
Only the CA/OR/WA stock of Risso’s dolphin is expected in the PMSR.  

The habitat-based density model from Becker et al. (in prep) for the Risso’s dolphin represents the best 
available density estimate for the PMSR Study Area for all seasons and represents the annual density 
estimate applied to the PMSR (Figure 7-34). Although these density estimates may not be accurate 
based on interannual variability, fluctuations in population size, or may not exactly reflect spatial 
distributions, they represent the best available science due to the paucity of other data. The Navy 
considers these density estimates to be the most conservative. 
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Figure 7-34. Risso’s Dolphin Annual Density in the PMSR 
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7.2.14 Short-Beaked Common Dolphin, Delphinus delphis 

Short-beaked common dolphins are the most abundant cetacean off California and are widely 
distributed between the coast and at least 300 nmi distance from shore. The abundance of this species 
off California has been shown to change on both seasonal and inter-annual time scales (Barlow 2016; 
Dohl et al. 1986; Forney and Barlow 1998). The distribution of short-beaked common dolphins is 
continuous southward into Mexican waters to about 13oN (Mangels and Gerrodette 1994; Perrin et al. 
1985; Wade and Gerrodette 1993). The NMFS recognizes a CA/OR/WA stock of short-beaked common 
dolphins in the U.S. EEZ (Carretta et al. 2019). In the PMSR, this stock is the one that is observed.  

The habitat-based density model from Becker et al. (in prep) was applied to the entire PMSR for 
summer/fall (Figure 7-35). Becker et al. (2017) provide the most recent winter/spring (Figure 7-36) 
density estimate for Pacific white-sided dolphins in Southern California waters, which was extrapolated 
to the entire PMSR Study Area. Although these density estimates may not be accurate based on 
interannual variability, fluctuations in population size, or may not exactly reflect spatial distributions, 
they represent the best available science due to the paucity of other data. The Navy considers these 
density estimates to be the most conservative. 
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Figure 7-35. Short-Beaked Common Dolphin Summer/Fall Density in the PMSR 
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Figure 7-36. Short-Beaked Common Dolphin Winter/Spring Density in the PMSR 
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7.2.15 Short-Finned Pilot Whale, Globicephala macrorhyncus 

Short-finned pilot whales were once common off Southern California, with an apparently resident 
population around Santa Catalina Island, as well as seasonal migrants (Dohl et al. 1981). After a strong El 
Niño event in 1982–83, short-finned pilot whales virtually disappeared from this region, and despite an 
increased survey effort along the entire U.S. West Coast, sightings and fishery takes are rare and have 
primarily occurred during warm-water years (Barlow 2016; Caretta et al. 2004; Julian and Beeson 1998). 
The NMFS defines two stocks of short-finned pilot whales in the Pacific, a Hawaiian stock, and a 
CA/OR/WA stock (Carretta et al. 2019). Animals in the PMSR are expected to be from the CA/OR/WA 
stock only.  

While short-finned pilot whale distribution would be expected to shift based on what is known about 
their habitat preferences, the geographically and temporally stratified summer/fall density from Barlow 
(2016) was used to represent an annual density estimate for the PMSR (Figure 7-37). Although these 
density estimates may not be accurate based on interannual variability, fluctuations in population size, 
or may not exactly reflect spatial distributions, they represent the best available science due to the 
paucity of other data. The Navy considers these density estimates to be the most conservative. 
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Figure 7-37. Short-Finned Pilot Whale Annual Density in the PMSR 
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7.2.16 Sperm Whale, Physeter macrocephalus 

Sperm whales are one of the most-widely distributed species of marine mammal (Whitehead 2009). 
Sperm whales are found year-round in California waters (Barlow 1995; Dohl et al. 1983; Forney et al. 
1995), but they reach peak abundance from April through mid-June and from the end of August through 
mid-November (Rice 1974). The NMFS has divided sperm whales in the North Pacific into three stocks: 
the CA/OR/WA stock, the Hawaii stock, and the North Pacific stock (Carretta et al. 2019). Animals in the 
PMSR are expected to be from the CA/OR/WA stock only.  

