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EXECUTIVE SUMMARY 

The purpose of the ¦Φ{Φ bŀǾȅΩǎ Marine Species Density Database (NMSDD) Technical Report is to 

document the process used to derive density estimates for marine mammal and sea turtle species 

occurring in the Hawaii-Southern California Testing and Training Study Area, and to provide a summary 

of species-specific and area-specific density estimates incorporated into the NMSDD. The following 

discussion summarizes improvements that have been made in the density estimation process for Phase 

III ƻŦ ǘƘŜ bŀǾȅΩǎ Tactical Training Theater Assessment and Planning Program process. The availability of 

additional systematic survey data, as well as improvements to habitat modeling methods used to 

estimate species density, have resulted in substantial improvements to the NMSDD Phase III as 

summarized below.  

Hawaii Range Complex. New survey data collected within the Exclusive Economic Zone of the Hawaiian 

Islands (2010) and Palmyra Atoll/Kingman Reef (2011ς2012) allowed the National Marine Fisheries 

Service Southwest Fisheries Science Center (SWFSC) to update their Central Pacific habitat-based density 

models and implement new grid-based predictions which eliminated interpolation artifacts (Forney et 

al., 2015). The 2010 Hawaiian Islands Exclusive Economic Zone survey data were also used to estimate 

updated uniform densities that include new sea-state specific estimates of trackline detection 

probability (Bradford et al., 2017). Density estimates for the Hawaii Range Complex study area were 

updated for all species sighted during the 2010 survey. In addition, new spatially-explicit density layers 

were developed for several island-associated stocks (false killer whale, melon-headed whale, spinner 

dolphin, pantropical spotted dolphin, and common bottlenose dolphin) based on published abundance 

estimates and range boundaries (i.e., Aschettino, 2010; Baird et al., 2009; Hill et al., 2011; Oleson et al., 

2013; Tyne et al., 2014), to more accurately reflect the distribution patterns of these island-associated 

populations. 

Southern California. Additional survey data collected in 2009 off Southern California allowed SWFSC to 

update their California Current Ecosystem habitat-based density models using improved methods that 

incorporated species-specific and segment-specific estimates of both effective strip width and trackline 

detection probability (Becker et al., 2016). Density predictions from the updated models are grid-based 

and provide finer spatial resolution than the models used for Phase II. Phase III includes spatially-explicit 

density predictions for two additional species (common bottlenose dolphin and long-beaked common 

dolphin) that could not be modeled in this way in Phase II. In 2014, SWFSC conducted an additional 

systematic survey in the California Current Ecosystem; these data were used to update geographically 

stratified density estimates using a multiple-covariate line-transect approach that included new 

estimates of trackline detection probability (Barlow 2016). In order to improve the estimates off Baja 

/ŀƭƛŦƻǊƴƛŀ ŦƻǊ ǘƘŜ bŀǾȅΩǎ tƘŀǎŜ LLL ŀƴŀƭȅǎŜǎΣ ŘŜƴǎƛǘȅ estimates and coefficients of variation derived by 

Ferguson and Barlow (2003) were recalculated based on the extent of the acoustic modeling footprint 

and were also corrected for new estimates of trackline detection probability. Additional SOCAL Phase III 

improvements include the incorporation of winter/spring habitat-based density models for three species 

(Becker et al., 2017) and winter/spring uniform density estimates for an additional three species 

(Campbell et al., 2015) based on line-transect sighting data collected during the Southern California 

Cooperative Oceanic Fisheries Investigations (CalCOFI) cruises. In addition, new seasonal gray whale 



U.S. NAVY MARINE SPECIES DENSITY DATABASE PHASE III FOR THE HSTT STUDY AREA OCTOBER 2017 

 

density estimates were developed based on line-transect data collected off Southern California 

(Jefferson et al., 2014). Spatially-explicit density estimates for the coastal stock of common bottlenose 

dolphin (Carretta, 2012) were used to more accurately reflect the distribution patterns of this nearshore 

population. With the exception of a few species for which updated winter/spring estimates are not 

available, all density estimates for the SOCAL study area were updated.  

Elimination of Level 4ς5 data sources. Given the representative acoustic modeling study areas 

established for Hawaii-Southern California Testing and Training Phase III, the Navy was able to eliminate 

the use of all Level 4ς5 data sources (i.e., the least preferred sources of density data as noted in Table 

3-1). Given the uncertainty associated with predictions from relative environmental suitability models, 

and the sometimes orders-of-magnitude difference in relative environmental suitability estimates as 

compared to validated estimates derived from years of survey data (U.S. Department of the Navy, 2015), 

this represents a substantial improvement to the Phase III NMSDD. 
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1 BACKGROUND 
To ensure compliance with United States (U.S.) regulations, including the Endangered Species Act (ESA), 

the Marine Mammal Protection Act (MMPA), the National Environmental Policy Act, and Executive 

Order 12114 (Environmental Effects Abroad of Major Federal Actions), the U.S. Department of the Navy 

(Navy) takes responsibility for reviewing and evaluating the potential environmental impacts of 

conducting at-sea training and testing. All marine mammals in the United States are protected under the 

MMPA, and some species receive additional protection under the ESA. As stipulated by the MMPA and 

ESA, information on the species and numbers of protected marine species is required in order to 

estimate the number of animals that might be affected by a specific activity. The Navy performs 

quantitative analyses to estimate the number of marine mammals and sea turtles that could be affected 

by at-sea training and testing activities. A key element of this quantitative impact analysis is knowledge 

of the abundance and concentration (density) of the species in specific areas where those activities will 

occur. The most appropriate unit of metric for this type of analysis is density, which is the number of 

animals present per unit area. This report includes a description of the currently-available density data 

used in the άtƘŀǎŜ LLLέ quantitative impact analysis for each marine mammal and sea turtle species 

ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ bŀǾȅΩǎ Hawaii-Southern California Training and Testing (HSTT) Study Area. Phase III is the 

ǘƘƛǊŘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ bŀǾȅΩǎ Tactical Training Theater Assessment and Planning Program (TAP). 

TAP is a comprehensive, integrated process to preserve access to and use of Navy training ranges, 

testing ranges, and operating areas (OPAREAs) by addressing encroachment and environmental 

compliance issues. Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǇǊŜǎŜǊǾƛƴƎ ŀŎŎŜǎǎ ŀƴŘ ǳǎŜ ƻŦ ǊŀƴƎŜǎΣ ¢!tΩǎ ǇǳǊǇƻǎŜ ƛǎ ǘƻ ŎƻƳǇƭȅ 

thoroughly with environmental laws. 

NOTE: The density data are organized by species and presented in groups of related taxa within Sections 

5 through 12 of this report. Within each individual species section, density data are described for the 

HSTT Study Areas as appropriate. Information on which species are found in the Study Area is provided 

in Table 4-1. 

A significant amount of effort is required to collect and analyze survey data in order to produce a marine 

species density estimate. Unlike surveys for terrestrial wildlife, many marine species spend much of 

their time submerged, and are not easily observed on the surface. Therefore, the computed density of 

marine species must also take into account an estimate of the number of animals likely to be present 

but not observed, as compared to the animals that are actually spotted on these surveys. The 

uncertainty of such estimates decreases with an increasing number of observations. In order to collect 

enough sighting data to make reasonable density estimates, multiple observations are required, often in 

areas that are not easily accessible (e.g., far offshore). National Marine Fisheries Service (NMFS) is the 

primary agency responsible for estimating marine mammal and sea turtle density within the U.S. 

Exclusive Economic Zone (EEZ). Other independent researchers often publish density data or data that 

can be used to calculate densities for key species in specific areas of interest. For example, population 

structure and abundance data for island-associated populations of cetaceans in Hawaiian waters are 

collected by various non-NMFS researchers (e.g., Baird et al., 2009; McSweeney et al., 2007).  
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For most cetacean species, abundance is estimated using line-transect surveys or mark-recapture 

studies (e.g., Barlow & Forney, 2007; Barlow, 2010; 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. EEZ off California, Oregon, and Washington όǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ŀ άǳƴƛŦƻǊƳέ 

density estimate). This is the general approach applied in estimating cetacean abundance in the NMFS 

stock assessment reports. The disadvantage of these methods is that they do not provide information 

on varied concentrations of species in sub-regions of very large areas, and do not estimate density for 

other seasons or timeframes that were not surveyed. More recently, a newer method called spatial 

habitat modeling has been used to estimate cetacean densities that address some of these 

shortcomings (e.g., Barlow et al., 2009; Becker et al., 2010; 2012a; 2014; Becker et al., 2016; Ferguson et 

al., 2006; Forney et al., 2012; 2015; Redfern et al., 2006). (Note that spatial habitat models are also 

ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άǎǇŜŎƛŜǎ ŘƛǎǘǊƛōǳǘƛƻƴ ƳƻŘŜƭǎέ ƻǊ άƘŀōƛǘŀǘ-based density models.έύ These models estimate 

density as a continuous function of habitat variables (e.g., sea surface temperature, seafloor depth) and 

thus, within the study area that was modeled, densities can be predicted at all locations where these 

habitat variables can be measured or estimated. Spatial habitat models therefore allow estimates of 

cetacean densities on finer scales than traditional line-transect or mark-recapture analyses. 

Uncertainty in published density estimates is typically large because of the low number of sightings 

available for their derivation. Uncertainty is typically expressed by the coefficient of variation (CV) of the 

estimate, which is derived using standard statistical methods and describes the amount of variation with 

respect to the population mean. It is expressed as a fraction or sometimes a percentage and can range 

upward from zero, indicating no uncertainty, to high values. When the CV exceeds 1.0, the estimate is 

very uncertain. For example, a CV of 0.85 would indicate high uncertainty in the population estimate. 

The CV does not capture the full extent of uncertainty in an estimate. For example, since cetacean 

distributions often shift in response to oceanic variability (Becker et al., 2012a), the uncertainty 

associated with movements of animals into or out of an area due to changing environmental conditions 

is much larger than is indicated by the CV. 

The methods used to estimate pinniped at-sea densities are typically different than those used for 

cetaceans, because pinnipeds are not limited to the water and spend a significant amount of time on 

land (e.g., at rookeries). Pinniped abundance is generally estimated via shore counts of animals on land 

at known haul-out sites or by counting number of pups weaned at rookeries and applying a correction 

factor to estimate the abundance of the population (for example Harvey et al., 1990; Jeffries et al., 2003; 

Lowry, 2002; Sepulveda et al., 2009). Estimating ƛƴπǿŀǘŜǊ ŘŜƴǎƛǘƛŜǎ from land-based counts is difficult 

given the variability in foraging ranges, migration, and haul-out behavior between species and within 

each species, and is driven by factors such as age class, sex class, breeding cycles, and seasonal variation. 

Data such as age class, sex class, and seasonal variation are often used in conjunction with abundance 

estimates from known haul-out sites to assign an in-water abundance estimate for a given area. The 

total abundance divided by the area of the region provides a representative in-water density estimate 

for each species in a different location, which enables analyses of in-water stressors resulting from 

at-sea Navy testing or training activities. In addition to using shore counts to estimate pinniped density, 

traditional line-transect derived estimates are also used, particularly in open ocean areas. 
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Ideally, density data would be available for all species throughout the study area year-round, in order to 

best estimate the impacts of Navy activities on marine species. However, in many places, poor weather 

conditions and high sea states prevent the completion of comprehensive year-round surveys. Even with 

surveys that are completed, poor conditions may result in lower sighting rates for species that would 

typically be sighted with greater frequency under favorable conditions. Lower sighting rates preclude 

having an acceptably low uncertainty in the density estimates. A high level of uncertainty, indicating a 

low level of confidence in the density estimate, is typical for species that are rare or difficult to sight. In 

areas where survey data are limited or non-existent, known or inferred associations between marine 

habitat features and (the likelihood of) the presence of specific species are sometimes used to predict 

densities in the absence of actual animal sightings. Consequently, there is no single source of density 

data for every area, species, and season because of the fiscal costs, resources, and effort involved in 

providing enough survey coverage to sufficiently estimate density. The amount of effort required to 

collect and analyze data to estimate the densities for all protected marine species for the Navy's study 

areas is beyond the scope of any single organization or beyond any feasible means for the Navy. 

Therefore, to characterize marine species density for large oceanic regions, the Navy needed to review, 

critically assess, and prioritize existing density estimates from multiple sources, requiring the 

development of a systematic method for selecting the most appropriate density estimate for each 

combination of species, area, and season. The resulting compilation and structure of the selected 

marine species density data resulted in the Navy Marine Species Density Database (NMSDD).  

