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1 INTRODUCTION 

1.1 BACKGROUND 

The United States (U.S.) Department of the Navy (Navy) uses Surveillance Towed Array Sensor System 

(SURTASS) Low Frequency Active (LFA) systems onboard U.S. Navy surveillance ships for training and 

testing activities conducted under the authority of the Secretary of the Navy in the western and central 

North Pacific and eastern Indian oceans. A detailed description of SURTASS LFA and associated Navy 

training and testing activities is provided in the Supplemental Environmental Impact 

Statement/Supplemental Overseas Environmental Impact Statement (SEIS/SOEIS) for SURTASS LFA 

Sonar (U.S. Department of the Navy, 2019) and the Draft SEIS/SOEIS that is currently in development 

(U.S. Department of the Navy, In Prep.). 

To ensure compliance with 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 Navy takes responsibility for reviewing and 

evaluating the potential environmental impacts of conducting at-sea training and testing. The MMPA 

provides protection for all marine mammal species, 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 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 

that could be affected by at-sea training and testing activities. A key element of this quantitative impact 

analysis is knowledge of the abundance (number of animals) of the species in specific areas where those 

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

the number of animals present per unit area (typically expressed as the number of animals per square 

kilometer [km2]).  

¢ƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘŜ bŀǾȅΩǎ aŀǊƛƴŜ {ǇŜŎƛŜǎ 5Ŝƴǎƛǘȅ 5ŀǘŀōŀǎŜ όba{55ύ ¢ŜŎƘƴƛŎŀƭ wŜǇƻǊǘ ƛǎ ǘƻ ŘƻŎǳƳŜƴǘ 

the best available sources of density data for marine mammal species occurring in the western and 

central North Pacific and eastern Indian ocean areas where the SURTASS LFA systems are operated, and 

to provide a summary of species-specific and area-specific density estimates incorporated into the 

NMSDD. Fifteen representative modeling sites covering the spatial extent of the study area have been 

selected to provide representative regional coverage (Figure 1.1-1). Three of the SURTASS modeling 

ǎƛǘŜǎ ƻǾŜǊƭŀǇ ǘƘŜ bŀǾȅΩǎ άtƘŀǎŜ L±έ study areas (i.e., ǘƘŜ ŦƻǳǊǘƘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ bŀǾȅΩǎ ŀǘ-sea 

environmental planning process, which consists of a comprehensive, integrated process to preserve 

access to and use of Navy at-sea training ranges, testing ranges, and operating areas by addressing 

encroachment and environmental compliance issues). Two of the SURTASS modeling sites (10 and 11) 

overlap the Hawaii portion of ǘƘŜ bŀǾȅΩǎ Iŀǿŀƛƛ-California Training and Testing (HCTT) Phase IV Study 

AreaΣ ŀƴŘ {¦w¢!{{ ƳƻŘŜƭƛƴƎ ǎƛǘŜ Іп ƛǎ ŜƴŎƻƳǇŀǎǎŜŘ ǿƛǘƘƛƴ ǘƘŜ bŀǾȅΩǎ Mariana Islands Training and 

Testing (MITT) Phase IV Study Area (Figure 1.1-1). Marine mammal density estimates used for the recent 

Phase IV HCTT (U.S. Department of the Navy, 2024) and MITT (U.S. Department of the Navy, In Prep.) 

environmental planning analyses were also used for these three SURTASS modeling sites as they 

represent the best available density data for these regions. 
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Figure 1.1-1: Study Area for SURTASS LFA Sonar in the Western and Central North Pacific and Eastern Indian Oceans, Including the 15 Modeling Sites 
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For most cetacean species, abundance is estimated using line-transect analyses (Barlow, 2016; Barlow & 

Forney, 2007; Bradford et al., 2021); mark-recapture studies (Calambokidis et al., 2008); or more 

recently, habitat-based density models or species distribution models (Becker et al., 2020; Becker et al., 

2016; Becker et al., 2022a; Becker et al., 2018; Forney et al., 2015). Species distribution models estimate 

cetacean density as a continuous function of habitat variables (e.g., sea surface temperature, water 

depth), allowing density estimates to be made on finer spatial and temporal scales that are more useful 

for impact assessments. 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., during breeding). Pinniped abundance is generally estimated via shore 

counts of animals on land at known haul-out sites or by counting the number of pups weaned at 

ǊƻƻƪŜǊƛŜǎ ŀƴŘ ŀǇǇƭȅƛƴƎ ŀ ŎƻǊǊŜŎǘƛƻƴ ŦŀŎǘƻǊ ǘƻ ŜǎǘƛƳŀǘŜ ǘƘŜ ŀōǳƴŘŀƴŎŜ ƻŦ ǘƘŜ ǇƻǇǳƭŀǘƛƻƴΦ ²ƛǘƘ ǘƘŜ bŀǾȅΩǎ 

analysis focused on in-water acoustic impacts, an in-water abundance for pinniped species must be 

inferred from the shore-based abundance when actual in-water survey data are not available. To 

calculate an in-ǿŀǘŜǊ ŘŜƴǎƛǘȅΣ ǘƘŜ ǎǇŜŎƛŜǎΩ ǊŜƎƛƻƴ-specific abundance is calculated and divided by a 

defined distribution area.  