While sperm whale distribution would be expected to shift based on what is known about their habitat 
preferences, the habitat based summer/fall density  estimate from Becker et al. (in prep) was used to 
represent an annual density estimate for the PMSR (Figure 7-38). Although these density estimates may 
not be accurate based on interannual variability, fluctuations in population size, or may not exactly 
reflect spatial distributions, they represent the best available science due to the paucity of other data. 
The Navy considers these density estimates to be the most conservative. 
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Figure 7-38. Sperm Whale Annual Density in the PMSR 
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7.2.17 Striped Dolphin, Stenella coeruleoalba 

Striped dolphins are commonly encountered in warm offshore waters of California (Barlow 2016), are 
primarily pelagic, and are typically found past the continental shelf (Archer 2009). Based on sighting 
records off California and Mexico, striped dolphins appear to have a continuous distribution in offshore 
waters of these two regions (Mangels and Gerrodette 1994; Perrin et al. 1985). No information on 
possible seasonality in distribution is available, because the California surveys that extended 300 nmi 
offshore were conducted only during the summer/fall period. The NMFS recognizes two stocks in the 
North Pacific, a Hawaiian stock and a CA/OR/WA stock (Carretta et al. 2019). Animals in the PMSR are 
expected to be from the CA/OR/WA stock only.  

While striped dolphin distribution would be expected to shift based on what is known about their 
habitat preferences, the habitat based summer/fall density estimate from Becker et al. (in prep) was 
used to represent an annual density estimate for the PMSR (Figure 7-39). Although these density 
estimates may not be accurate based on interannual variability, fluctuations in population size, or may 
not exactly reflect spatial distributions, they represent the best available science due to the paucity of 
other data. The Navy considers these density estimates to be the most conservative. 
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Figure 7-39. Striped Dolphin Annual Density in the PMSR 
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7.3 Pinnipeds 
 
7.3.1 California Sea Lion, Zalophus californianus 

The California sea lion is an abundant pinniped found along the Pacific coast of North America from the 
Gulf of Alaska to Southern Mexico (Jefferson et al. 2015). The NMFS recognizes one stock of California 
sea lion, the U.S. stock (Carretta et al. 2019).  

Throughout the year, adult female California sea lions alternate between nursing their pup on shore and 
foraging at sea and generally move North from breeding and haul-out sites when foraging (Kuhn and 
Costa 2014; Melin and DeLong 2000). The pupping season begins in March and extends through the 
following May with most pups leaving the pupping sites by the next pupping season. Males are on shore 
during the summer breeding season (May through July) and then most move North of the Channel 
Islands to forage off central and northern California up to the Gulf of Alaska (Kuhn 2006; Kuhn and Costa 
2014; Lowry and Forney 2005; Maniscalco et al. 2004; Melin et al. 2008; Melin et al. 2012; National 
Oceanic and Atmospheric Administration 2016; Testa 2012).  

The two largest rookeries, composing approximately 67 to 69 percent of all California sea lions, are on 
San Nicolas Island, located South of the most southerly extent of the PMSR, and San Miguel Island, 
located within the extent of the PMSR (Lowry et al. 2017). Therefore, it is reasonable to conclude that 
the majority of the California sea lion population would overlap with the PMSR to forage. However, 
adult female sea lions tracked from rookeries on San Clemente Island, located outside of the PMSR, 
mostly remain in Southern California waters (Lowry and Forney 2005). Seasonal uniform density 
estimates for California sea lions across the PMSR during summer (Figure 7-40), fall (Figure 7-41), winter 
(Figure 7-42), and spring (Figure 7-43) are distributed by geographic distance from shore (0–40km, 40–
70km, and 70–450km). Although these density estimates may not be accurate based on interannual 
variability, fluctuations in population size, or may not exactly reflect spatial distributions, they represent 
the best available science due to the paucity of other data. The Navy considers these density estimates 
to be the most conservative. 
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Figure 7-40. California Sea Lion Summer Density in the PMSR 
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Figure 7-41. California Sea Lion Fall Density in the PMSR 
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Figure 7-42. California Sea Lion Winter Density in the PMSR 
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Figure 7-43. California Sea Lion Spring Density in the PMSR 
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7.3.2 Guadalupe Fur Seal, Arctocephalus townsendi 