Uncertainty, as used in this report, is an indication of variation in an estimate that is unique to each data 

source and is dependent on how the values were derived. Each source of data may use different 

methods to estimate density, of which uncertainty in the estimate can be directly related to the method 

applied. As noted above, uncertainty in published density estimates is typically large because of the low 

number of sightings collected during large survey efforts. Uncertainty characterization is an important 

consideration in marine mammal density estimation and some methods inherently result in greater 

uncertainty than others. Therefore, in selecting the best density estimate for a species, area, and time, it 

is important to select the data source that used a method that provides the most certainty for the 

geographic area. The beginning of this report provides a summary of the protocol that the Navy 

developed to describe how the data sources compare to each other and to provide guidance on the 

most appropriate source to use for the specific area. These data are compiled by the Fleets and Systems 

Commands and are incorporated into Navy environmental compliance documents. The Navy completed 

ǘƘŜ ŦƛǊǎǘ ba{55 ŀƴŘ ǇǳōƭƛǎƘŜŘ ŀ Ŧƛƴŀƭ ǊŜǇƻǊǘ ŘŜǎŎǊƛōƛƴƎ ǘƘŜ ŘŜƴǎƛǘȅ Řŀǘŀ ǳǎŜŘ ƛƴ ǘƘŜ άtƘŀǎŜ LLέ 

quantitative impact analysis for each marine mammal and sea turtle ǎǇŜŎƛŜǎ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ bŀǾȅΩǎ tŀŎƛŦƛŎ 

3rd and 7th CƭŜŜǘΩǎ !ǊŜŀ ƻŦ wŜǎǇƻƴǎƛōƛƭƛǘȅ ό!hwύ (U.S. Department of the Navy, 2015). The Pacific Fleet 

Study Areas addressed in the 2015 report included the HSTT Study Area, the Mariana Islands Training 

and Testing Study Area, the Northwest Training and Testing Study Area, and the Gulf of Alaska 

Temporary Maritime Activities Area Study Area. CƻǊ ǘƘŜ άtƘŀǎŜ LLLέ ŀƴŀƭȅǎŜǎΣ ŜŀŎƘ ƻŦ ǘƘŜǎŜ ŦƻǳǊ ǎǘǳŘȅ 

areas is addressed in a separate technical report. This technical report provides further details on Navy 

protocol and how it was implemented for each marine mammal and sea turtle species present in the 

bŀǾȅΩǎ HSTT Study Area. 
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2 NAVY MARINE SPECIES DENSITY DATABASE PROTOCOL 

2.1 DENSITY ESTIMATION METHODS AND RELATIVE UNCERTAINTY 

For every region and species there is a broad range of data that the Navy evaluated in order to select 

the best available density values for incorporation into the NMSDD. Assessing the quality of the data 

available and their associated level of uncertainty was key to ǘƘŜ bŀǾȅΩǎ ŀǇǇǊƻŀŎƘ ŦƻǊ selecting the best 

sources of marine species density data, as described below. 

Marine species density is the number of individuals that are present per unit area, typically per square 

kilometer (km2). Density estimation of marine species, in particular, marine mammals and sea turtles, is 

very difficult because of the large amount of survey effort required, often spanning multiple years, and 

the resulting low number of observed sightings. έ5ƛǎǘŀƴŎŜ ǎŀƳǇƭƛƴƎέ ŘŜǎŎǊƛōŜǎ ƳŜǘƘƻŘǎ ǘƘŀǘ ŀǊŜ ǳǎŜŘ ǘƻ 

estimate the density or abundance of biological populations given the assumption that many of the 

target species will not be detected during a survey (Buckland et al., 2001). The most common type of 

distance sampling is line-transect sampling, which characterizes the probability of visually detecting an 

animal or group of animals from a survey transect line to quantify and estimate the number of 

individuals missed. The result generally provides one single average density estimate for each species for 

the entire survey coverage extent, and usually is constrained to a specific timeframe or season. The 

estimate does not provide information on the species distribution or concentrations within that area, 

and does not estimate density for other timeframes/seasons that were not surveyed. 

To quantify how species density varies geographically requires stratifying survey effort into smaller 

sub-regions during the density estimation process. There are several methods that can be applied to 

accomplish this and each will affect the uncertainty in the estimate differently. Three commonly used 

methods of density estimation using direct survey sighting data and distance sampling theory are 

considered here: (1) designed-based, (2) stratified-designed based, and (3) spatial models. Another suite 

of models, Relative Environmental Suitability (RES) models (also known as Environmental Envelope or 

Habitat Suitability Index models), use known or inferred habitat associations to predict densities, 

typically in areas where direct survey sighting data are limited or non-existent. In some cases, 

extrapolation from neighboring regional density estimates or population/stock assessments into areas 

with no density estimates is appropriate based on expert opinion. In many cases this may be preferred 

over using RES models because of discrepancies identified by local expert knowledge, and result in more 

certainty in the extrapolated estimates. This includes an extrapolation of no occurrence based on other 

sources of data, such as the NMFS stock assessment reports or expert judgment. Following is a short 

summary of each of the density estimation methods. 

2.1.1 DESIGNED-BASED DENSITY ESTIMATE 

Designed-based density estimation uses line-transect survey data and usually involves distance sampling 

theory (Buckland et al., 2001) to estimate density for the entire survey extent. Systematic line-transect 

surveys can be conducted from both ships and aircraft; however, the time period available for sighting 

an animal is much shorter for aerial surveys as compared to ship surveys, and therefore more aerial 

survey effort may be required in order to obtain enough sightings to estimate densities. Conversely, 
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aerial surveys can cover a much larger area in a shorter period of time than ship surveys. Line-transect 

methods can also rely on passive acoustic detections of animals typically obtained from a towed 

hydrophone during a concurrent visual survey (e.g., Barlow & Taylor, 2005). Line-transect surveys are 

typically designed from the ground up with intent to survey and estimate density for a specific 

geographic arŜŀΣ ƘŜƴŎŜ ǘƘŜ ǘŜǊƳ άŘŜǎƛƎƴŜŘ-ōŀǎŜŘΦέ ¢Ƙƛǎ ƛǎ ǘƘŜ ƳŜǘƘƻŘ ƻŦ ŀōǳƴŘŀƴŎŜ ŜǎǘƛƳŀǘƛƻƴ 

typically used for the NMFS marine mammal stock assessment reports. Values in the literature may be 

reported as abundance for the survey area, for which a density estimate can be inferred if the area is 

specified. 

2.1.2 STRATIFIED DESIGNED-BASED DENSITY ESTIMATE 

Stratified designed-based density estimates use the same survey data and methods as the designed-

based method, but the study area is stratified into sub-regions and densities estimated specific to each 

sub-region. The advantage of this method is that geographically stratified density estimates provide a 

better indication of a speciesΩ distribution within the study area, because it generates one density 

estimate value for each stratum. The disadvantage is that the uncertainty is typically high compared to 

the designed-based estimate because each sub-region estimate is based on a smaller stratified segment 

of the overall survey effort. For impact assessments that are geographically specific, the benefits of 

understanding the species geographic variability generally outweighs the increased uncertainty in the 

estimate. 

2.1.3 SPATIAL MODELS 

Spatial models estimate cetacean density as a continuous function of habitat variables (e.g., sea surface 

temperature, seafloor depth, etc.) and thus allow density predictions on finer spatial scales than 

designed-based or stratified designed-based methods. Spatial models, ŀƭǎƻ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άǎǇŜŎƛŜǎ 

ŘƛǎǘǊƛōǳǘƛƻƴ ƳƻŘŜƭǎέ ƻǊ άƘŀōƛǘŀǘ-based density models,έ are developed using line-transect survey data 

collected in accordance with NMFS protocol and standards, and density estimates derived for divided 

segments in accordance with distance sampling theory (Buckland et al., 2001). These segments are fitted 

to environmental explanatory variables typically using a Generalized Additive Model. The advantage of 

this method is that the resulting density estimates are spatially defined, typically at the resolution of the 

environmental data used for model development, and thus show variation in species density and 

distribution. For geographic-specific impact assessments, this is the most preferred method of density 

estimation, and has been applied for many of the species in the Navy OPAREA Density Estimates 

(NODEs) model for the Atlantic Ocean and the Southwest Fisheries Science Center (SWFSC) density 

models for the Pacific Ocean. Since this method of density estimation yields the best value estimation 

with the least uncertainty, it is the preferred data source when available. 

2.1.4 DENSITY BASED ON RELATIVE ENVIRONMENTAL SUITABILITY MODELS 

The three methods described above estimate density directly from survey sighting data in conjunction 

with distance sampling theory. However, the majority of the ǿƻǊƭŘΩǎ oceans have not been surveyed in a 

manner that supports quantifiable density estimation of marine mammals and sea turtles. In the 

absence of empirical survey data, information on known or inferred associations between marine 

habitat features and (the likelihood of) the presence of specific species have been used to predict 
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densities using model-based approaches. These habitat suitability models include RES models (also 

known as Environmental Envelope or Habitat Suitability Index models). Habitat suitability models can be 

used to understand the possible extent and relative expected concentration of a marine species 

distribution. These models are derived from an assessment of the species occurrence in association with 

evaluated environmental explanatory variables that results in defining the suitability of a given 

environment. A fitted model that quantitatively describes the relationship of occurrence with the 

environmental variables can be used to estimate unknown occurrence in conjunction with known 

habitat suitability. Abundance can thus be estimated based on the values of the environmental 

variables, providing a means to estimate density for areas that have not been surveyed. Two recognized 

methods and sources of density estimation for marine mammals are considered here: the Kaschner et 

al. (2006) global density estimates and the Sea Mammal Research Unit, Limited at University of 

St. Andrews (SMRU Ltd.) global density estimates (SMRU Ltd., 2012), hereafter referred to as the 

Kaschner et al. RES model or Kaschner et al. marine mammal density models, and the SMRU Ltd. model. 

Predictions from the SMRU Ltd. model are preferred over the Kaschner et al. model because the SMRU 

Ltd. version used separately derived population abundance estimates to constrain the global density 

estimates from the RES model. Given that uncertainty is very high, and results can substantially diverge 

from adjacent empirically-ōŀǎŜŘ ǊŜǎǳƭǘǎ όƻǊ ŘƻƴΩǘ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ŘŜƴǎƛǘƛŜǎ ƳŜŀǎǳǊŜŘ ŦǊƻƳ ǎǳǊǾŜȅŜŘ 

areas), this method of density estimation is the least preferred type of data source. 

2.2 OVERARCHING DATA SOURCE SELECTION AND IMPLEMENTATION GUIDELINES 

Ideally, marine species sighting data would be collected for the specific area and time period of interest 

and density estimates derived accordingly. However, as mentioned above, density data are not available 

for every species and season necessary for Navy impact analyses because of the fiscal costs, resources, 

and effort involved providing enough survey coverage to sufficiently estimate density. Therefore, 

depending on the region, species, and season of interest, there may be little to no density data available 

or multiple estimates derived from different methods. For example, relative to many other areas of the 

ǿƻǊƭŘΩǎ ƻŎŜŀƴǎΣ ǿŀǘŜǊǎ ƻŦŦ ǘƘŜ ¦Φ{Φ west coast have been surveyed extensively for the purpose of 

estimating cetacean abundance; both stratified designed-based (e.g., Barlow & Forney, 2007) and 

density spatial models (e.g., Forney et al., 2012) are available for many of these species. Some of these 

surveyed areas overlap with Navy OPAREAs; however, very little survey data are available for other 

ǊŜƎƛƻƴǎ ǘƘŀǘ ŜƴŎƻƳǇŀǎǎ ǘƘŜ bŀǾȅΩǎ !hwΦ CƻǊ Ŝxample, systematic line-transect survey data are 

extremely limited in the Mariana Islands Study Area, particularly in the offshore areas. Most survey 

efforts in this region are localized and very close to shore, thus making it impossible to directly quantify 

the density of most species known to occur in the offshore regions of the HSTT Study Area. In these 

cases, some sort of extrapolated density estimate or prediction from a RES model needs to be used, 

both of which inherently include a high degree of uncertainty. 

The methods used to develop the density estimate directly affect the level of inherent uncertainty in the 

estimate. As described above, if the density estimate for a geographic area is based on sighting data 

from a direct survey effort, the inherent uncertainty is comparatively low when compared to a  

RES-based estimate for a geographic area that has never been surveyed. Further, marine mammal 

surveys are typically conducted during one or two seasons because in many places poor weather 
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conditions and high sea states prohibit the completion of winter surveys. So for the same species in the 

same region, one density estimation method may provide a better value for one season and a different 

method for the other seasons. Understanding these methods and how they affect the quality of the 

resulting density estimate is important to making an informed decision about which species-specific 

estimates are implemented in the NMSDD for each geographic area and season. 

All density estimates are subject to a level of uncertainty. Further, many of the sources of uncertainty 

and the data themselves are not independent, which complicates standard analytical methods for 

estimating variance. Density estimates and predictions from ecological models should always be 

considered an approximation to truth (Burnham & Anderson, 1998). Each model is limited to the 

variables and assumptions considered by the original data source provider. No mathematical model 

representation of any biological population is perfect, and with regards to marine mammal biodiversity, 

any single model will not completely explain the results. 

In summary, for every region and species there is a broad range of available data of varying qualities 

that the Navy needs to evaluate in order to select the best values for incorporation into the NMSDD. 

Therefore, in order to provide a systematic structure for data source selection, the Navy established a 

hierarchal approach for ranking density estimates as described below. 

2.2.1 HIERARCHAL APPROACH FOR RANKING DENSITY ESTIMATES 

Some methods of density estimation are better than others and can produce a more accurate estimate 

with decreased uncertainty. Therefore, when there are multiple data sources available, the data 

selection process can be driven largely by (1) spatial resolution and (2) uncertainty in the estimate. As 

depicted in Figure 2-1 for the NMSDD, modeling methods are ranked as follows: 

(A) Density estimates from spatial models will be used when available. As described in Section 2.1.1, 
spatial models provide the best source of density data at the finest spatial scales and yield 
information on variation in species density and distribution useful for environmental planning 
efforts.  

ςFor the U.S. EEZ on the west coast and around the Hawaiian Islands, SWFSC models for the 
California Current Ecosystem (CCE) and the Central Pacific (CENPAC) were used. 