For all marine mammals, a significant amount of effort is required to collect and analyze data to produce 

a density estimate. The Navy has been a leader in funding research aimed specifically at increasing our 

understanding of marine mammal species density and distribution patterns, including supporting 

systematic surveys, tagging and acoustic studies, and improvements to methods used to derive density 

ŜǎǘƛƳŀǘŜǎΦ LŘŜŀƭƭȅΣ ŘŜƴǎƛǘȅ Řŀǘŀ ǿƻǳƭŘ ōŜ ŀǾŀƛƭŀōƭŜ ŦƻǊ ŀƭƭ ƳŀǊƛƴŜ ǎǇŜŎƛŜǎ ǘƘǊƻǳƎƘƻǳǘ ŀƭƭ ǘƘŜ bŀǾȅΩǎ ǎǘǳŘȅ 

areas year round, in order to best estimate the potential impacts of Navy activities. However, 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.  

¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƻŎŜŀƴǎ ƘŀǾŜ ƴƻǘ ōŜŜƴ ǎǳǊǾŜȅŜŘ ƛƴ ŀ ƳŀƴƴŜǊ ǘƘŀǘ ǎǳǇǇƻǊǘǎ the 

derivation of quantitative marine mammal density estimates (Kaschner et al., 2012). In the absence of 

survey data, information on species occurrence and known or inferred habitat associations have been 

used to predict densities using model-based approaches. These habitat suitability models include 

Relative Environmental Suitability (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 RES. A fitted model that quantitatively describes the relationship of 

occurrence with the environmental variables can be used to estimate occurrence in conjunction with 

known habitat suitability (Kaschner et al., 2006). By defining a population measure (e.g., assumed total 

ƴǳƳōŜǊ ƻŦ ŀ ǎǇŜŎƛŜǎ ƛƴ ǘƘŜ ǿƻǊƭŘΩǎ ƻŎŜŀƴǎύΣ ŀbundance can thus be estimated for each RES value, 

providing a means to estimate density for areas that have not been surveyed. 

DƛǾŜƴ ǘƘŜ ŜȄǘŜƴǘ ƻŦ ǘƘŜ bŀǾȅΩǎ {¦w¢!{{ LFA Study Area, available density estimates ranged from 

spatially explicit values derived from habitat models developed from multiple years of systematic survey 

data, e.g., waters within the Hawaiian Islands Exclusive Economic Zone [EEZ] (Becker et al., 2022b), to 

density estimates inferred from RES models for the eastern Indian Ocean areas (Kaschner et al., 2006), 
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where survey data are extremely limited (Kaschner et al., 2012). Therefore, to characterize marine 

species density for these 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 NMSDD, a Geographic Information System (GIS)-based inventory of the best available marine 

ǎǇŜŎƛŜǎ ŘŜƴǎƛǘȅ Řŀǘŀ ŦƻǊ ŜŀŎƘ ƻŦ ǘƘŜ bŀǾȅΩǎ ǎǘǳŘȅ ŀǊŜŀǎΦ ¢ƘŜ bŀǾȅΩǎ ǇǊƻǘƻŎƻƭ ŦƻǊ ǎŜƭŜŎǘƛƴƎ ǘƘŜ ōŜǎǘ 

available density estimates is based on an established hierarchal approach that is described in detail in 

past density technical reports (U.S. Department of the Navy, 2015, 2017). 

The density data selection process ensures that the 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 for 

each geographic area of interest. NMSDD GIS files for the SURTASS LFA Study Area are currently 

stratified by four seasons (Winter: DecemberςFebruary; Spring: MarchςMay; Summer: JuneςAugust; 

Fall: SeptemberςNovember), although density data were rarely available at this temporal scale.  

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 mean density estimate. 

As used in this report, uncertainty 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. In some cases, measures of uncertainty were not derived for the available density estimates 

(e.g., for the RES-derived density estimates). 

NOTE: The density data are organized by species in Section 2 of this report and within the individual 

species sections, density estimates are presented for each of the 15 modeling sites. The species sections 

are presented in groups of related taxa. Information on which species are found within a 250 km buffer 

around the center of each of the 15 representative modeling sites is provided in Table 1.1-1. The 250 km 

buffer includes the areas where the majority of impacts is likely to occur (see Section 2 of this report). 
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Table 1.1-1: Species with SURTASS LFA Study Area Density Estimates Within Each 250 km Buffer 

Marine Mammal Species Scientific Name 
Occurrence in Modeling Sites (within a 

250 km buffer) 

Baleen Whales (Mysticeti)  

Common minke whale Balaenoptera acutorostrata All sites 

Sei whale Balaenoptera borealis 1, 4, 8, 9, 10, 11, 14, 15 

Antarctic minke whale Balaenoptera bonaerensis 14 

.ǊȅŘŜΩǎ ǿƘŀƭŜ Balaenoptera edeni All sites except 15 

Blue whale/Pygmy blue whale Balaenoptera musculus 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12, 13, 14,15 

hƳǳǊŀΩǎ ǿƘŀƭŜ Balaenoptera omurai 2, 3, 4, 5, 6, 7, 9, 12, 13, 14  

Fin whale Balaenoptera physalus 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,14, 15 

North Pacific right whale Eubalaena japonica 1, 15 

Humpback whale Megaptera novaeangliae 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 14, 15 

Toothed Whales (Odontoceti) 

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

Sperm whale Physeter macrocephalus All sites 

Pygmy sperm whale Kogia breviceps All sites except 15 

Dwarf sperm whale Kogia sima All sites except 15 

Dolphins (Family Delphinidae) 

Common dolphin Delphinus delphis 1, 2, 3, 5, 6, 8 

Pygmy killer whale Feresa attenuata 1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12, 13, 14  