Guadalupe fur seals were over-harvested in the 19th century to near extinction. After being protected, 
the population grew slowly, mature individuals of the species were observed occasionally in the 
California Bight starting in the 1960s (Stewart et al. 1993), and, in 1997, a female and pup were 
observed on San Miguel Island (Melin and Delong 1999). Since then, a small group has persisted in that 
area (Aurioles‐Gamboa et al. 2010). Other than their occurrence at San Miguel Island, Guadalupe fur 
seals were not observed at any of the other Channel Islands in the NMFS aerial surveys between 2011 
and 2015 (Lowry et al. 2017). Although the population has been growing, the species is listed as 
threatened under the ESA. The NMFS recognizes a single stock of Guadalupe fur seals, all derived from 
the remnant population that remained on Guadalupe Island off the coast of Central Baja, Mexico 
(Carretta et al. 2019; Carretta et al. 2017; Pablo‐Rodríguez et al. 2016). From June through July, adult 
males come to shore for the breeding season and then most move North to forage. From June through 
April, adult females with dependent pups make regular foraging trips from rookeries. Pups are weaned 
in spring (Gallo-Reynoso et al. 2008; Yochem et al. 1987). Along the U.S. West Coast, strandings occur 
almost annually in California waters and animals are increasingly observed in Oregon and Washington 
waters. Guadalupe fur seals can be expected to occur in both deeper waters of the open ocean and 
coastal waters within the PMSR Study Area (Hanni et al. 1997; Jefferson et al. 2015; Norris 2017, 2019). 

For Guadalupe fur seals, the cool season is defined as September–May, and the warm water season is 
defined as June–August. This is slightly different from other pinniped species. The PMSR Study Area 
included seasonal uniform density estimates for Guadalupe Fur seals offshore (> 3,000 m isobaths) and 
inshore PMSR during summer/fall (Figure 7-44) and winter/spring (Figure 7-45). Although these density 
estimates may not be accurate based on interannual variability, fluctuations in population size, or may 
not exactly reflect spatial distributions, they represent the best available science due to the paucity of 
other data. The Navy considers these density estimates to be the most conservative. 
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Figure 7-44. Guadalupe Fur Seal Summer/Fall Density in the PMSR 
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Figure 7-45. Guadalupe Fur Seal Winter/Spring Density in the PMSR 
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7.3.3 Harbor Seal, Phoca vitulina richardii 

The harbor seal (Phoca vitulina) is a small seal that is found in the near shore environment of much of 
the Northern Hemisphere (Jefferson et al. 2015). Harbor seals do not make extensive pelagic migrations, 
but do travel 300–500 km to find food or suitable breeding areas (Harvey and Goley 2011; Herder 1986). 
Phoca vitulina richardii is the Eastern Pacific subspecies that would be encountered in the PMSR. The 
NMFS recognizes 17 harbor seal stocks along the U.S. Pacific Coast (Carretta et al. 2019; Muto 2019). 
There are 12 stocks present in Alaska waters and 5 stocks occurring in Washington, Oregon, and 
California waters. Species from only the California stock would be expected in PMSR (Carretta et al. 
2019). 

From January to May, dependent harbor seal pups are present at haul-out locations, but many have left 
by May. The range of pupping dates varies with location, with more northerly locations having later 
pupping dates. From May to June, juveniles and adults spend more time on shore to molt. Since harbor 
seals generally occur within 50 miles of their haul-out sites, the Navy applied a uniform annual density 
estimate from the coast offshore (Figure 7-46) including a 50 mile buffer around all known haul-out sites 
from islands within the acoustic modeling study areas (Bailey et al. 2014; Lowry et al. 2005; Menza et al. 
2016). Zero density was assigned to waters outside this buffer. Although these density estimates may 
not be accurate based on interannual variability, fluctuations in population size, or may not exactly 
reflect spatial distributions, they represent the best available science due to the paucity of other data. 
The Navy considers these density estimates to be the most conservative. 
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Figure 7-46. Harbor Seal Annual Density in the PMSR 
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7.3.4 Northern Elephant Seal, Mirounga angustirostris 
 
This highly sexually dimorphic seal is found only in the Eastern North Pacific (Jefferson et al. 2015). 
Northern Elephant seals breed and give birth in California (U.S.) and Baja California (Mexico) from 
December to March (García-Aguilar et al. 2018; Stewart and Huber 1993). Small colonies of Northern 
Elephant seals haul out and breed on Santa Barbara Island and San Clemente Island, while large colonies 
are found on San Nicolas, Santa, Rosa, and San Miguel Islands (Lowry et al. 2014; Lowry et al. 2017; 
Stewart et al. 1993; Stewart et al. 1994) peak abundance in California is during the January–February 
breeding season (Lowry et al. 2017). Adult females spend about 28 days on shore for breeding and 
nursing their pups; adult and sub-adult males spend the entire three months on shore for breeding. 
Juveniles forage at sea and generally move northward with the exception of seals originating from 
Guadalupe Island. From March through June, adult females and juveniles return to shore to molt, and 
adult and sub-adult males forage in the North Pacific around the Gulf of Alaska (Le Boeuf et al. 2000). 
Weaned pups leave for their first trip to sea in April and May. From July through August, males move 
onshore to molt, adult females and juveniles forage at sea, and from September through November, 
juveniles haul out for about 30 days. NMFS considers Northern Elephant seals in the Study Area to be 
from the California Breeding Stock, although Elephant seals from Baja Mexico frequently migrate north 
through the PMSR Study Area (Aurioles-Gamboa and Camacho-Ríos 2007; Carretta et al. 2019).  