(B) If no density spatial model based estimates were available, the following were used in order of 
preference: 

(1) Density estimates using designed-based methods incorporating line-transect survey data and 
involving spatial stratification (i.e., estimates split by depth strata or arbitrary survey 
sub-regions). Although stratified designed-based estimates typically have higher uncertainty 
due to fewer sightings available for the smaller strata, geographically stratified density 
ŜǎǘƛƳŀǘŜǎ ǇǊƻǾƛŘŜ ŀ ōŜǘǘŜǊ ƛƴŘƛŎŀǘƛƻƴ ƻŦ ŀ ǎǇŜŎƛŜǎΩ ŘƛǎǘǊƛōǳǘƛƻƴ ǿƛǘƘƛƴ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀΦ  

(2) Density estimates using designed-based methods incorporating only line-transect survey 
data (i.e., regional density estimate, stock assessment report). 

(3) Density estimates derived using a RES model from SMRU Ltd. (2012) or Kaschner et al. 
(2006). As described in Section 2.1.3, these are the least preferred sources of density data 
given their very coarse spatial resolution (global estimates) and high uncertainty. Based on 
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ǘƘŜ bŀǾȅΩǎ ƘƛŜǊŀǊŎƘŀƭ ŀǇǇǊƻŀŎƘΣ ǘƘŜǎŜ Řŀǘŀ ǎƘƻǳƭŘ ōŜ ǳǎŜŘ ƻƴƭȅ ǿƘŜƴ ƻǘƘŜǊ ǎƻǳǊŎŜǎ of 
density data are not available. Density estimates from RES models had to be used for the 
bŀǾȅΩǎ tƘŀǎŜ LL ŀƴŀƭȅǎŜǎ; however, given the representative acoustic modeling study areas 
established for HSTT Phase III, the Navy was able to eliminate the use of RES data, thereby 
improving the density data used for Phase III acoustic modeling. In addition to the specific 
acoustic modeling study areas, density estimates available for the entirety of Hawaii Range 
Complex (HRC) and Southern California (SOCAL) Range Complex are also shown on the maps 
included in this report, and thus RES data remaining from the Phase II analyses are still 
depicted on the maps. 

(C) As mentioned in Section 2.1, in some cases extrapolation from neighboring regional density 
estimates or population/stock assessments into areas with no density estimates (or only 
estimates from RES models) is appropriate based on expert opinion.  

 

Figure 2-1: Graphical Depiction of Methods of Density Data Derivation and How They Rank in Guiding the 
Determination of What Density Data to Include in the NMSDD 

2.2.2 NAVY MARINE SPECIES DENSITY DATABASE DENSITY DATA COMPILATION AND 

INTEGRATION 

Density data incorporated into the NMSDD and subsequently used as input for the NavyΩǎ acoustic 

effects modeling are centrally managed at Naval Facilities Engineering Command, Atlantic and made 

publically available via web-based services from Duke University at 

http://seamap.env.duke.edu/models/. 
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In an effort to coordinate across the NŀǾȅΩǎ ht!w9!ǎ and establish a consistent approach to select the 

best available density estimates, data for each species are compiled for each specific area by season 

using the hierarchical approach outlined in Figure 2-1 as a guideline for selection. 

For example, consider the density data file for fin whale (Balaenoptera physalus) in the eastern North 

Pacific during summer and fall: 

Density data sources are ranked in order based on the methods outlined in Section 2.2.1 and Figure 2-1. 

They are: 

1) SWFSC spatial models (U.S. EEZ) 
2) SWFSC stratified designed-based estimates off Baja, California, Mexico 
3) SMRU Ltd., RES model estimates (everywhere else) 

The resulting density data file in Figure 2-1 shows the designated geographic location of density 

estimates integrated from the sources chosen above. Since the SWFSC density spatial model is the most 

desirable data source for geographic areas where such models are available, these data are used in lieu 

of any other sources for this species and season (Figure 2-2). As is evident in Figure 2-2, the SWFSC 

model provides spatially-explicit density estimates within the U.S. EEZ. Stratified designed-based density 

estimates were available for waters off Baja California, Mexico, and are depicted as an area of uniform 

density directly south of the U.S. EEZ. Data from the SMRU Ltd. RES model were selected for the 

remaining areas shown on the map because no other density data were available. The hierarchical data 

selection process ensures that the highest ranking and thus best available estimate is used for each 

species considered and that there is only one representative density value for each geographic location. 

The hierarchical ranking process is applied on a species-by-species basis since available data sources 

often vary by species. The results are species-specific density data files that are compilations of density 

data from potentially multiple sources, are defined seasonally where possible, and provide density 

values per season for each geographic area of interest. 
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Figure 2-2: Example of a Combined NMSDD Density Data File 

If species-specific density data are not available, the density value of a surrogate species or season can 

be used as a proxy value. A surrogate species is a species with similar morphology, behavior, and habitat 

preferences. A surrogate season is a season that best represents the expected distribution and density 

for that species.  

Pacific Fleet, Atlantic Fleet, and System Commands (SYSCOMS) are each responsible for reviewing and 

including the best available density data for their AOR in an ArcGIS compatible format with associated 

metadata for inclusion into the master Atlantic and Pacific datasets. There is continual coordination 

between Pacific Fleet, Atlantic Fleet, and SYSCOMS to ensure consistency between regional 

environmental analyses (e.g., Pacific and Atlantic Environmental Impact Statements) and commands 

across the Navy. Pacific Fleet, Atlantic Fleet, and SYSCOMS are also each responsible for developing the 

supporting documentation on the methods of implementation for data included in the NMSDD. 

2.2.3 METHODS FOR SEASONAL DESIGNATION 

Seasons are defined by the available data and the minimum number of timeframes that characterize the 

species distribution over one year. The number of timeframe designations could vary based on the 

detail of the available data. This could be designated by the traditional four seasons, warm and cold 

seasons, breeding and feeding seasons, monthly or smaller increments.  
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The dataset with the most seasonal classifications determines the number of seasonal density data files 

that need to be developed. A separate density data file is required for each season designation. In 

instances of combining a species for which there is an annual density estimate and a seasonally parsed 

density estimate, multiple density data files may be developed based on the seasonal category. For 

example, a species density dataset with four seasonal classifications is merged with a density dataset 

with an annual classification. The annual data need to be repeated for all four seasons and each 

repeated value must have the same season start and end dates as the season classification. There 

should be no overlapping time frames or geographic areas represented by the density data within the 

combination of the multiple datasets. 

The ultimate result is a series of density data files that spatially and temporally have density values that 

span the speciesΩ expected distribution for the entire year. The number of density data files for a given 

species is defined by the data region of greatest detail (i.e., the greatest number of seasonal timeframe 

designations) and may result in geographic partitioning and multiple density data files for a single 

species if seasonal definitions differ for oceanic areas. 

2.2.4 FILE FORMAT AND MANAGEMENT 

All density estimates need to be in an ArcGIS compatible format for integration with the Navy effects 

analysis model. All data are clipped to the National Geospatial-Intelligence Agency 1:250,000 coastline 

data for the coastal boundary. At a minimum, the metadata fields listed in Appendix B are to be included 

in the database file (.dbf) for all density values in the density data files.  

The file format and structure standards are managed by the Naval Undersea Warfare Center (Newport, 

Rhode Island) modeling team in collaboration with Naval Facilities Engineering Command, Atlantic. By 

keeping the data in the same file format, new data can easily be added to future iterations of the species 

density data files.  

Uncertainty is characterized in different ways by the original density data provider, and these estimates 

are preserved in the file format for use in the effects modeling (U.S. Department of the Navy, In 

Progress). Additional metadata fields other than the ones listed in Appendix B can be used to 

incorporate and retain these values.  
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3 NAVY MARINE SPECIES DENSITY DATABASE PHASE III ɀ 
OVERALL METHODS AND SOURCES IMPLEMENTED 

The following sections describe the HSTT Study Area for which density data have been compiled and 

incorporated into the NMSDD Phase III. Available density data sources are also described. A summary of 

the improvements that have been made to the NMSDD from Phase II to Phase III is provided in the 

Executive Summary.  

3.1 HAWAII-SOUTHERN CALIFORNIA TRAINING AND TESTING STUDY AREA 

The HSTT Study Area includes three existing range complexes: the SOCAL Range Complex, HRC, and 

Silver Strand Training Complex. In addition to these range complexes, the Study Area also includes a 

notional route to represent Navy transit from one range complex to another, and an area of the Study 

Area that overlaps with the Point Mugu Sea Range. Other than the area of overlap, the Point Mugu Sea 

Range is not part of the HSTT Study Area (Figure 3-1). In this report, the ŘƛǎŎǳǎǎƛƻƴ ƻŦ ǎǇŜŎƛŜǎΩ ŘŜƴǎƛǘƛŜǎ 

is presented under two headings: HRC and SOCAL. Throughout this report, tƘŜ άIw/έ ƘŜŀŘƛƴƎ ǊŜŦŜǊǎ ǘƻ 

ǘƘŜ Iŀǿŀƛƛ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ I{¢¢ {ǘǳŘȅ !ǊŜŀΣ ŀƴŘ ǘƘŜ ά{h/![έ ƘŜŀŘƛƴƎ ǊŜŦŜǊǎ ǘƻ ǘƘŜ {ƻǳǘƘŜǊƴ /ŀƭƛŦƻǊƴƛŀ 

portion of the HSTT Study Area. Given that spatial models developed by SWFSC were the preferred 

source of density data incorporated into the NMSDD (see Section 2.2.1), the SWFSC California Current 

Ecosystem and Central Pacific study areas are shown in Figure 3-1. The Papahanaumokuakea Marine 

National Monument is also shown in relation to the Hawaii Range Complex. 

 

Figure 3-1: Hawaii-Southern California Training and Testing Study Area 
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.ŀǎŜŘ ƻƴ ǘƘŜ ǎƻǳƴŘ ǎƻǳǊŎŜǎ ƳƻŘŜƭŜŘ ƛƴ ǘƘŜ bŀǾȅΩs effects analysis for Phase III, acoustic modeling study 

areas were established to best characterize Navy training and testing and capture the range of 

environmental conditions within the HSTT Study Area (Figure 3-2). There are two acoustic modeling 

study areas that encompass each of the main OPAREAs, and three representative transit corridor study 

areas. Two of the representative transit corridor study areas are located within the notional route 

representing Navy transit between SOCAL and HRC, one in the western portion of the route and another 

in the eastern portion of the route, to ensure that the full range of environmental conditions were 

evaluated. A third representative transit corridor study area was placed to the west of the Hawaii 

OPAREA to ensure that Navy transit to Guam was also assessed. Density updates were focused on the 

acoustic modeling study areas shown in Figure 3-2 because these areas represent where most training 

and testing occur within the Hawaiian OPAREA and around the main Hawaiian Islands, as well as within 

250 nm of the west coast. 

 

Figure 3-2: Representative Acoustic Modeling Study Areas for the Hawaii-Southern California Training and 
Testing Study Area (boundaries shown in light green). The U.S. EEZ boundaries are shown in purple. 

Density data for the Phase III analyses were thus updated specifically for the acoustic modeling study 

areas and not for the entirety of HRC and SOCAL. As noted in Section 2.2.1, this allowed the Navy to 

eliminate the least preferred sources of density data (i.e., Level 4ς5 data as shown in Table 3-1), thereby 

improving the quality and reducing the uncertainty of data used for Phase III acoustic modeling. It is 

important to note that the figures included in the species-specific sections (Sectioƴǎ рҍмнύ ƛƴŎƭǳŘŜ 

density estimates available for the entirety of HRC and SOCAL, and thus portray data from the previous 
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Phase II analyses. While for some species these data differ substantially from the updated Phase III data 

shown for the acoustic modeling study areas, the Phase II data were not used in the current acoustic 

analyses, but are portrayed on the density figures for completeness.  