Short-finned pilot whale Globicephala macrorhynchus All sites except 15 

wƛǎǎƻΩǎ ŘƻƭǇƘƛƴ Grampus griseus All sites except 15 

CǊŀǎŜǊΩǎ ŘƻƭǇƘƛƴ Lagenodelphis hosei 2, 3, 4, 6, 7, 9, 10, 11, 12, 13, 14 

Pacific white-sided dolphin Lagenorhynchus obliquidens 1, 2, 5, 6, 8, 15 

Northern right whale dolphin Lissodelphis borealis 1, 8, 15 

Indo-Pacific finless porpoise Neophocaena phocaenoides 13 

Irrawaddy dolphin Orcaella brevirostris 13 

Killer whale Orcinus orca All sites 

Melon-headed whale Peponocephala electra All sites except 15 

False killer whale Pseudorca crassidens All sites except 15 

Indo-Pacific humpback dolphin Sousa chinensis 13 

Pantropical spotted dolphin Stenella attenuata All sites except 15 

Striped dolphin Stenella coeruleoalba All sites except 15 

Spinner dolphin Stenella longirostris All sites except 15 

Rough-toothed dolphin Steno bredanensis All sites except 15 

Indo-Pacific bottlenose dolphin Tursiops aduncus 13 

Common bottlenose dolphin Tursiops truncatus  All sites except 15 

Porpoises (Family Phocoenidae) 

5ŀƭƭΩǎ ǇƻǊǇƻƛǎŜ (dalli and truei) 
Phocoenoides dalli dalli and 
Phocoenoides dalli truei 

1, 5, 8, 15 

Beaked Whales (Family Ziphiidae) 
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.ŀƛǊŘΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ Berardius bairdii 1, 5, 8, 15 

Longman's beaked whale Indopacetus pacificus 2, 3, 4, 6, 7, 8, 9, 10, 11, 12, 13, 14 

IǳōōǎΩ ōŜŀƪŜŘ ǿƘŀƭŜ Mesoplodon carlshubbsi 1, 8 

.ƭŀƛƴǾƛƭƭŜΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ Mesoplodon densirostris 2, 3, 4, 6, 7, 8, 9, 10, 11, 12, 13, 14 

Ginkgo-toothed beaked whale Mesoplodon ginkgodens 1, 2, 3, 4, 6, 7, 8, 9, 12, 13 

5ŜǊŀƴƛȅŀƎŀƭŀΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ Mesoplodon hotaula 3, 4, 7, 9, 12, 13 

{ǘŜƧƴŜƎŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ Mesoplodon stejnegeri 1, 5, 8, 15 

/ǳǾƛŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ/Goose-beaked whale Ziphius cavirostris All sites 

Pinnipeds (Pinnipedia) 

Northern fur seal Callorhinus ursinus 1, 5, 15 

Hawaiian monk seal Neomonachus schauinslandi 10, 11 

Spotted seal Phoca largha 5 

Ribbon seal  Histriophoca fasciata 15 

Sirenians (Order Sirenia, Family Dugongidae) 

Dugong Dugong dugon 13 

 

1.2 MAIN SOURCES OF DENSITY DATA 

The majority of density estimates used in the NMSDD come from peer-reviewed publications cited in 

this report. When density estimates for a particular species are not specifically provided by published 

sources, they are derived based on information included in the scientific literature. The sources and 

methods used to derive the estimates are summarized in this report, and the main sources of density 

Řŀǘŀ ƛƴŎƻǊǇƻǊŀǘŜŘ ƛƴǘƻ ǘƘŜ ba{55 ŀƴŘ ǳǎŜŘ ŦƻǊ ǘƘŜ bŀǾȅΩǎ {¦w¢!{S LFA analyses are described below. 

1.2.1 CETACEANS 

The data used to provide cetacean density estimates within the SURTASS modeling sites came from a 

variety of sources, but the majority can be described within four major categories: (1) habitat-based 

density models and design-ōŀǎŜŘ ŜǎǘƛƳŀǘŜǎ ǳǎŜŘ ŦƻǊ ǘƘŜ bŀǾȅΩǎ tƘŀǎŜ L± I/¢¢ ŀƴŘ aL¢¢ ŀƴŀƭȅǎŜǎΣ όнύ 

habitat-based density models and design-based estimates produced by the Japan Fisheries Research and 

Education Agency from surveys in the western North Pacific and coastal waters of Japan, (3) design-

based estimates derived by the Institute of Cetacean Research from surveys in the western North 

Pacific, and (4) density estimates inferred from RES models for the eastern Indian ocean area. Additional 

information on each of these main categories is provided below, presented in the order of preference 

based on ǘƘŜ bŀǾȅΩǎ established hierarchal approach for selecting the best available density data (U.S. 

Department of the Navy, 2015, 2017). 

Navy Phase IV HCTT and MITT Density Data 

The majority of ŎŜǘŀŎŜŀƴ ŘŜƴǎƛǘȅ Řŀǘŀ ǳǎŜŘ ƛƴ ǘƘŜ bŀǾȅΩǎ tƘŀǎŜ L± ŀƴŀƭȅǎŜǎ ŦƻǊ ǘƘŜ I/¢¢ ŀƴŘ aL¢¢ ǎǘǳŘȅ 

areas were estimated from systematic line-transect shipboard surveys conducted by the National 

Marine Fisheries Service (NMFS), Southwest Fisheries Science Center (SWFSC), and Pacific Islands 

Fisheries Science Center (PIFSC). The SWFSC/PIFSC surveys cover three of the modeling sites relevant to 

the SURTASS LFA Study Area: (1) the Hawaiian Islands EEZ, which includes waters within the majority of 
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SURTASS modeling sites 10 and 11; and (2) the Guam and Commonwealth of the Northern Mariana 

Islands (CNMI) EEZs, which includes waters within SURTASS modeling site 4 (see Figure 1.1-1). Data from 

these surveys have been used to develop habitat-based density models and to derive design-based 

density estimates using line-transect analyses.  