The in-water density estimate included in the PMSR Study Area assumes that the 21,563 Elephant seals 
considered to represent the California stock would remain in the PMSR, and thus, represents a 
conservative value. Seasonal estimates of the population of Northern Elephant seals potentially at sea 
during the warm season (75 percent) and cool season (50 percent) were derived from published 
literature (Le Boeuf and Laws 1994; Worthy et al. 1992). Density estimates for the summer/fall (Figure 7-
47) and winter/spring (Figure 7-48) seasons were calculated by taking the California stock population 
estimate (21,563) and adding an estimate of the population from Mexico (15,083) to arrive at a total 
abundance of 36,646 seals (Department of the Navy 2017). While applying these seasonal uniform 
densities may overestimate northern elephant seal occurrence in the PMSR based on what is known 
about their seasonal movement, these values are considered the best available science due to a paucity 
of any other data. The Navy considers these density estimates to be the most conservative. 
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Figure 7-47. Northern Elephant Seal Summer/Fall Density in the PMSR 
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Figure 7-48. Northern Elephant Seal Winter/Spring Density in the PMSR 

 



Quantifying Acoustic Impacts for Point Mugu Sea Range Technical Report  12 February 2020 
 

7-81 Version 1 

7.3.5 Northern Fur Seal, Callorhinus ursinus 

Northern Fur seals occur from Southern California north to the Bering Sea and West to Japan (Carretta 
et al. 2019). The population of northern fur seals occurring in U.S. waters is comprised of two main 
stocks recognized by the NMFS: the California stock, which includes seals from San Miguel Island and the 
Farallon Islands, and the Eastern Pacific stock, which occurs primarily in Alaskan waters (Carretta et al. 
2019). Species from the California stock only would be expected in PMSR (Carretta et al. 2019). A small 
breeding population, less than 1 percent of the total population, is found on San Miguel Island off 
Southern California and the Farallon Islands off central California.  

The Navy’s estimate for the PMSR used a similar method described in the Department of the Navy 
(2017) using the NMFS’ San Miguel Island population estimate of 13,384 Northern Fur seals. This is a 
highly conservative assumption that most of the population would remain in the PMSR. Seasonal 
estimates of the percentage of Northern Fur seals potentially at sea during summer/fall (15 percent) and 
winter/spring (50 percent) seasons were derived from published literature (Antonelis et al. 1990; Ream 
et al. 2005; Roppel 1984). The summer/fall (Figure 7-49) and winter/spring (Figure 7-50) density 
estimates were calculated by taking the population estimate multiplied by the percentage of the 
population at sea for each season and dividing by the area of the NMFS Southern California Stratum 
(Department of the Navy 2017). Although these density estimates may not be accurate based on 
interannual variability, fluctuations in population size, or may not exactly reflect spatial distributions, 
they represent the best available science due to the paucity of other data. The Navy considers these 
density estimates to be the most conservative. 
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Figure 7-49. Northern Fur Seal Summer/Fall Density in the PMSR 
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Figure 7-50. Northern Fur Seal Winter/Spring Density in the PMSR 
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7.4 Sea Turtles 
 
7.4.1 Leatherback Sea Turtle, Dermochelys coriacea 
 
The leatherback turtle is the most widely distributed of all sea turtles, found from tropical to subpolar 
oceans, from 71°N to 47°S (Eckert 1995), and nests on tropical and occasionally subtropical beaches 
(Myers and Hays 2006; National Marine Fisheries Service and U.S. Fish and Wildlife Service 1998). In a 
study analyzing the movements of 135 leatherbacks fitted with satellite tracking tags, the turtles were 
found to inhabit waters with sea surface temperatures ranging from 11.3 to 31.7 degrees C (mean of 
24.7 degrees C) (Bailey et al. 2012). Adult leatherback turtles forage in temperate and subpolar regions 
in all oceans, and migrate to tropical nesting beaches located between 30°N and 20°S. Leatherbacks 
migrate from western Pacific Ocean nesting beaches to forage in the CCE of the U.S. Pacific (Benson et 
al. 2007; Kobayashi et al. 2008). 
 