Table 3-1: Hierarchy of Density Data Sources 

Level Sources 

Level 1 (Most Preferred)  
Peer reviewed and/or published studies of density spatial models that provide 

spatially-explicit density estimates or values derived from these sources 

Level 2 
Peer reviewed and/or published studies of stratified designed-based density 

estimates or values derived from these sources 

Level 3 
Peer reviewed and/or published studies of designed-based density estimates or 

values derived from these sources 

Level 4 {ǘΦ !ƴŘǊŜǿΩǎ RES Model (SMRU Ltd., 2012) 

Level 5 (Least Preferred) Kaschner et al. RES Model (Kaschner et al., 2006) 

 

3.2 APPLICATION OF THE NAVY MARINE SPECIES DENSITY DATABASE PROTOCOL 

NMSDD shapefiles for the HSTT Study Area are currently stratified by four seasons:  

Winter: DecemberςFebruary 

 Spring: MarchςMay 

 Summer: JuneςAugust 

 Fall: SeptemberςNovember 

However, density data were rarely available at this temporal resolution. Marine mammal surveys are 

typically conducted during only one or two seasons because rough weather conditions in winter/spring 

make it difficult to collect shipboard line-transect data. Off California, for example, much of baC{Ω data 

that exist for winter/spring have been collected during aerial surveys. In this case, ship survey data 

provide the best estimates for summer/fall, while aerial survey data provide the best estimates for 

winter/spring. Further, the current NMSDD seasonal stratification approach is not appropriate for every 

project region. Ideally, seasonal strata would be based on the greatest differences in oceanographic 

conditions for a given study area. For example, off the U.S. west cƻŀǎǘΣ ǘƘŜ άǿŀǊƳ-ǿŀǘŜǊ ǇŜǊƛƻŘέ ƛǎ 

generally considered JuneςNovember ŀƴŘ ǘƘŜ άŎƻƻƭ-ǿŀǘŜǊ ǇŜǊƛƻŘέ WŀƴǳŀǊȅςApril, while December and 

May are considered periods of transition. In this case, given the seasonal periods used for the NMSDD, 

the warm-water period fits nicely into the summer/fall strata, while the cool-water and transitional 

periods are both included in the winter/spring strata. In this example, given limitations in the available 

ǎǳǊǾŜȅ ŘŀǘŀΣ ǘƘŜ άǎǳƳƳŜǊκŦŀƭƭέ ŜǎǘƛƳŀǘŜ ǿƛƭƭ ǇƻǇǳƭŀǘŜ ōƻǘƘ ǘƘŜ άǎǳƳƳŜǊέ ŀƴŘ άŦŀƭƭέ ǎƘŀǇŜŦƛƭŜǎ ŀƴŘ ǘƘŜ 

άǿƛƴǘŜǊκǎǇǊƛƴƎέ ŜǎǘƛƳŀǘŜ ǿƛƭƭ ǇƻǇǳƭŀǘŜ ōƻǘƘ ǘƘŜ άǿƛƴǘŜǊέ ŀƴŘ άǎǇǊƛƴƎέ ǎƘŀǇŜŦƛƭŜǎΦ Lƴ ǘƘŜ Ŏŀse of an 

annual density estimate, it will be repeated for all four seasons. 
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CƻǊ ŜŀŎƘ ŀǊŜŀ ŀƴŘ ǎŜŀǎƻƴΣ ǘƘŜ bŀǾȅΩǎ Ǝƻŀƭ ƛǎ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ ōŜǎǘ ŀǾŀƛƭŀōƭŜ ŘŜƴǎƛǘȅ ŜǎǘƛƳŀǘŜΣ ŀƴŘ ǘƘǳǎ 

different data sources may be relied upon. To select marine species density estimates, the Navy 

established a data hierarchy based on available data (Table 3-1). These levels were established 

consistent with the hierarchal approach for ranking density estimates as described in Section 2.2.1. 

When appropriate, the most preferred density values may be those extrapolated from Levels 1 through 

3 below. As described in Section 2.2.1, extrapolation from neighboring regional density estimates or 

population/stock assessments is appropriate based on expert opinion and is preferred over using RES 

models because of discrepancies identified by local expert knowledge.  

The different data sources are described in more detail in the following sections. 

The NMSDD protocol was applied when selecting the best available marine species density for each 

study area. For the HSTT Study Area, Level 1 data (habitat-based density models; see Table 3-1) were 

available for multiple species/species groups within the NMFS SWFSC/PIFSC survey areas off the U.S. 

west coast and Hawaii for the summer/fall seasons. For other species, seasons, and areas (e.g., Baja, 

Mexico), stratified line-transect density estimates (i.e., Level 2 data) were available. For a small number 

of species for the winter/spring seasons, and for a small portion of the HSTT Study Area that extended 

west of the SWFSC survey area, density estimates were extrapolated from stratified line-transect density 

estimates. Based on expert opinion from scientists at the SWFSC, for these HSTT cases for which Level 

1ς3 density estimates were not available, extrapolated density estimates were considered more 

representative of expected densities than those generated from the lower level sources (i.e., Level 4 and 

5 data). 

Information on the data density sources available for the HSTT Study Area is included in the next section. 

3.3 INFORMATION ON DENSITY DATA SOURCES CONSIDERED AND INCLUDED 

3.3.1 LEVEL 1ɀLEVEL 3 DATA SOURCES 

Consistent with the hierarchal approach for ranking density estimates as described in Section 2.2.1 and 

the established levels summarized in Table 3-1, the majority of Level 1 through Level 3 data (see 

Table 3-1) used to describe cetacean densities within the HSTT Study Area were estimated from 

systematic line-transect shipboard surveys conducted by NMFS SWFSC and PIFSC (Figure 3-3). As noted 

in Section 2.2.1, these sources of density data are the most preferred. The SWFSC/PIFSC surveys are 

typically conducted in summer/fall (roughly JulyςNovember) and cover three major study areas: (1) the 

CCE (waters off the U.S. west coast between the shore and approximately 300 nautical miles [nm] 

offshore), (2) the CENPAC (waters north of the equator between the International Date Line and 

approximately 130° west [W] longitude), and (3) the Eastern Tropical Pacific (waters extending from the 

U.S.-Mexico Border south to Peru and west to approximately 130°W longitude). Data from these surveys 

have been used to develop spatial density models and to estimate densities using line-transect analyses 

as described below. The study areas used to develop spatial density models for the CCE and the Central 

North Pacific overlap a large portion of the HSTT Study Area. Although they do not overlap, the two 

SWFSC study areas approach each other at the western edge of the CCE study area and the eastern edge 

of the Central North Pacific study area. 
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Source for transect lines: Hamilton et al. 2009 

Figure 3-3: Transect coverage for surveys conducted by the Southwest Fisheries Science Center between 1986 
and 2006 in three broad study areas in the eastern North Pacific. 

NMFS SWFSC Habitat-Based Density Models for the California Current Ecosystem (CCE Models)  

This data source is the top tier (Level 1) in the hierarchy of density data.  

SWFSC has been developing predictive habitat-based density models for cetaceans in the CCE for more 

than 15 years. Habitat variables used in the density models have included temporally dynamic 

environmental measures (e.g., sea surface temperature, mixed layer depth) derived from remotely 

sensed sources or collected in situ during the line-transect surveys, as well as more static geographical 

measures (e.g., water depth, bathymetric slope). The CCE habitat models have received extensive 

validation using a variety of methods including cross validation (Barlow et al., 2009; Becker et al., 2010; 

Forney, 2000; Forney et al., 2012), predictions on novel data sets (Barlow et al., 2009; Becker et al., 

2012a; Becker et al., 2014; Forney et al., 2012), and expert opinion (Barlow et al., 2009; Forney et al., 

2012).  

CƻǊ ǘƘŜ bŀǾȅΩǎ tƘŀǎŜ LL ŀƴŀƭȅǎŜǎΣ ƳƻŘŜƭ ǇǊŜŘƛŎǘƛƻƴǎ ŦǊƻƳ ǘƘŜ ǘƘŜƴ-current CCE model predictions 

(Becker et al., 2012b) were provided to the Navy in ArcGIS format and incorporated into the NMSDD 
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(U.S. Department of the Navy, 2015). These models were developed using six years of systematic 

line-transect data collected in the CCE between 1991 and 2008 (Becker et al., 2012b). Model results 

were provided for striped dolphin (Stenella coeruleoalba), short-beaked common dolphin (Delphinus 

delphisύΣ wƛǎǎƻΩǎ ŘƻƭǇƘƛƴ όGrampus griseus), Pacific white-sided dolphin (Lagenorhynchus obliquidens), 

northern right whale dolphin (Lissodelphis borealisύΣ 5ŀƭƭΩǎ ǇƻǊǇƻƛǎŜ όPhocoenoides dalli), sperm whale 

(Physeter macrocephalus), fin whale, blue whale (Balaenoptera musculus), humpback whaleΣ .ŀƛǊŘΩǎ 

beaked whale (Berardius bairdii), and a small beaked whale guild (iƴŎƭǳŘƛƴƎ /ǳǾƛŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ 

[Ziphius cavirostris] and Mesoplodon spp.).  

More recently, ƛƴ ǎǳǇǇƻǊǘ ƻŦ ǘƘŜ bŀǾȅΩǎ tƘŀǎŜ LLL ba{55 ƴŜŜŘǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘ, improved 

methods were used to develop a new set of CCE habitat-based density models that included an 

additional set of survey data collected in 2009 in waters off Southern California (Becker et al., 2016). 

Sighting data from the combined 1991ς2009 survey data enabled the development of models for two 

additional species, long-beaked common dolphin (Delphinus capensis) and common bottlenose dolphin 

(Tursiops truncatus). Within the CCE study area, density predictions for distinct 8-day composites 

covering the entire survey periods (1991ς2009) were averaged to produce spatial grids of average 

species density at 10 km x 10 km resolution, as well as spatially-explicit measures of uncertainty (Becker 

et al., 2016). Final model predictions were provided to the Navy in ArcGIS format and incorporated into 

the NMSDD for their current Phase III analyses. 

Habitat-Based Density Models for Southern California (CalCOFI Models)  

This data source is the top tier (Level 1) in the hierarchy of density data.  

California Cooperative Oceanic Fisheries Investigations (CalCOFI) were formed in 1949 as a partnership 

of the California Department of Fish & Wildlife, National Oceanic and Atmospheric Administration 

(NOAA) Fisheries Service, and Scripps Institution of Oceanography. The original CalCOFI goal was to 

study the ecological aspects of the sardine collapse off California, but the focus has expanded to study 

the physical and biological marine environment off the California coast. CalCOFI cruises are conducted 

quarterly along predetermined track lines off southern and central California, and hydrographic and 

biological data are collected at established water sampling stations as well as while transiting between 

stations (Figure 3-4). Marine mammal sighting data have been collected using line-transect methods on 

the cruises since 2004.  

Becker et al. (2017) used CalCOFI sighting data collected during winter and spring between 2005 and 

2015 to provide the first habitat-based density models for three species with sufficient sample sizes for 

modeling: humpback whale, short-beaked common dolphin, ŀƴŘ 5ŀƭƭΩǎ ǇƻǊǇƻƛǎŜΦ aƻŘŜƭ ǊŜǎǳƭǘǎ ǇǊƻǾƛŘŜŘ 

fine scale (10 km) density predictions for these species during the cool seasons. Density predictions for 

distinct 8-day composites covering the entire survey period (2005ς2015) were averaged to produce 

spatial grids of average species density at 10 km2 resolution, as well as spatially-explicit measures of 

uncertainty (Becker et al., 2017). Final model predictions were provided to the Navy in ArcGIS format 

and incorporated into the NMSDD for their current Phase III analyses. 
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Source: Campbell et al. (2015) 

Figure 3-4: CalCOFI Transect Lines (Solid Black Lines) and Sampling Stations (Red Dots) 

NMFS SWFSC/PIFSC Habitat-Based Density Models for the Central North Pacific (CENPAC Models)  

This data source is the top tier (Level 1) in the hierarchy of density data.  

Habitat-based density models were originally developed for cetaceans in the Central North Pacific based 

on cetacean survey data collected by the SWFSC in 1997ς2006 (Becker et al., 2012c). Cetacean sighting 

data were collected on systematic line-transect surveys in the temperate eastern Pacific, around Hawaii 

and other Pacific Islands, and in the eastern tropical Pacific west of 120 degrees longitude. Habitat 
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variables included temporally dynamic environmental measures (e.g., sea surface temperature, sea 

surface chlorophyll) and more static geographical measures (e.g., distance to land). Models were 

developed for ten cetacean species/species groups (pantropical spotted dolphin [Stenella attenuata], 

spinner dolphin [Stenella longirostris], striped dolphin, rough-toothed dolphin [Steno bredanensis], 

bottlenose dolphin [Tursiops truncatus], false killer whale [Pseudorca crassidens], short-finned pilot 

whale [Globicephala macrorhynchus], sperm whale, BrydeΩǎ ǿƘŀƭŜ [Balaenoptera edeni], ŀƴŘ ŀƴ άƻǘƘŜǊ 

ŘƻƭǇƘƛƴǎέ ƎǊƻǳǇ ǿƘƛŎƘ ƛƴŎƭǳŘŜŘ ǎƘƻǊǘ-beaked common dolphin and Pacific white-sided dolphin). 

Uniform densities were estimated for five additional species/guilds that had too few sightings for 

modeling (RissƻΩǎ ŘƻƭǇƘƛƴΣ ƪƛƭƭŜǊ ǿƘŀƭŜ ώOrcinus orca], pygmy killer whale [Feresa attenuata], Kogia spp., 

and a small beaked whale guild). The resulting species densities were provided to the Navy in ArcGIS 

format for use in their Phase II analyses (U.S. Department of the Navy, 2015).  

More recently, ƛƴ ǎǳǇǇƻǊǘ ƻŦ ǘƘŜ bŀǾȅΩǎ tƘŀǎŜ LLL ba{55 ƴŜŜŘǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘ, spatial 

predictions of cetacean densities and measures of uncertainty were developed using additional survey 

data collected by SWFSC/PIFSC in 2010 within the Hawaiian Islands EEZ and in 2011 and 2012 in waters 

surrounding Palmyra Atoll/Kingman Reef (Forney et al., 2015). The combined 1997ς2012 survey data 

were used to update the previous Central North Pacific models, and new grid-based prediction methods 

provided finer-scale information on the distribution and density of cetaceans in this study area. Final 

model predictions were provided to the Navy in ArcGIS format and incorporated into the NMSDD for 

their current Phase III analyses. 

NMFS SWFSC Line-Transect Density Estimates for the California Current Ecosystem  

This data source is one of the preferred (Level 2) sources of density data in the established hierarchy. 

Summer/Fall Shipboard Surveys. Ship-based line-transect surveys were conducted by NMFS SWFSC in 

their CCE study area from July through November 1991, 1993, 1996, 2001, 2005, and 2008. In 2009, an 

additional line-transect survey was conducted from September to December that focused on waters off 

Southern California. Information on the search effort and number of species sighted during these 

surveys is reported in numerous NMFS SWFSC administrative reports, technical memoranda, and 

peer-reviewed publications.  