New survey data collected by NMFS (partially funded by the Navy) within the Hawaiian Islands EEZ 

during the summer and fall of 2017 and the winter of 2020 supported the derivation of updated 

cetacean density estimates from both design- and model-based analyses (Becker et al., 2022b; Becker et 

al., 2021; Bradford et al., 2021). ¢ƘŜǎŜ Řŀǘŀ ŀǊŜ ŘŜǎŎǊƛōŜŘ ƛƴ ƳƻǊŜ ŘŜǘŀƛƭ ƛƴ ǘƘŜ bŀǾȅΩǎ tƘŀǎŜ L± aŀǊƛƴŜ 

Species Density Database Technical Report for HCTT (U.S. Department of the Navy, 2024). 

New survey data collected by NMFS (partially funded by the Navy) within the Guam and CNMI EEZs in 

2015, 2018, and 2021 supported the derivation of updated cetacean density estimates from both 

design- and model-based analyses (Becker et al., In Prep; Bradford et al., In Prep.). These data are 

ŘŜǎŎǊƛōŜŘ ƛƴ ƳƻǊŜ ŘŜǘŀƛƭ ƛƴ ǘƘŜ bŀǾȅΩǎ tƘŀǎŜ L± aŀǊƛƴŜ {ǇŜŎƛŜǎ 5Ŝƴǎƛǘȅ 5ŀǘŀōŀǎŜ ¢ŜŎƘƴƛŎŀƭ wŜǇƻǊǘ ŦƻǊ 

MITT (U.S. Department of the Navy, In Prep.). 

Japan Fisheries Research and Education Agency Density Data 

Using sighting data collected during line-transect surveys in the North Pacific between 1983 and 2006, 

(Kanaji et al., 2017) derived spatially explicit abundance estimates for a variety of odontocetes using 

density surface modeling. Abundance, distribution, and species diversity were estimated for an area 

spanning a longitude range of 120° East (E) ςς120° West (W) and a latitude range of the equator to 60° 

North (N), with the exception of the eastern Bering Sea and the Gulf of Alaska (east of 170°E and north 

of 50°N) and the Eastern Tropical Pacific (west of 160°W and south of 20°N), where survey data were 

not available. Model predictions for an example species, pantropical spotted dolphin, provide a clear 

picture of the waters included in the study area (Figure 1.2-1). Areas with water depth shallower than 

200 m were also excluded from the analysis. Density and measures of variance were estimated for grid 

cells at a spatial resolution of 1 x 1° for 14 species in the Delphinidae and Phocoenidae families: short-

beaked common dolphin, short-ŦƛƴƴŜŘ Ǉƛƭƻǘ ǿƘŀƭŜΣ wƛǎǎƻΩǎ ŘƻƭǇƘƛƴΣ tŀŎƛŦƛŎ ǿƘƛǘŜ-sided dolphin, northern 

right whale dolphin, killer whale, melon-headed whale, false killer whale, pantropical spotted dolphin, 

striped dolphin, spinner dolphin, rough-ǘƻƻǘƘŜŘ ŘƻƭǇƘƛƴΣ ŎƻƳƳƻƴ ōƻǘǘƭŜƴƻǎŜ ŘƻƭǇƘƛƴΣ ŀƴŘ 5ŀƭƭΩǎ 

porpoise. These density data cover all the SURTASS LFA modeling sites in the Western North Pacific 

(modeling sites 1, 2, 4, 8, 9, 10, 11, and 15), as well as the West Philippine Sea (site 3), the East China Sea 

(site 6), and the Sea of Japan (site 5).  

Institute of Cetacean Research Density Data 

The Institute of Cetacean Research has conducted sighting surveys in the Western North Pacific since 
1994 to collect data necessary to estimate the abundance of baleen whale species. The main survey 
areas include the Pacific side of Japan east to 170°E, north of 35°N, and south of the Russian and U.S. 
EEZs, as well as the Sea of Japan and Okhotsk Sea (Takahashi et al., 2022). Surveys were also conducted 
in 2021 in an additional research area located between 30°Nς53°N and 150°Eς155°W (Figure 1.2-2). 
Sighting data collected during these surveys have been used to produce design-based estimates for 
ƳƛƴƪŜΣ ǎŜƛΣ .ǊȅŘŜΩǎΣ ōƭǳŜΣ ŦƛƴΣ ƘǳƳǇōŀŎƪΣ ŀƴŘ bƻǊǘƘ tŀŎƛŦƛŎ ǊƛƎƘǘ ǿƘŀƭŜǎ (Hakamada & Matsuoka, 2016a; 
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Hakamada & Matsuoka, 2016b; Katsumata & Matsuoka, 2022; Katsumata et al., 2021; Takahashi et al., 
2022). These data include waters within SURTASS LFA modeling sites 1, 8, and 15. 