There is a tremendous paucity of in-water occurrence data for sea turtles. Although tagging studies of 
individual leatherback sea turtles have been performed (Shillinger et al. 2008), there is little assessment 
of the general presence of turtles in an area beyond their use of beaches. Many studies assess turtle 
numbers by counting nesting individuals or number of eggs (Hitipeuw et al. 2007; Patino-Martinez et al. 
2008) or recording by catch (Bartol and Ketten 2006; Donoso and Dutton 2010). In-water densities 
cannot be estimated realistically from data collected on the beach. In many cases, the Navy has had to 
rely on datasets obtained by Navy biologists during monitoring activities. While leatherback sea turtle 
distribution would be expected to shift based on what is known about their habitat preferences, an 
annual uniform density estimate was applied for the PMSR Study Area (Figure 7-51). Although these 
density estimates may not be accurate based on interannual variability, fluctuations in population size, 
or may not exactly reflect spatial distributions, they represent the best available science due to the 
paucity of other data. The Navy considers these density estimates to be the most conservative. 
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Figure 7-51. Leatherback Sea Turtle Annual Density in the PMSR 
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8  MARINE MAMMAL CRITERIA AND THRESHOLDS 
The Navy’s Phase III marine mammal criteria and thresholds (Department of the Navy 2017) were 
utilized for this analysis.  The criteria provide specific threshold levels for acoustic and impulsive sources 
that can be used to determine potential auditory effects (Permanent Threshold Shift (PTS)/Temporary 
Threshold Shift (TTS)), behavioral responses to underwater anthropogenic sound, and non-auditory 
physiological impacts. 

All received impulse, Sound Exposure Level (SEL) and Sound Pressure Level (SPL), are recorded for each 
mammal in the defined area that received an SPL level of at least 100 dB. These values are then 
compared against all thresholds defined in Table 8-1 to calculate exposure numbers. As a reminder, sea 
turtles are assessed qualitatively because of a lack of appropriate density data. 

Table 8-1. Effects, Criteria, and Thresholds for Impulsive Sources 
 

Group Species Behavioral 
Criteria 

Physiological Criteria 

Onset TTS Onset PTS 

Onset GI 
(Gastrointestinal) 
Tract Injury (SPL) 

50% 
Low-
Frequency 
Cetaceans 

All mysticetes 163 dB SEL 168 dB SEL 
213 dB SPL 

183 dB SEL 
219 dB SPL 

243 dB re 1 µPa 
peak 

Mid-
Frequency 
Cetaceans 

Most delphinids, 
beaked whales, 
medium and large 
toothed whales 

165 dB SEL 170 dB SEL 
224 dB SPL 

185 dB SEL 
230 dB SPL 

243 dB re 1 µPa 
peak 

High-
Frequency 
Cetaceans 

Porpoises, River 
dolphins, 
Cephalorynchus 
spp., Kogia spp. 

135 dB SEL 140 dB SEL 
196 dB SPL 

155 dB SEL 
202 dB SPL 

243 dB re 1 µPa 
peak 

Otariidae 
Odobenidae 
(in water) 

California sea lion, 
Guadalupe Fur 
seal, Northern Fur 
seal 

183 dB SEL 188 dB SEL 
226 dB SPL 

203 dB SEL 
232 dB SPL 

243 dB re 1 µPa 
peak 

Phocinae 
(in water) Harbor seal 165 dB SEL 170 dB SEL 

212 dB SPL 
185 dB SEL 
218 dB SPL 

243 dB re 1 µPa 
peak 

Monochinae 
(in water) 

Northern Elephant 
seal 165 dB SEL 170 dB SEL 

212 dB SPL 
185 dB SEL 
218 dB SPL 

243 dB re 1 µPa 
peak 

 

Mortality and slight lung injury thresholds are calculated using the mass and depth of the mammal. An 
adult mass and a calf mass are defined for each species based on the literature. 
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Mortality (50% risk of extensive lung injury): 

 

Injury (50% risk of slight lung injury): 

 

Where D is depth (meters) and M is mass (kg).
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