Cetacean density estimates for the CCE study area (1,141,800 km2) are typically stratified into four 

geographic regions: waters off (1) Oregon and Washington (322,200 km2 north of 42° north [N]); 

(2) northern California (258,100 km2 south of 42°N and north of Point Reyes at 38°N); (3) central 

California (243,000 km2 between Point Conception at 34.5°N and Point Reyes); and (4) Southern 

California (318,500 km2 south of Point Conception). Barlow and Forney (2007) used a multiple-covariate 

line-transect approach (Marques & Buckland, 2003) to derive uniform density estimates for each of 

these four regions for 19 species, as well as Kogia spp. and Mesoplodon spp. For those species for which 

habitat-density models could not be developed (due to insufficient sample sizes), these stratified 

uniform density estimates were used by the Navy for their Phase II analyses (U.S. Department of the 

Navy, 2015). 
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In the summer and fall of 2014, an additional survey was conducted by SWFSC in the CCE study area. 

The same survey methods and survey design were used as the prior 1991ς2008 surveys, and similar 

analytical methods were used to estimate density for the four geographic regions described above 

(Barlow, 2016). However, the new analysis included new estimates of trackline detection probability 

based on a method developed by Barlow (2015) and incorporated new methods for selecting detection 

function covariates based on results presented by Barlow et al. (2011). In addition, data from the 1991 

to 2008 surveys were re-analyzed using the new methods to provide more accurate estimates (Barlow, 

2016). For those species for which habitat-density models could not be developed (due to insufficient 

sample sizes), these new stratified uniform density estimates were incorporated into the NMSDD and 

used by the Navy for their current Phase III analyses. 

Winter/Spring Aerial Surveys. NMFS SWFSC conducted aerial surveys off California from March to April 

1991 and February to April 1992. The surveys covered waters from the coast offshore to 150 nm 

offshore (Figure 3-5). Forney et al. (1995) provided cetacean density estimates derived by standard 

line-transect analyses; these estimates were stratified by four geographic regions within the aerial 

survey study area. Barlow et al. (2009) provided a summary of the geographically stratified 

winter/spring density estimates derived from these survey data. Although these estimates are based on 

survey data collected more than 20 years ago, for some species they represent the best available 

estimates for the winter/spring season. Rough weather conditions in the CCE make it difficult to collect 

shipboard line-transect data year-round, and few studies have assessed cetacean density and 

distribution in winter and spring. In the absence of more recent data, and for those species for which 

abundance and distribution patterns are known to vary seasonally, these stratified uniform density 

estimates were used by the Navy for their Phase II analyses (U.S. Department of the Navy, 2015).  

More recently, line-transect analyses of data collected during ship surveys off Southern California 

(Campbell et al., 2015) and aerial surveys focused off San Clemente Island (SCI) (Jefferson et al., 2014) 

provide uniform density estimates for selected species in winter/spring. These are described below and 

have been incorporated into the NMSDD and used by the Navy for their current Phase III analyses. 
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 Source: Forney et al. 1995 

Figure 3-5: Completed Transects (Solid Lines) for the Aerial Surveys Conducted by NMFS SWFSC off California in 
MarchςApril 1991 and FebruaryςApril 1992. The geographic strata used for density estimation are shown by 

broken lines, with stratum numbers shown in circles. 

NMFS SWFSC/PIFSC Line-Transect Density Estimates for the Hawaiian Exclusive Economic Zone  

This data source is one of the preferred (Level 2) sources of density data in the established hierarchy. 

NMFS SWFSC conducted a ship-based line-transect survey in summer/fall (AugustςNovember) 2002 

covering U.S. EEZ waters surrounding Hawaii, including all of the Northwest Hawaiian Islands 

(Figure 3-6). Barlow (2006) provided line-transect abundance estimates for 19 cetacean species based 

on a multiple covariate approach (Marques & Buckland, 2003); estimates were stratified based on the 

geographic strata shown in Figure 3-6. For those species for which habitat-density models could not be 

developed (due to insufficient sample sizes), these stratified uniform density estimates were used by the 

Navy for their Phase II analyses (U.S. Department of the Navy, 2015).  
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  Source: Barlow 2006 

Figure 3-6: Study Area for the Shipboard Line-Transect Survey Conducted by NMFS SWFSC in 2002. Bold lines 
show the two strata used for abundance analysis: (1) Main Hawaiian Islands stratum and (2) Outer Exclusive 

Economic Zone stratum. Fine lines show search effort in Beaufort sea states of 0ς2. 

In the summer and fall of 2010, an additional survey was conducted collaboratively by SWFSC and PIFSC 

in the Hawaiian EEZ using the same survey methods and survey design as the prior 2002 survey. A 

multiple-covariate line-transect approach (Marques & Buckland, 2003) was used to derive uniform 

density estimates from these survey data (Bradford et al., 2017). The new analysis also included new 

estimates of trackline detection probability based on a method developed by Barlow (2015). For those 

species for which habitat-density models could not be developed (due to insufficient sample sizes), 

these new uniform density estimates were incorporated into the NMSDD and used by the Navy for their 

current Phase III analyses. 

NMFS SWFSC Line-Transect Density Estimates for the Eastern Pacific Ocean 

This data source is one of the preferred (Level 2) sources of density data in the established hierarchy. 

Ferguson and Barlow (2003) provided broad-scale line-transect abundance estimates for cetaceans in 

the eastern Pacific based on nine NMFS SWFSC shipboard surveys conducted between 1986 and 1996. 

Their study area encompassed more than 25 million km2Σ ŀƴŘ ƛƴŎƭǳŘŜŘ {²C{/Ωǎ //9Σ CENPAC, and 

Eastern Tropical Pacific study areas. Density estimates were stratified geographically by 5-degree 

squares of latitude and longitude (Figure 3-7). Although they are at relatively large spatial resolution, the 

stratified estimates provide density estimates for areas not covered by some of the other published 

reports (e.g., Baja, Mexico), and these stratified uniform density estimates were used by the Navy for 

their Phase II analyses (U.S. Department of the Navy, 2015). 
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 Source: Ferguson and Barlow 2003 

Figure 3-7: Geographic Strata Used by Ferguson and Barlow (2003) for Density Estimation 

The acoustic modeling footprint used for the Phase III analyses is encompassed within strata numbers 

58, 59, 72, and 73 (Figure 3-8). While the majority of stratum 58 is included in the SWFSC CCE study area 

and sighting data included in the analyses by Barlow (2016) and Becker et al. (2016), density and CVs for 

strata numbers 59, 72, and 73 were re-calculated for use in the Phase III analyses. Density estimates 

were corrected for updated g(0) estimates provided by Barlow (2015) using the average Beaufort sea 

state value for on-effort transects within the strata contributing to density estimates and the mean g(0) 

for that Beaufort value (i.e., 3.5). These new uniform density estimates were incorporated into the 

NMSDD and used by the Navy for their current Phase III analyses. 
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Source: Modified from Ferguson and Barlow 2003 

Figure 3-8: SWFSC Geographic Strata Used for HSTT Density Estimation 

Additional Line-Transect Density Estimates for Regions within the HSTT Study Area 

In addition to the National Oceanic and Atmospheric Administration line-transect density estimates 

described above, additional peer-reviewed published studies of designed-based estimates (Level 2; see 

Table 3-1) were used.  

Southern California CalCOFI Ship Surveys. Douglas et al. (2014) provided seasonal density estimates for 

the 11 most commonly encountered cetaceans during 16 CalCOFI surveys conducted between 2004 and 

2008. These estimates were not corrected for animals missed on the trackline and are thus considered 

biased low. Campbell et al. (2015) used line-transect analyses to estimate seasonal density for the six 

most commonly encountered cetaceans (short-beaked common dolphin, Pacific white-sided dolphin, 

5ŀƭƭΩǎ ǇƻǊǇƻƛǎŜΣ ŀƴŘ ōƭǳŜΣ ŦƛƴΣ ŀƴŘ ƘǳƳǇōŀŎƪ ǿƘŀƭŜǎύ ŘǳǊƛƴƎ от /ŀƭ/hCL ǎǳǊǾŜȅǎ ŎƻƴŘǳŎǘŜŘ ōŜǘǿŜŜƴ 

2004 and 2013. Campbell et al. (2015) applied correction factors for trackline detection probability that 

were derived for SWFSC ship surveys (Barlow, 1995). Given the different observer configuration on the 

CalCOFI surveys (two observers searching for animals with 7x binoculars compared to three observers, 

two that use 25X binoculars, on the SWFSC surveys), the Campbell et al. (2015) estimates are still likely 
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biased low. However, they currently provide the most recent winter/spring estimates for Pacific white-

sided dolphin, blue whale, and fin whale in Southern California waters. 

Southern California Bight/San Clemente Island Aerial Surveys. Navy-funded aerial surveys were 

conducted in the vicinity of SCI from 2008 to 2013 (Figure 3-9). Jefferson et al. (2014) used aerial survey 

data collected from 2008 to 2013 to estimate density for marine mammal species in two main survey 

areas (Santa Catalina and San Nicolas Basins) in the Southern California Bight. Density estimates were 

stratified by warm (MayςOctober) and cool (NovemberςApril) seasons.  

 

Source: Jefferson et al. (2014) 

Figure 3-9: SWFSC Geographic Strata Used for HSTT Density Estimation 

NMFS Stock Assessment Reports for the Pacific  

This data source is one of the preferred (Level 3) sources of density data in the established hierarchy. 

In addition to the above, density estimates are available from NMFS Stock Assessment Reports for the 

Pacific (Carretta et al., 2017) and Alaska (Muto et al., 2017). These Stock Assessment Reports provide 

uniform abundance estimates for recognized stocks of marine mammals within broad geographic strata. 
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3.3.2 LEVEL 4ɀLEVEL 5 DATA SOURCES 

The Level 4ς5 data sources are the least preferred sources of density data as noted in Table 3-1. These 

data sources are based on environmental suitability models. (Note that a Level 5 density source, 

Kaschner et al. (2006) is described first below, because the Level 4 source, SMRU Ltd. (2012) is based on 

improvements to the Kaschner et al. (2006) models). 

Kaschner et al. Marine Mammal Density Models 

This data source is one of the least preferred (Level 5) sources of density data in the established 

hierarchy.  

Based on a synthesis of existing observations about the relationships between basic environmental 

conditions and species presence, Kaschner et al. (2006) used environmental suitability models to predict 

the average annual range of a marine mammal species on a global level. Habitat preferences were based 

on sea surface temperature, bathymetry, and distance to nearest land or ice edge. These data were then 

used to characterize species distribution and relative concentration on a global oceanic scale at 0.5° grid 

cell resolution. To transform the RES values to density estimates, published global population estimates 

were used to compute a mean annual global population estimate. Kaschner et al. (2006) then prorated 

the global abundance estimates using the RES values as an index of relative concentration (i.e., so that if 

one was to sum up all of the cells, the result would be the mean global population). One of the 

disadvantages of this method is that it is difficult to validate the results because much of the area 

covered has never been surveyed and uncertainty was qualitatively assessed. In the Pacific, Kaschner 

et ŀƭΦΩǎ (2006) predicted distributions for many species do not correspond well with known distributions 

(Ferguson et al., 2011). Some of the discrepancies between the Kaschner et al. (2006) model predictions 

and known species distributions could be due to the difference between the άfundamental nicheέ and 

the άrealized nicheέ (Hutchinson, 1957); the fundamental niche describes all environments that permit a 

species to survive, while the realized niche is the species-observed distribution which results from 

interspecific and intraspecific dynamics, interactions with the physical environment, and historical 

events. 

Sea Mammal Research Unit Limited (SMRU Ltd.) Marine Mammal Density Model 

This data source is one of the least preferred (Level 4) sources of density data in the established 

hierarchy. 

SMRU Ltd. developed a global density model using a different approach for 45 species of marine 

mammals (SMRU Ltd., 2012). The SMRU Ltd. model used the seasonally defined RES values (Kaschner et 

al., 2006) described above and developed a relationship between the RES values and empirical density 

data in order to generate predictions of density for locations where no surveys have been conducted. A 

thorough literature search for survey data was undertaken to identify ship-based and/or aerial surveys 

of marine mammals. Survey data were collated on a global level and included surveys since 1980, 

although most surveys included in the analysis were post-1990. Models relating density (from surveys) 

to RES values were constructed using Generalized Linear Models. Initial model fitting used only the 
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summer season data for the Northern and Southern hemispheres. The summer RES values were passed 

through the fitted equations to give predicted densities for all 0.5° grid-cells. This, coupled with 

database values for the area of water within each cell, gave a άglobal abundanceέ estimate. Seasonal 

predictions were made by allocating this global abundance in accordance with the seasonal RES values 

and the model coefficients. This approach ensured that the total global abundance of a species did not 

change between seasons. The advantage of this approach over the Kaschner et al. (2006) models is that 

SMRU Ltd. used actual density data from a number of sources and developed a model fit to the RES 

value to make the predictions. This method allowed for the uncertainly in each cell to be quantitatively 

assessed, which was not possible with the Kaschner et al. (2006) model. For the purpose of 

environmental impact assessment, when available, this method of density estimation is preferred over 

Kaschner et al.Ωǎ (2006) density model.
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4 ).$)6)$5!, 30%#)%3ȭ DENSITY PROFILES 
The remainder of this document provides the density profiles that are being used by the Navy for 

modeling the potential exposure of each species to Navy sound sources in the HSTT Study Area based on 

the data sources and selection methods described in Sections 2 and 3. Species are presented in groups 

of related taxa: baleen whales, sperm whales, delphinids, porpoises, beaked whales, pinnipeds, and sea 

turtles. Within each group, species are presented in alphabetical order by their scientific name; hence, 

the scientific names are presented before the common names. This organization scheme keeps closely-

related species together. Information on which species are found in the HSTT Study Area is provided in 

Table 4-1. All species included in Table 4-1 had density estimates revised and updated for Phase III, 

either for the entire species and all seasons, for specific stocks or geographic areas (HRC, SOCAL), or for 

select seasons. Given the representative acoustic modeling study areas established for HSTT Phase III, 

the Navy was able to eliminate the use of all Level 4ς5 data sources (i.e., the least preferred sources of 

density data as noted in Table 3-1), thereby improving the quality and reducing the uncertainty of data 

used for Phase III acoustic modeling. 