Density Data Derived from Relative Environmental Suitability Models 

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

conditions and species presence, Kaschner et al. (2006) used RES 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 (probability of occurrence) to density estimates, population 

measures όŜΦƎΦΣ ŀǎǎǳƳŜŘ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ ŀ ǎǇŜŎƛŜǎ ƛƴ ǘƘŜ ǿƻǊƭŘΩǎ ƻŎŜŀƴǎύ ǿŜǊŜ ŘŜŦƛƴŜŘ ǎƻ ǘƘŀǘ 

abundance could be estimated for each RES value, thus providing density estimates for areas of the 

ocean that have not been surveyed. For the SURTASS modeling sites in the eastern Indian Ocean and 

South China Sea (modeling sites 7, 12, 13, and 14) where survey data are extremely limited (Kaschner et 

al., 2012), density data derived from the Kaschner et al. (2006) RES models were the only quantitative 

estimates available.
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Figure 1.2-1: Example Density Plot from Kanaji et al. (2017) 
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Figure 1.2-2: Institute of Cetacean Research Study Areas
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1.2.2 PINNIPEDS AND DUGONG 

Density estimates for pinnipeds and the dugong are not model based and are essentially calculated as 

an in-water abundance divided by an area. Densities for pinnipeds and the dugong relied on published 

data on the abundance, occurrence, and distribution of the species, including data from telemetry 

studies if available, that enabled the Navy to define spatial strata with greater precision and to better 

ǊŜǇǊŜǎŜƴǘ ǎǇŜŎƛŜǎΩ ŘƛǎǘǊƛōǳǘƛƻƴ ǘƘŀƴ ƛƴ previous analyses.  

Except for Hawaiian monk seal, pinniped occurrence in the Study Area is only likely at or near the more 

northerly sites (1, 2, 5, 8, and 15). Furthermore, the offshore distribution of several pinniped species 

with potential occurrence at the northern sites is limited to areas over the continental shelf or is closely 

tied to the sea ice front and its seasonal progression in the Bering Sea and Sea of Okhotsk. As such, 

occurrence inside the 250-kilometer (km) buffer defining each site is unlikely or considered extralimital 

for some species that may occur at the same latitude but inshore of a particular site. For example, 

spotted seals have a range that extends as far south as Japan (Boveng et al., 2009) and approaches the 

latitude of site 2; however, their distribution is limited to waters over the continental shelf closer to 

shore and they are not expected to occur inside the 250 km buffer defining site 2. 

Chernook et al. (2018) derived spatially explicit densities and estimated abundances for four ice-

associated seals off the Kamchatka Peninsula, Russia located west of site 15. The seals, ringed, ribbon, 

spotted, and bearded, haulout on sea ice in winter and spring when the ice extent is farthest south for 

pupping, breeding, and molting, depending on the species. Once the ice breaks up and recedes 

northward, some species haulout on land, others become pelagic in the Bering Sea and Aleutian Islands, 

and some follow the ice north and remain in the northern Bering Sea and Arctic region. The distribution 

of seals occupying the Kamchatka Peninsula and nearshore waters in winter and spring remain over the 

shelf and slope extending from shore to about the 1,000 m depth contour, which is shoreward of the 

250 km buffer at site 15. Thus, while the densities derived by Chernook et al. (2018) are informative, 

they are not applicable to site 15. Once the sea ice recedes northward in summer, only ribbon seals are 

expected to be pelagic and occurring within site 15. 

The dugong prefers warm tropical waters and is only likely to occur in the southern part of the Study 

Area. Due to its preference for shallow, coastal habitat, the dugong would not occur offshore and is only 

expected to occur at site 13, which intersects coastal habitat in the Andaman Sea. 

Temporal variations in species-specific distribution patterns were incorporated into density estimates to 

more accurately match pinniped migration and haul-out behaviors that are unique to each species. This 

resulted in some speciesΩ ƛƴ-water distributions varying by breeding and non-breeding seasons instead 

of the traditional winter, spring, summer, and fall seasons. Spatial strata ǘƻ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ǎǇŜŎƛŜǎΩ 

seasonal distribution in the density calculation were developed for each species based on published 

data on habitat preferences and species range maps. The primary factors used to define spatial strata 

were bathymetry and distance from shore.  
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2 DENSITY DATA 

The remainder of this document describes the density data that were incorporated into the NMSDD and 

are being used by the Navy for modeling the potential exposure of each species to Navy sound sources 

in the SURTASS LFA Study Area. Species are presented in groups of related taxa: baleen whales, sperm 

whales, delphinids, porpoises, beaked whales, and pinnipeds. 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. Within each section, 

species-specific density data are provided for each of the 15 modeling sites. Information on which 

species are found in each of the SURTASS LFA modeling sites was provided in Table 1.1-1. Maps of 

estimated species density within each of the modeling sites are presented for the entire SURTASS LFA 

Study Area to enable comparisons between the modeling sites.  

Given that substantial acoustic effects such as permanent threshold shift or auditory injury would occur 

closest to the SURTASS LFA sound source, the Navy applied a 250 km buffer around the center of each 

modeling site to focus on the areas where the most serious impacts and likely the majority of less 

serious impacts (e.g., temporary threshold shift, behavioral) would occur. This assumption is based on 

the 2,000-yard (1.8 km) LFA mitigation zone presented in the 2019 SURTASS SEIS/SOEIS (U.S. 

Department of the Navy, 2019), which is intended to encompass the range to PTS effects for all species. 

The data presented in this technical report thus include density estimates within a 250 km radius buffer 

around each of the 15 modeling sites. To ensure a conservative analysis, the Navy plans to evaluate 

potential effects out to a 500 km radius, and possibly a 1,000 km radius buffer, depending on the results 

of propagation modeling at each of the 15 sites. To facilitate these analyses, density values from the 250 

km radius buffer will be extrapolated out to the largest radius determined appropriate based on 

propagation modeling and species-specific auditory thresholds. 
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2.1 BALAENOPTERA ACUTOROSTRATA, COMMON MINKE WHALE 

/ƻƳƳƻƴ ƳƛƴƪŜ whale is not an ESA-listed species. /ƻƳƳƻƴ ƳƛƴƪŜ ǿƘŀƭŜ ƛǎ ƭƛǎǘŜŘ ōȅ ǘƘŜ LƴǘŜǊƴŀǝƻƴŀƭ 

¦ƴƛƻƴ ŦƻǊ /ƻƴǎŜǊǾŀǝƻƴ ƻŦ bŀǘǳǊŜ όL¦/bύ wŜŘ [ƛǎǘ ƻŦ ¢ƘǊŜŀǘŜƴŜŘ {ǇŜŎƛŜǎ ŀǎ ŀ ǎǇŜŎƛŜǎ ƻŦ [Ŝŀǎǘ /ƻƴŎŜǊƴ 

ό/ƻƻƪŜΣ нлмуŀύΦ 

Common minke whales have a cosmopolitan distribution in tropical and temperate waters to the ice 

edges in the northern and southern hemispheres, and generally occupy waters over the continental 

shelf, including inshore bays and even occasionally estuaries (Jefferson et al., 2015). However, records 

from whaling catches and research surveys worldwide indicate there may be an open-ocean component 

ǘƻ ǘƘŜ ƳƛƴƪŜ ǿƘŀƭŜΩǎ Ƙŀōƛǘŀǘ (Jefferson et al., 2015; Perrin & Brownell, 2009). Three subspecies of 

common minke whale are currently recognized: the North Atlantic minke whale (B.a. acutorostrata), the 

North Pacific minke whale (B.a. scammoni), and the currently unnamed dwarf minke whale that occurs 

predominantly in the southern hemisphere (Jefferson et al., 2015). In the summer, common minke 

whales are likely absent from low-productivity tropical waters (Jefferson et al., 2015; Perrin et al., 

2009a). 

Three stocks of minke whales are recognized by the International Whaling Commission (IWC) in the 

North Pacific Ocean: (1) Sea of Japan ς Yellow Sea ς East China Sea (the άWέ ǎǘƻŎƪύ; (2) Okhotsk Sea ς 

West Pacific (west of 180°Σ ǘƘŜ άhέ ǎǘƻŎƪ); and (3) άwŜƳŀƛƴŘŜǊέ όŜŀǎǘ ƻŦ мулϲύΦ Recently there have been 

ǎǘǳŘƛŜǎ ŦƻŎǳǎŜŘ ƻƴ ŘŜƭƛƴŜŀǘƛƴƎ ǘƘŜ ǊŀƴƎŜ ƻŦ ǘƘŜ άWέ ǎǘƻŎƪΣ ŎǳǊǊŜƴǘƭȅ ǘƘƻǳƎƘǘ ǘƻ ƛƴŎƭǳŘŜ ǘƘŜ ƴŜŀǊǎƘƻǊŜ 

waters off the Pacific coast of Japan out to approximately 20 km from shore. Based on data collected in 

2ллоΣ ǘƘŜ ŀōǳƴŘŀƴŎŜ ŜǎǘƛƳŀǘŜ ŦƻǊ ǘƘŜ άhέ ǎǘƻŎƪ ǿŀǎ нлΣллл ǿƘŀƭŜǎΣ ǿƛǘƘ ŀ фр percent confidence 

interval of 13,000ς70,000 (International Whaling Commission, 2024)Φ ¢ƘŜ άWέ ǎǘƻŎƪ ŀōǳƴŘŀƴŎŜ ŜǎǘƛƳŀǘŜΣ 

based on data collected between 2004 and 2006, was 4,200 animals, with a 95 percent confidence 

interval of 2,700ς6,300 whales (International Whaling Commission, 2024). 

For the MMPA stock assessment reports, NMFS recognizes three stocks within the Pacific U.S. EEZ: a 

Hawaiian stock, a California/Oregon/Washington stock, and an Alaskan stock (Carretta et al., 2023). Of 

these three stocks, only the Hawaiian stock would occur within the SURTASS LFA Study Area within 

modeling sites 10 and 11. The most recent abundance estimate for the Hawaiian stock of minke whales 

is 438 animals, with a 95 percent confidence interval of 81ς2,372 whales (Bradford et al., 2021).  

The IWC also recognizes a Southern Hemisphere minke whale stock, although their distribution in these 

waters is not well known and it is likely that some animals migrate to Antarctic waters during the austral 

summer (Jefferson et al., 2015). The most recent abundance estimate for the Southern Hemisphere 

population of common minkes whales was based on data collected between 1991 and 2004 and totaled 

515,000 whales, with a 95 percent confidence interval of 360,000ς730,000 animals (International 

Whaling Commission, 2024). Data are not sufficient to estimate an abundance specific to the Indian 

Ocean population of minke whales. 

Seasonal density estimates for common minke whale are available for all of the SURTASS modeling sites, 

although in some sites they are only seasonally present, as described below. A summary of the density 

values incorporated into the NMSDD for each of the modeling sites is provided in Table 2.1-1, following 

the modeling site descriptions. Figures 2.1-1 to 2.1-4 , which show density estimates for all the modeling 

sites within the SURTASS LFA Study Area, follow the table. 
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2.1.1 MODELING SITE 1 ɀ EAST OF JAPAN 

Density estimates for common minke whale were derived from line-transect analyses of survey data 

collected in the Western North Pacific from 2008 to 2012 (Takahashi et al., 2022), and included waters 

within the entire 250 km buffer of modeling site 1 (see Figure 1.2-2). The winter/spring density estimate 

of 0.00075 animals/km2 was based on a total abundance estimate of 2,112 minke whales (CV = 0.371) 

derived from survey data collected in 2011 and 2012 and a total survey area of 2,833,855 km2. The 

summer/fall density estimate of 0.00108 animals/km2 was based on a total abundance estimate of 3,080 

minke whales (CV = 0.677) derived from survey data collected in 2008 and a total survey area of 

2,841,092 km2. The abundance estimates included a correction factor for animals missed directly on the 

trackline (i.e., g(0)) of 0.798) (Takahashi et al., 2022). 