There are three elements in each species profile: (1) species-specific information related to stock 

structure and detection in the field, (2) information on the density data used for different regions within 

the HSTT Study Area, and (3) maps of the estimated species density in the Study Area. Each of these 

elements is described in more detail below. In a few cases, one of the elements may be expanded or 

removed based on special circumstances for that species. 

4.1 SPECIES DESCRIPTIONS 

For each species, a brief description of the general appearance and notable identifying characteristics is 

provided. The description is not meant to be a detailed profile of the species, but conveys the ease or 

challenges of detecting and identifying the species in the field. This information provides a context for 

the information on species presence. Species that have a low likelihood of being seen or a high 

likelihood of being confused with other species lead to higher levels of uncertainty in estimates of their 

density. Scientists are often conservative in classifying a marine mammal or sea turtle seen in the field, 

unless there is a high level of certainty. This conservative approach leads to observations that cannot be 

positively classified to species and thus fall into general ƎǊƻǳǇǎ ǎǳŎƘ ŀǎ άǳƴƛŘŜƴǘƛŦƛŜŘ ƭŀǊƎŜ ŎŜǘŀŎŜŀƴέ ƻǊ 

guilds such ŀǎ άKogia ǎǇŜŎƛŜǎέ όŦƻǊ ǘƘŜ ǇȅƎƳȅ ǎǇŜǊƳ ǿƘŀƭŜ ώKogia breviceps] and dwarf sperm whale 

[Kogia sima]). Those species that are more difficult to sight or identify are more likely than others to 

have large number of observations fall into the general groups. Challenges to identifying animals in the 

field can thus be an impediment to obtaining enough sighting data to enable the estimation of 

species-specific density or abundance; in these cases, density is sometimes estimated for broader taxa 

όŜΦƎΦΣ άǎƳŀƭƭ ōŜŀƪŜŘ ǿƘŀƭŜǎΣέ Mesoplodon spp.). 

Within each species description, information on stocks recognized by NMFS and the International 

Whaling Commission (IWC) (for large whales) is also presented. Stocks are the management unit used by 

NMFS (Carretta et al., 2017) for most species; however, NMFS has recently identified distinct population 

segments (DPSs) for a few species to refine management and listing under the ESA (e.g., humpback 

whales and green sea turtles). For those stocks and DPSs that are Threatened or Endangered, the Navy 
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needs to be aware of stock structure and the likelihood of interacting with a particular stock or DPS. 

When an individual marine mammal or sea turtle is observed, it may be quite difficult to define which 

stock or DPS it belongs to if the geographic ranges of two or more stocks overlap, as it does for species 

such as killer whales and bottlenose dolphins. When possible, densities are provided for specific stocks, 

but for the majority of cases, densities are reported for the species as a whole. 

Table 4-1: Species with Hawaii-Southern California Training and Testing Study Area Density Estimates Included in 
the NMSDD Phase III1 

Taxonomic Name Common Name HSTT HRC HSTT SOCAL 

Cetaceans (Order Cetacea) 

Baleen Whales (Suborder Mysticeti) 

Balaenoptera acutorostrata Common or dwarf minke whale X X 

Balaenoptera borealis Sei whale X X 

Balaenoptera edeni .ǊȅŘŜΩǎ ǿƘŀƭŜ X X 

Balaenoptera musculus Blue whale X X 

Balaenoptera physalus Fin whale X X 

Eschrichtius robustus Gray whale  X 

Megaptera novaeangliae Humpback whale X X 

Toothed Whales (Suborder Odontoceti) 

Sperm Whales (Family Physeteridae [sperm whale] and Family Kogiidae [pygmy and dwarf sperm whale]) 

Kogia breviceps Pygmy sperm whale X X2 

Kogia sima Dwarf sperm whale X X2 

Physeter macrocephalus Sperm whale X X 

Dolphins (Family Delphinidae) 

Delphinus capensis Long-beaked common dolphin  X 

Delphinus delphis Short-beaked common dolphin  X 

Feresa attenuata Pygmy killer whale X  

Globicephala macrorhynchus Short-finned pilot whale X X 

Grampus griseus wƛǎǎƻΩǎ ŘƻƭǇƘƛƴ X X 

Lagenodelphis hosei CǊŀǎŜǊΩǎ ŘƻƭǇƘƛƴ X  

Lagenorhynchus obliquidens Pacific white-sided dolphin  X 

Lissodelphis borealis Northern right whale dolphin  X 

Orcinus orca Killer whale X X 

Peponocephala electra Melon-headed whale X  

Pseudorca crassidens False killer whale X  

Stenella attenuata Pantropical spotted dolphin X  

Stenella coeruleoalba Striped dolphin X X 

Stenella longirostris Spinner dolphin X  

Steno bredanensis Rough-toothed dolphin X  

Tursiops truncatus Common bottlenose dolphin X X 
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Taxonomic Name Common Name HSTT HRC HSTT SOCAL 

Porpoises (Family Phocoenida) 

Phocoenoides dalli 5ŀƭƭΩǎ ǇƻǊǇƻƛǎŜ  X 

Beaked Whales (Family Ziphiidae) 

Berardius bairdii .ŀƛǊŘΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ  X 

Indopacetus pacificus [ƻƴƎƳŀƴΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ X  

Mesoplodon carlhubbsi HubbsΩ beaked whale  X3 

Mesoplodon densirostris .ƭŀƛƴǾƛƭƭŜΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ X X3 

Mesoplodon ginkgodens Ginkgo-toothed beaked whale  X3 

Mesoplodon perrini tŜǊǊƛƴΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ  X3 

Mesoplodon peruvianus Pygmy beaked whale  X3 

Mesoplodon stejnegeri Stejneger's beaked whale  X3 

Ziphius cavirostris CǳǾƛŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ X X3 

Pinnipeds (Order Carnivora4, Suborder Pinnipedia) 

Arctocephalus townsendi Guadalupe fur seal  X 

Callorhinus ursinus Northern fur seal  X 

Mirounga angustirostris Northern elephant seal  X 

Neomonachus schauinslandi Hawaiian monk seal X  

Phoca vitulina Harbor seal  X 

Zalophus californianus California sea lion  X 

Sea Turtles (Order Testudines, Suborder Cryptodira) 

Chelonia mydas Green sea turtle X4 X 

Eretmochelys imbricata Hawksbill sea turtle X4  

Caretta caretta Loggerhead sea turtle X4  

Lepidochelys olivacea Olive ridley sea turtle X4  

Dermochelys coriacea Leatherback sea turtle X4 X1 

1 Species for which existing data do not support the derivation of study-area specific density estimates do not have values 
included in the NMSDD Phase III. They are indicated in the table as an acknowledgement of possible occurrence without 
a density assigned. Blank cells indicate lack of expected regular occurrence within a given area. 
2 Study Area density estimates are represented by a genus (Kogia spp.). 
3 {ǘǳŘȅ !ǊŜŀ ŘŜƴǎƛǘȅ ŜǎǘƛƳŀǘŜǎ ŀǊŜ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ŀ ǎƳŀƭƭ ōŜŀƪŜŘ ǿƘŀƭŜ ƎǳƛƭŘ όƛƴŎƭǳŘŜǎ /ǳǾƛŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ ŀƴŘ 

beaked whales of the genus Mesoplodon). 

 4 Study Area density estimates are represented by ŀ άǎŜŀ ǘǳǊǘƭŜ ƎǳƛƭŘέ ό{ŜŎǘƛƻƴ мн.1.6). 

4.1.1 SPECIES CONSIDERED BUT NOT INCLUDED 

Spatially explicit, absolute at-sea density estimates of the type needed for quantitative analysis of 

impacts are not available for several taxa of concern to the Navy and trustee agencies, specifically 

ESA-listed sea birds and ESA-listed marine fishes.  

To the Navy's knowledge, the data needed to create spatially-explicit, absolute at-sea density estimates 

for the three ESA-listed fish species, scalloped hammerhead shark (Sphyrna lewini), steelhead 

(Oncorhynchus mykiss), and Gulf grouper (Mycteroperca jordani), in the HSTT Study Area do not exist 
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nor could they be readily created. As such, density estimates for fishes are not included in this technical 

report. 

Little or no telemetry data are available for the five ESA-listed sea birds expected to be in offshore areas 

of the HSTT Study Area, the California least tern (Sternula antillarum browni), Hawaiian petrel 

(Pterodroma sandwichensis), short-tailed albatross (Phoebastria albatrus), marbled murrelet 

(Brachyramphus marmoratusύΣ ŀƴŘ bŜǿŜƭƭΩǎ ǎƘŜŀǊǿŀǘŜǊ όPuffinus auricularis newelli), though population 

estimates do exist for some of these species. However, without robust information on distribution 

patterns, too many assumptions would need to be made to produce reasonable density estimates for 

these species and, as such, they are excluded from this report. Further, even though population 

estimates exist for some of these species, they do not provide specific in-water density estimates 

needed for the NMSDD. USFWS has produced relative density models for guilds of sea birds, but these 

relative abundance models cannot be used for quantitative take estimation. 

4.2 DENSITY DATA FOR THE HSTT STUDY AREA 

4.2.1 TABLES 

Information on the sources of density data are summarized in the text. The density values used in the 

NMSDD Phase III are reported in a table that appears in each species description. Due to the different 

sources of density data and their inherent limitations, the precision of the density estimates is variable. 

Specific uniform density values are provided for designed-based estimates. If a quantitative density 

range is provided, this indicates that more than one uniform density estimate was applied to the region 

(e.g., where there may be stratified density estimates applicable to different portions of the region). For 

density spatial models or RES models for which density values vary throughout the range, a letter is used 

to indicate the model source. In all cases, given the different data sources and their associated spatial 

resolution, the table should be viewed concurrently with the density maps (Section 4.2.2).  

The majority of density estimates used in the NMSDD Phase III come from the sources and methods 

described in Sections 2 and 3 of this document. In some cases, density for a particular species could not 

be characterized by the data available from these sources. In those cases, information from scientific 

literature was used to derive a density estimate. This method relied mainly on information provided in 

peer-reviewed publications. In all cases the data sources were prioritized based on the descriptions in 

Sections 2.2.1 and 3.2 to ensure consistency with the hierarchical approach established to select density 

values. 

In some cases, the Navy has the most comprehensive and recent data on the presence of a species in a 

range complex. For example, the Navy has been collecting data on sea turtles in locations within HRC for 

more than a decade. The data are collected for natural resource management purposes and to satisfy 

the requirement of the Sikes Act (16 United States Code [U.S.C.] §670aς670o) to maintain an Integrated 

Natural Resource Management Plan (INRMP) for each installation and associated submerged lands 

operated by the Department of Defense. In these cases, the NavȅΩǎ Řŀǘŀ ǿŜǊŜ ŀƴŀƭȅȊŜŘ ŦƻǊ ƛƴŎƭǳǎƛƻƴ ƛƴ 

the NMSDD Phase III. 
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4.2.2 MAPS 

Maps from the Geographic Information System database used in NMSDD Phase III are provided for each 

species. Maps are only supplied for areas where a species is expected to occur. If a species does not 

occur in an area, a map will not be provided. For example, gray whales (Eschrichtius robustus) do not 

occur in HRC, but they do migrate through SOCAL. Therefore, there are gray whale density maps for 

SOCAL, but not a map for HRC. As noted in Section 3.2, shapefiles for the NMSDD Phase III are currently 

stratified by four seasons; however, density data are rarely available at this temporal resolution. 

Therefore, for some species there may be a map for every season but, for many species, seasons will be 

combined or there will only be one annual map. If there is a difference in density values between 

seasons in the study areas, then a map will be provided for the seasons that differ. Seasons whose 

predicted densities are the same will be combined into one map that is labelled appropriately. Maps are 

not provided for seasons for which study area densities are expected to be zero. 