2.1.2 MODELING SITE 2 ɀ NORTH PHILIPPINE SEA 

Density estimates for common minke whale were derived from line-transect analyses of survey data 

collected in the Western North Pacific from 2008 to 2012 (Takahashi et al., 2022). Although the survey 

area is located to the northwest of modeling site 2, these density data represent the best available for 

this region of the western North Pacific. The winter/spring density estimate of 0.00075 animals/km2 was 

based on a total abundance estimate of 2,112 minke whales (CV = 0.371) derived from survey data 

collected in 2011 and 2012 and a total survey area of 2,833,855 km2. The summer/fall density estimate 

of 0.00108 animals/km2 was based on a total abundance estimate of 3,080 minke whales (CV = 0.677) 

derived from survey data collected in 2008 and a total survey area of 2,841,092 km2. The abundance 

estimates included a correction factor for animals missed directly on the trackline (i.e., g(0)) of 0.798) 

(Takahashi et al., 2022). 

2.1.3 MODELING SITE 3 ɀ WEST PHILIPPINE SEA 

Sighting data collected during Japan and Korea surveys from 2000 to 2009 in the southern Sea of Japan 

ǿŜǊŜ ǳǎŜŘ ǘƻ ŘŜǊƛǾŜ ŀōǳƴŘŀƴŎŜ ŜǎǘƛƳŀǘŜǎ ŦƻǊ ǘƘŜ άWέ ǎǘƻŎƪ ƻŦ ŎƻƳƳƻƴ ƳƛƴƪŜ ǿƘŀƭŜǎ ǘƘŀǘ ŀǊŜ ƪƴƻǿƴ ǘƻ 

occur in this region as well as the East China Sea and Pacific coast of Japan (Kitakado et al., 2010). 

Although the survey area is located to the north of modeling site 3, these density data represent the 

best available for this region. A log-linear model was used to provide an updated abundance estimate 

for minke whale, reflecting the addition of a correction factor of 0.798 to account for animals missed 

directly on the trackline (i.e., g(0)). The resulting abundance estimate of 4,094 whales (CV = 0.412) and a 

total survey area of 617,455 km2 yielded a density estimate of 0.00663 animals/km2. Given a lack of 

seasonal data for this region, the Navy applied this density estimate year round. 

2.1.4 MODELING SITE 4 ɀ OFFSHORE GUAM 

aƛƴƪŜ ǿƘŀƭŜ ŘŜƴǎƛǘȅ ŜǎǘƛƳŀǘŜǎ ŦƻǊ ƳƻŘŜƭƛƴƎ ǎƛǘŜ п ǿŜǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘƻǎŜ ǳǎŜŘ ƛƴ ǘƘŜ bŀǾȅΩǎ tƘŀǎŜ 

IV analyses for the MITT study area and were based on line-transect analyses of acoustic detections 

ŎƻƭƭŜŎǘŜŘ ŘǳǊƛƴƎ ǘƘŜ bŀǾȅΩǎ нллт ǎȅǎǘŜƳŀǘƛŎ ǎǳǊǾŜȅ ƻŦ the waters off Guam and the CNMI (Norris et al., 

2017). During this survey, sea states were typically high and there were no sightings of minke whales. 

However, the survey included passive acoustic monitoring using a towed array system and resulted in 30 

unique acoustic detections of minke whales (Norris et al., 2017). Line-transect analyses of these acoustic 

detections resulted in a minimum density estimate of 0.00015 animals/km2 (CV = 0.34). These data were 

used to characterize minke whale density in fall, winter, and spring. Minke whales are likely absent from 



U.S. NAVY MARINE SPECIES DENSITY DATABASE FOR SURTASS LFA SEPTEMBER 2024 

TECHNICAL REPORT 15 

low-productivity tropical waters in the summer (Jefferson et al., 2008b; Perrin et al., 2009b); therefore, a 

density of zero is used for that season. 

2.1.5 MODELING SITE 5 ɀ SEA OF JAPAN 

Sighting data collected during Japan and Korea surveys from 2000 to 2009 in the southern Sea of Japan 

ǿŜǊŜ ǳǎŜŘ ǘƻ ŘŜǊƛǾŜ ŀōǳƴŘŀƴŎŜ ŜǎǘƛƳŀǘŜǎ ŦƻǊ ǘƘŜ άWέ ǎǘƻŎƪ ƻŦ ŎƻƳƳƻƴ ƳƛƴƪŜ ǿƘŀƭŜǎ (Kitakado et al., 

2010). The survey area included waters within the entire 250 km buffer of modeling site 5. A log-linear 

model was used to provide an updated abundance estimate for minke whale, reflecting the addition of a 

correction factor of 0.798 to account for animals missed directly on the trackline (i.e., g(0)). The resulting 

abundance estimate of 4,094 whales (CV = 0.412) and a total survey area of 617,455 km2 yielded a 

density estimate of 0.00663 animals/km2. Given a lack of seasonal data for this region, the Navy applied 

this density estimate year round. 