Density data for the Phase III analyses were updated specifically for the acoustic modeling study areas 

and not for the entirety of HRC and SOCAL. As noted in Section 2.2.1, this strategy allowed the Navy to 

eliminate the least preferred sources of density data, thereby improving the quality and reducing the 

uncertainty of data used for Phase III acoustic modeling. As described in Section 3.1, two modeling study 

areas were established that encompassed each of the main OPAREAs, as well as three representative 

transit corridor study areas. The boundaries of these modeling study areas are shown in white on each 

of the maps, and labŜƭŜŘ ŀŎŎƻǊŘƛƴƎƭȅ όƛΦŜΦΣ άIw/ 5Ŝƴǎƛǘȅ 9ȄǘŜƴǘ,έ ά{ƻǳǘƘŜǊƴ /ŀƭƛŦƻǊƴƛŀ 5Ŝƴǎƛǘȅ 9ȄǘŜƴǘ,έ 

ŀƴŘ ά¢Ǌŀƴǎƛǘ /ƻǊǊƛŘƻǊ wŜǇǊŜǎŜƴǘŀǘƛǾŜ {ǘǳŘȅ !ǊŜŀέύΦ In addition to the specific acoustic modeling study 

areas, density estimates available for the entirety of HRC and SOCAL are also shown on the maps. For 

some portions of HRC and SOCAL, values from the least preferred sources (i.e., the RES models) remain. 

While for some species these data differ substantially from the updated Phase III data shown for the 

acoustic modeling study areas, the Phase II data were not used in the current acoustic analyses, but are 

portrayed on the density figures for completeness. Since the range of density values displayed on the 

map legends represents the range of density values throughout the HSTT Study Area, the density values 

must be viewed in the context of the range of density estimates for each species.  

The maps of species density should be interpreted with caution. Since the global models predict habitat 

suitability, they may not be consistent with values based on field data. Even designed-based and spatial 

models may differ by orders of magnitude at the borders of their predictive areas, because of 

differences in assumptions, ecological variables used in the models, and other factors. These differences 

between data sources can cause incongruities in density values displayed on maps. Ultimately, the Navy 

is most concerned with having the highest quality data in the areas where Navy exercises take place and 

where animals may be exposed to sound generated from Navy activities. For many of these areas, 

marine mammal and sea turtle densities are currently characterized in a satisfactory manner by the 

models available; however, there are ongoing efforts to improve density datasets, and the Navy will 

incorporate improved estimates into the NMSDD as they become available. 

To ensure consistent representation throughout the report, a density classification scheme was 

developed for each species across all project areas and all seasons, so that readers can compare 
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estimates. This species-specific classification system ensures that density values for each species are 

accounted for in one layer using Natural Breaks with 7 density classes. As noted in Section 4, the density 

table should be viewed concurrently with the density maps, particularly if one is interested in a specific 

value that may be presented in the table but represented by a range of values on the map. 

The HSTT Study Area is depicted in two separate maps (one that shows the western portion of the Study 

Area, including HRC, and one that shows the eastern portion, including SOCAL). Representative transit 

corridor study areas, one in the eastern portion and two in the western portion of the HSTT Study Area, 

were selected along the transit corridor to represent the range of different habitats that could occur. 

These areas are ƭŀōŜƭŜŘ ŀǎ άTransit Corridor: Representative Study Areaέ and assigned specific density 

estimates. 
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5 BALEEN WHALES 

5.1 BALEEN WHALES SPECIES PROFILES 

5.1.1 BALAENOPTERA ACUTOROSTRATA, COMMON AND DWARF MINKE WHALE 

Minke whales are a species whose presence can be challenging to quantify, because they are difficult to 

observe on visual surveys. They can move quickly over sustained distances (Ford et al., 2005), their blow 

is cryptic and relatively small, and they do not raise their flukes when diving (Jefferson et al., 2015; 

Leatherwood et al., 1988). In some cases, they do approach ships, affording good identification 

(Leatherwood et al., 1988; Perrin et al., 2009). Common minke whales are the smallest baleen whale in 

the North Pacific (Leatherwood et al., 1988). Their body shape is distinctive for a rorqual whale, because 

they have a sleek body and a pointed head. Their dorsal fin is tall and falcate for a baleen whale. The 

coloration is distinctive with a dark back, white belly, swathes and streaks of intermediate color on the 

sides, and a white band on the pectoral fins (Jefferson et al., 2015; Leatherwood et al., 1988). Dwarf 

minke whales, which occur only in the Southern Hemisphere, have an all-white pectoral fin and the 

white extends onto the shoulder (Jefferson et al., 2015). At a distance the species could be mistaken for 

other baleen whales, such as a fin whale, sei whale (Balaenoptera borealis), ƻǊ .ǊȅŘŜΩǎ ǿƘŀƭŜ (Jefferson 

et al., 2015; Leatherwood et al., 1988). If only the back is seen, the species could also be mistaken for a 

beaked whale (Jefferson et al., 2015; Leatherwood et al., 1988).  

The IWC recognizes three stocks of minke whales in the North Pacific: (1) the Sea of Japan/East China 

Sea, (2) the rest of the western Pacific west of 180°bΣ ŀƴŘ όоύ ǘƘŜ άǊŜƳŀƛƴŘŜǊ ƻŦ ǘƘŜ tŀŎƛŦƛŎέ (Donovan, 

1991). These broad designations basically reflect a lack of knowledge about the population structure of 

minke whales in the North Pacific (Carretta et al., 2017). NMFS has designated three stocks of minke 

whale in the North Pacific: (1) the Hawaii stock, (2) the California/Oregon/Washington stock, and (3) the 

Alaska stock (Carretta et al., 2017). ¢ƘŜ ǘƘǊŜŜ baC{ ǎǘƻŎƪǎ ǇǊƛƳŀǊƛƭȅ Ŧŀƭƭ ƛƴǘƻ ǘƘŜ L²/Ωǎ άǊŜƳŀƛƴŘŜǊ ƻŦ 

the PaŎƛŦƛŎέ ǎǘƻŎƪΦ 5ensity values for the HSTT Study Area are presented for the species as a whole. 

While animals in SOCAL or HRC could presumably be assigned to a stock, animals in the transit corridor 

could belong to the Hawaiian stock or California/Oregon/Washington stock.  

HRC. Minke whales are heard regularly during the winter around Kauai (Rankin & Barlow, 2007) and on 

the hydrophone array at Pacific Missile Range Facility (Martin & Kok, 2011; Martin et al., 2015), but they 

are observed extremely rarely on vessel or aerial surveys. This difficulty in observation probably 

accounts for the fact that very little data are available to describe this species distribution in HRC and 

the western half of the transit corridor. For the Phase III analyses, the Navy used a density estimate of 

0.00423 animals/km2 (CV = NA) that was acoustically derived from hydrophones using correction factors 

for autumn, winter, and spring (Martin, 2015; Martin & Matsuyama, 2015). These data represent an 

improvement to the NMSDD from Phase II, when RES data from Kaschner et al. (2006) were used for 

these seasons. RES data from Kaschner et al. (2006) are shown in the remainder of HRC outside the 

boundaries of the acoustic modeling study areas. 

Minke whales are thought to be more abundant in HRC during the cool seasons (Barlow, 2006). Some 

degree of cool season presence in HRC would follow the pattern of some other baleen whales species 
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such as humpback, fin, and sei whales (Barlow, 2006; Craig & Herman, 1997). In the summer, minke 

whales are likely absent from low-productivity tropical waters (Jefferson et al., 2015; Perrin et al., 2009). 

During two separate line-transect surveys of the Hawaii EEZ during summer and fall, minke whales were 

only seen and/or acoustically detected during the fall months (Barlow, 2006; Bradford et al., 2017). 

Therefore, a density of zero is used for summer in HRC and the western portion of the transit corridor.  

SOCAL. Density values for minke whales are available for SOCAL for all seasons from SWFSC reports, 

memoranda, and scientific literature. In the winter and spring, the density of minke whales is estimated 

as 0.00028 animals/km2 off of the entire coast of California (this value is reported as 0.0003 animals/km2 

in Forney et al. (1995) and is restated as 0.00028 animals/km2 (CV = 0.62) in Barlow et al. (2009). In the 

summer and fall, minke whale density increases to 0.00068 animals/km2 (CV = 1.60) in waters off 

Southern California (Barlow, 2016). This provides an update to the density estimate used previously in 

ǘƘŜ bŀǾȅΩǎ tƘŀǎŜ LL ŀƴŀƭȅǎŜǎ ŀǎ the updated Barlow (2016) estimate is based on a multiple-covariate line-

transect approach using survey data collected between 1991 and 2014 and incorporates new estimates 

of trackline detection probability derived by Barlow (2015). Ferguson and Barlow (2003) provide density 

values for areas off Baja. CƻǊ ǘƘŜ bŀǾȅΩǎ tƘŀǎŜ LLL ŀƴŀƭȅǎŜǎΣ the Ferguson and Barlow (2003) density 

estimates and CVs were recalculated based on the extent of the acoustic modeling footprint and 

resulted in a minke whale density estimate of 0.00061 (CV = 0.51). In the Baja area, the same value is 

used for all seasons.  

Table 5-1: Summary of Density Values for Minke Whale in the Hawaii-Southern California Training and Testing 
Study Area 

Location Spring Summer Fall Winter 

HRC 0.00423 0 0.00423 0.00423 

W. Transit Corridor 0.00423 0 0.00423 0.00423 

E. Transit Corridor 0.00028 0.00068 0.00068 0.00028 

SOCAL 0.00028 0.00068 0.00068 0.00028 

Baja 0.00061 0.00061 0.00061 0.00061 

The units for numerical values are animals/km2. 0 = species is not expected to be present; S = spatial model with various 

density values throughout the range. 
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Figure 5-1: Annual Distribution of Minke Whale in HRC and the Western Portion of the Transit Corridor 
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Figure 5-2: Winter/Spring Distribution of Minke Whale in SOCAL and the Eastern Portion of the Transit Corridor 
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Figure 5-3: Summer/Fall Distribution of Minke Whale in SOCAL and the Eastern Portion of the Transit Corridor 
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5.1.2 BALAENOPTERA BOREALIS, SEI WHALE 

Sei whales are relatively large, dark-colored baleen whales. Sei whales are more common in colder 

waters, and are nearly absent from tropical zones, particularly in the summer (Jefferson et al., 2015; 

Perrin et al., 2009). They are a species that can be difficult to identify positively from a distance, because 

ƻŦ ǘƘŜƛǊ ǎǳǇŜǊŦƛŎƛŀƭ ǎƛƳƛƭŀǊƛǘȅ ǘƻ Ŧƛƴ ŀƴŘ .ǊȅŘŜΩǎ ǿƘales (Jefferson et al., 2015; Leatherwood et al., 1988). 

For this reason, sei whales may often be underrepresented in data from visual surveys; with their 

identity unresolved, they are relegated to the άunidentified rorqualέ ƻǊ άunidentified large whaleέ 

categories. NMFS recognizes two stocks of sei whales in the U.S. Pacific, the Eastern North Pacific stock 

and the Hawaii stock (Carretta et al., 2017). Density values for the HSTT Study Area are presented for 

the species as a whole. While animals in SOCAL or HRC could presumably be assigned to a stock, animals 

in the transit corridor could belong to the either stock.  

HRC. Sei whales are seen infrequently near HRC, and are reported to be more abundant in the area 

during the cool seasons (Barlow, 2006). Bradford et al. (2017) report a uniform density value for sei 

whales of 0.00016 animals/km2 (CV = 0.90) that is applicable to the HRC study area and western portion 

of the transit corridor. This provides an update to the density estimate used previously in the NaǾȅΩǎ 

Phase II analyses as it is based on multiple-covariate line-transect analyses of survey data collected in 

the Hawaiian Islands EEZ in 2010 and incorporates new estimates of trackline detection probability 

derived by Barlow (2015). This value is used for winter, spring, and fall. Outside the boundaries of the 

acoustic modeling study areas are density data used in the Phase II analyses, including a uniform 

estimate from Barlow et al. (2009) that is similar to the Bradford et al. (2017) estimate, as well as 

Kaschner et al. (2006) predicted RES values in the northern portion of HRC. 

In the summer, sei whales are likely absent from low productivity tropical waters (Jefferson et al., 2015), 

and during two separate line-transect surveys of the Hawaiian Islands EEZ during summer and fall, sei 

whales were only seen during the fall months (Barlow, 2006; Bradford et al., 2017). Therefore, a density 

of zero is used for summer in HRC and western portion of the transit corridor.  

SOCAL. Density values for sei whales are available for SOCAL from scientific literature. In the summer 

and fall, Barlow (2016) provides a sei whale density estimate of 0.00005 animals/km2 (CV = 0.85) for 

waters off central and Southern California. This provides an update to the density estimate used 

ǇǊŜǾƛƻǳǎƭȅ ƛƴ ǘƘŜ bŀǾȅΩǎ tƘŀǎŜ LL ŀƴŀƭȅǎŜǎ ŀǎ the updated Barlow (2016) estimate is based on a multiple-

covariate line-transect approach using survey data collected between 1991 and 2014 and incorporates 

new estimates of trackline detection probability derived by Barlow (2015). This number is also applied to 

SOCAL in winter/spring and to all seasons in waters off Baja since no season- or region-specific values 

were available in the literature. Outside the boundaries of the acoustic modeling study areas, RES data 

from Kaschner et al. (2006) are shown for the remainder of the SOCAL Range Complex. 
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Table 5-2: Summary of Density Values for Sei Whale in the Hawaii-Southern California Training and Testing Study 
Area 

Location Spring Summer Fall Winter 

HRC 0.00016 0 0.00016 0.00016 

W. Transit Corridor 0.00016 0 0.00016 0.00016 

E. Transit Corridor 0.00005 0.00005 0.00005 0.00005 

SOCAL 0.00005 0.00005 0.00005 0.00005 

Baja  0.00005 0.00005 0.00005 0.00005 

The units for numerical values are animals/km2. 0 = species is not expected to be present; S = spatial model with various 

density values throughout the range. 
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Figure 5-4: Fall/Winter/Spring Distribution of Sei Whale in HRC and the Western Portion of the Transit Corridor 
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Figure 5-5: Annual Distribution of Sei Whale in SOCAL and the Eastern Portion of the Transit Corridor 
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5.1.3 BALAENOPTERA EDENI, BRYDEȭS WHALE 

Bryde's whale is a baleen whale typically found only in tropical and warm temperate waters (Kato & 

Perrin, 2009; Leatherwood et al., 1988). Off Southern California, sightings and acoustic detections have 

increased over the last 10 years (Kerosky et al., 2012; Smultea et al., 2012), indicating a potential 

northern shift in distribution (Kerosky et al., 2012)Φ .ǊȅŘŜΩǎ ǿƘŀƭŜǎ ƘŀǾŜ ōŜŜƴ ǎƛƎhted and acoustically 

detected in Southern California waters in all seasons, although they are most common in summer and 

fall (Barlow & Forney, 2007; Barlow, 2016; Debich et al., 2015; Kerosky et al., 2012; Smultea et al., 2012). 

.ŀǎŜŘ ƻƴ ŀŎƻǳǎǘƛŎ ŘŜǘŜŎǘƛƻƴǎ ƛǘ Ƙŀǎ ǊŜŎŜƴǘƭȅ ōŜŜƴ ŎƻƴŦƛǊƳŜŘ ǘƘŀǘ .ǊȅŘŜΩǎ ǿƘŀƭŜǎ ŀƭǎƻ ƻŎŎǳǊ ƛƴ Iŀǿŀƛƛŀƴ 

waters year-round (Helble et al., 2016; Martin & Matsuyama, 2015). .ǊȅŘŜΩǎ whales can be difficult to 

identify positively from a distance, because of their superficial similarity to sei ŀƴŘ hƳǳǊŀΩǎ whales 

(Jefferson et al., 2015). Positive identification of the species requires a clear view of three rostral ridges 

in front of the blowhole. The difficulty of observing this feature is confounded by the fact that .ǊȅŘŜΩǎ 

whales are rapid swimmers and are not easy to view closely from a vessel (Jefferson et al., 2015; 

Leatherwood et al., 1988). For these reasons, .ǊȅŘŜΩǎ whales may often be underrepresented in data 

from visual surveys; they are included primarily in the άunidentified rorqualέ or άunidentified large 

whaleέ categories. NMFS recognizes two stocks of .ǊȅŘŜΩǎ whales in the U.S. Pacific, the Eastern Tropical 

Pacific stock and the Hawaii stock (Carretta et al., 2017). Density values for the HSTT Study Area are 

presented for the species as a whole. While animals in SOCAL or HRC could presumably be assigned to a 

stock, animals in the transit corridor could belong to either stock. The IWC recognizes a complex suite of 

.ǊȅŘŜΩǎ ǿƘŀƭŜ stocks in the Pacific; there are three stocks the North Pacific (eastern, western, and East 

China Sea), three stocks in the South Pacific (eastern, western and Solomon Islands), and one cross-

equatorial stock, called the Peruvian stock (Carretta et al., 2017). 

HRC. The Phase II NMSDD included the first CENPAC habitat-ōŀǎŜŘ ŘŜƴǎƛǘȅ ƳƻŘŜƭ ŦƻǊ .ǊȅŘŜΩǎ ǿƘŀƭŜǎ 

based on systematic survey data collected from 1997 to 2006 (Becker et al., 2012c). More recently, 

Forney et al. (2015) updated the CENPAC habitat-based models of cetacean densities using additional 

survey data collected within the Hawaiian Islands EEZ in 2010 and in waters surrounding Palmyra 

Atoll/Kingman Reef in 2011 and 2012. In addition, improved modeling methods were used that allowed 

model predictions to be applied directly on a 25 km × 25 km spatial grid. These models cover the entire 

HRC and provide representative density values for the two western transit corridor study areas. The 

updated CENPAC .ǊȅŘŜΩǎ ǿƘŀƭŜ spatial model was applied to all seasons for HRC and the transit 

corridor. 

SOCAL. Barlow (2016) ǇǊƻǾƛŘŜǎ ŀ .ǊȅŘŜΩǎ ǿƘŀƭŜ ŘŜƴǎƛǘȅ ŜǎǘƛƳŀǘŜ ƻŦ 0.00002 animals/km2 (CV = 1.05) for 

waters off central and Southern California in summer and fall. This provides an update to the density 

ŜǎǘƛƳŀǘŜ ǳǎŜŘ ǇǊŜǾƛƻǳǎƭȅ ƛƴ ǘƘŜ bŀǾȅΩǎ tƘŀǎŜ LL ŀƴŀƭȅǎŜs as the updated Barlow (2016) estimate is based 

on a multiple-covariate line-transect approach using survey data collected between 1991 and 2014 and 

incorporates new estimates of trackline detection probability derived by Barlow (2015). This number is 

also applied to SOCAL in winter/spring and to all seasons in waters off Baja since no season- or region-

specific values were available in the literature. 
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Table 5-3: Summary of DŜƴǎƛǘȅ ±ŀƭǳŜǎ ŦƻǊ .ǊȅŘŜΩǎ ²ƘŀƭŜ in the Hawaii-Southern California Training and Testing 
Study Area 

Location Spring Summer Fall Winter 

HRC S S S S 

W. Transit Corridor S S S S 

E. Transit Corridor 0.00002 0.00002 0.00002 0.00002 

SOCAL 0.00002 0.00002 0.00002 0.00002 

Baja 0.00002 0.00002 0.00002 0.00002 

The units for numerical values are animals/km2. S = spatial model with various density values throughout the range. 
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Figure 5-6: Annual Distribution oŦ .ǊȅŘŜΩǎ Whale in HRC and the Western Portion of the Transit Corridor 
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Figure 5-7: Annual Distribution oŦ .ǊȅŘŜΩǎ Whale in SOCAL and the Eastern Portion of the Transit Corridor 
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5.1.4 BALAENOPTERA MUSCULUS, BLUE WHALE 

Blue whales are relatively easy to observe and identify in the field. They are the largest baleen whale, 

their blow is tall and distinctive, and their color is mottled, light gray-blue compared to the dark gray to 

black of the other large baleen whales (Jefferson et al., 2015). The dorsal fin is set far back on the body 

and is reduced in sizeτit may be present only as a small bump (Jefferson et al., 2015; Leatherwood et 

al., 1988). From a distance or in backlight, blue whales could be mistaken for fin whales, but a close view 

will dispel misidentification (Jefferson et al., 2015; Leatherwood et al., 1988). There are four subspecies 

of blue whale, but only Balaenoptera musculus is found in the North Pacific (Muto et al., 2017). Because 

they are readily identifiable, density values for blue whales are available in the literature and NMFS 

reports for areas that have been surveyed.  

The IWC recognizes a single stock of blue whales in the North Pacific, while NMFS recognizes two stocks: 

an Eastern North Pacific stock and a Central North Pacific stock (Carretta et al., 2017). The Eastern North 

Pacific stock includes animals found in the eastern North Pacific from the northern Gulf of Alaska to the 

eastern tropical Pacific (Carretta et al., 2017). Density values for the HSTT Study Area are presented for 

the species as a whole. Theoretically, most of the blue whales in SOCAL and in the eastern portion of the 

transit corridor belong to the Eastern North Pacific stock. Blue whales in HRC and in the western portion 

of the transit corridor would most likely be members of the Central North Pacific stock. 

HRC. Bradford et al. (2017) report a uniform density value for blue whales of 0.00005 animals/km2 

(CV = 1.09) that is applicable to the HRC study area and western portion of the transit corridor. This 

provides an update to the density estimate used preǾƛƻǳǎƭȅ ƛƴ ǘƘŜ bŀǾȅΩǎ tƘŀǎŜ LL ŀƴŀƭȅǎŜǎ ŀǎ ƛǘ ƛǎ ōŀǎŜŘ 

on multiple-covariate line-transect analyses of survey data collected in the Hawaiian Islands EEZ in 2010 

and incorporates new estimates of trackline detection probability derived by Barlow (2015). This value is 

used for winter, spring, and fall. Outside the boundaries of the acoustic modeling study areas are 

Kaschner et al. (2006) density data that were used in the Phase II analyses. 

Blue whale vocalizations are heard from acoustic listening stations north of the Main Hawaiian Islands 

during the cool seasons (Nosal, 2015) as well as other times of the year (Stafford et al., 2001). In the 

summer, blue whales are considered absent in HRC, and blue whales were not sighted during a 2002 

line-transect survey of the Hawaiian Islands EEZ during summer and fall (Barlow, 2006). During a 

follow-up survey in 2010, blue whales were seen within the Hawaiian Islands EEZ only during the fall 

months (Bradford et al., 2017). Therefore, a density of zero is used for that season in HRC and the 

western portion of the transit corridor.  

SOCAL. The Phase II NMSDD included a CCE habitat-based density model for blue whales based on 

systematic survey data collected from 1991 to 2008 (Becker et al., 2012b). The model provided 

spatially-explicit density estimates off the U.S. west coast for summer and fall. More recently, Becker et 

al. (2016) updated the CCE habitat-based models of cetacean densities using additional survey data 

collected primarily off Southern California in 2009. In addition, improved modeling methods were used 

that allowed species-specific and segment-specific estimates of both effective strip width and trackline 

detection probability to be incorporated into the models based on the recorded viewing conditions on 

that segment using coefficients estimated by Barlow et al. (2011) for effective strip width and  



U.S. NAVY MARINE SPECIES DENSITY DATABASE PHASE III FOR THE HSTT STUDY AREA OCTOBER 2017 

TECHNICAL REPORT 48 

Barlow (2015) for trackline detection probability. Density predictions from the updated models are grid-

based at a pixel resolution of 10 km x 10 km, providing finer spatial resolution and eliminating 

interpolation artifacts sometimes present in the previous CCE models (Becker et al., 2016). Density 

estimates from the updated blue whale model were applied to the portion ƻŦ ǘƘŜ bŀǾȅΩǎ {h/![ ŀŎƻǳǎǘƛŎ 

ƳƻŘŜƭƛƴƎ ǎǘǳŘȅ ŀǊŜŀ ǘƘŀǘ ƻǾŜǊƭŀǇǎ ǘƘŜ {²C{/Ωǎ //9 ǎǘǳŘȅ ŀǊŜŀΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ŜŀǎǘŜǊƴ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ 

transit corridor for summer and fall.  

Ferguson and Barlow (2003) ǇǊƻǾƛŘŜ ŘŜƴǎƛǘȅ ǾŀƭǳŜǎ ŦƻǊ ŀǊŜŀǎ ƻŦŦ .ŀƧŀΦ CƻǊ ǘƘŜ bŀǾȅΩǎ tƘŀǎŜ LLL ŀƴŀƭȅǎŜǎΣ 

the Ferguson and Barlow (2003) density estimates and CVs were recalculated based on the extent of the 

acoustic modeling footprint and were also corrected for new estimates of trackline detection probability 

derived by Barlow (2015). The resulting blue whale uniform density estimate of 0.00161 animals/km2 

(CV = 0.42) was used for summer and fall. Given the overlap of the Ferguson and Barlow strata used to 

recalculate densities (refer to Figure 3-7), this value is also applicable to the remainder of the SOCAL 

Range Complex for summer and fall. 

Campbell et al. (2015) provide the most recent winter/spring density estimates for blue whales in 

Southern California waters and their seasonally stratified line-transect estimate of 0.00007 animals/km2 

ό/± Ґ мΦнлύ ǿŀǎ ŀǇǇƭƛŜŘ ǘƻ ǘƘŜ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ bŀǾȅΩǎ {h/![ ŀŎƻǳǎǘƛŎ ƳƻŘŜƭƛƴƎ ǎǘǳŘȅ ŀǊŜŀ ǘƘŀǘ ƻǾŜǊƭŀǇǎ 

the Campbell et al. study area, as well as the eastern portion of the transit corridor. In the absence of 

winter/spring density data off Baja, the Campbell et al. (2015) uniform density estimate was also applied 

ǘƻ ǘƘŜ .ŀƧŀ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ bŀǾȅΩǎ {h/![ ŀŎƻǳǎǘƛŎ ƳƻŘŜƭƛƴƎ ǎǘǳŘȅ ŀǊŜŀ ŦƻǊ ǘƘŜǎŜ ǎŜŀǎƻƴǎΦ Outside the 

boundaries of the acoustic modeling study areas, RES data from SMRU Ltd. (2012) are shown for the 

remainder of the SOCAL Range Complex. 

Table 5-4: Summary of Density Values for Blue Whale in the Hawaii-Southern California Training and Testing 
Study Area 

Location Spring Summer Fall Winter 

HRC 0.00005 0 0.00005 0.00005 

W. Transit Corridor 0.00005 0 0.00005 0.00005 

E. Transit Corridor 0.00007 S S 0.00007 

SOCAL 0.00007 S S 0.00007 

Baja 0.00007 0.00161 0.00161 0.00007 

The units for numerical values are animals/km2. 0 = species is not expected to be present; S = spatial model with various 

density values throughout the range. 
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Figure 5-8: Fall/Winter/Spring Distribution of Blue Whale in HRC and the Western Portion of the Transit Corridor 
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