2.1.6 MODELING SITE 6 ɀ EAST CHINA SEA 

Sighting data collected during Japan and Korea surveys from 2000 to 2009 in the southern Sea of Japan 

ǿŜǊŜ ǳǎŜŘ ǘƻ ŘŜǊƛǾŜ ŀōǳƴŘŀƴŎŜ ŜǎǘƛƳŀǘŜǎ ŦƻǊ ǘƘŜ άWέ ǎǘƻŎƪ ƻŦ ŎƻƳƳƻƴ ƳƛƴƪŜ ǿƘŀƭŜǎ ǘƘŀǘ ŀǊŜ ƪƴƻǿƴ ǘƻ 

occur in this region as well as the East China Sea and Pacific coast of Japan (Kitakado et al., 2010). 

Although the survey area is located to the north of modeling site 6, these density data represent the 

best available for this region. A log-linear model was used to provide an updated abundance estimate 

for minke whale, reflecting the addition of a correction factor of 0.798 to account for animals missed 

directly on the trackline (i.e., g(0)). The resulting abundance estimate of 4,094 whales (CV = 0.412) and a 

total survey area of 617,455 km2 yielded a density estimate of 0.00663 animals/km2. Given a lack of 

seasonal data for this region, the Navy applied this density estimate year round. 

2.1.7 MODELING SITE 7 ɀ SOUTH CHINA SEA 

Survey data are extremely limited in the South China Sea (Kaschner et al., 2012), and density estimates 

for modeling site 7 were not available. Density data derived from the Kaschner et al. (2006) RES models 

were the only quantitative estimates available, and these spatially explicit estimates were incorporated 

into the NMSDD for this site. Predictions from the RES model indicate that minke whales are not 

expected to occur in the South China Sea from June through November (i.e., summer and fall as defined 

in this document).  

2.1.8 MODELING SITE 8 ɀ OFFSHORE JAPAN/ WESTERN NORTH PACIFIC 25° TO 40° N 

Density estimates for common minke whale were derived from line-transect analyses of survey data 

collected in the Western North Pacific from 2008 to 2012 (Takahashi et al., 2022). Although the survey 

area is located to the north of modeling site 8, these density data represent the best available for this 

region of the western North Pacific. The winter/spring density estimate of 0.00075 animals/km2 was 

based on a total abundance estimate of 2,112 minke whales (CV = 0.371) derived from survey data 

collected in 2011 and 2012 and a total survey area of 2,833,855 km2. The summer/fall density estimate 

of 0.00108 animals/km2 was based on a total abundance estimate of 3,080 minke whales (CV = 0.677) 

derived from survey data collected in 2008 and a total survey area of 2,841,092 km2. The abundance 

estimates included a correction factor for animals missed directly on the trackline (i.e., g(0)) of 0.798) 

(Takahashi et al., 2022). 
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2.1.9 MODELING SITE 9 ɀ OFFSHORE JAPAN/ WESTERN NORTH PACIFIC 10° TO 25° N 

aƛƴƪŜ ǿƘŀƭŜ ŘŜƴǎƛǘȅ ŜǎǘƛƳŀǘŜǎ ŦƻǊ ƳƻŘŜƭƛƴƎ ǎƛǘŜ ф ǿŜǊŜ ǘŀƪŜƴ ŦǊƻƳ ǘƘƻǎŜ ǳǎŜŘ ƛƴ ǘƘŜ bŀǾȅΩǎ tƘŀǎŜ L± 

analyses for the MITT Study Area, given the similar latitude of these sites in the western North Pacific. 

The density estimates were based on line-transect analyses of acoustic detections collected during the 

bŀǾȅΩǎ нллт ǎȅǎǘŜƳŀǘƛŎ ǎǳǊǾŜȅ ƻŦ ǘƘŜ ǿŀǘŜǊǎ ƻŦŦ DǳŀƳ ŀƴŘ ǘƘŜ CNMI (Norris et al., 2017). During this 

survey, sea states were typically high, and there were no sightings of minke whales. However, the survey 

included passive acoustic monitoring using a towed array system and resulted in 30 unique acoustic 

detections of minke whales (Norris et al., 2017). Line-transect analyses of these acoustic detections 

resulted in a minimum density estimate of 0.00015 animals/km2 (CV = 0.34). These data were used to 

characterize minke whale density in fall, winter, and spring. Minke whales are likely absent from low-

productivity tropical waters in the summer (Jefferson et al., 2008b; Perrin et al., 2009b); therefore, a 

density of zero is used for that season. 

2.1.10 MODELING SITE 10  ɀ HAWAII NORTH 

aƛƴƪŜ ǿƘŀƭŜ ŘŜƴǎƛǘȅ ŜǎǘƛƳŀǘŜǎ ŦƻǊ ƳƻŘŜƭƛƴƎ ǎƛǘŜ мл ǿŜǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘƻǎŜ ǳǎŜŘ ƛƴ ǘƘŜ bŀǾȅΩǎ tƘŀǎŜ 

IV analyses for the HCTT Study Area, which were based on multiple-covariate line-transect analyses of 

sighting data collected on three surveys of waters within the Hawaiian Islands EEZ in 2002, 2010, and 

2017 (Bradford et al., 2021). Bradford et al. (2021) reported a uniform density value for minke whales of 

0.00018 animals/kmP

2
P (CV = 1.05). In the summer, minke whales are likely absent from low-productivity 

tropical waters (Jefferson et al., 2015; Perrin et al., 2009a), and based on acoustic data, it is likely that in 

summer they have migrated north out of Hawaiian waters to feed (Martin et al., 2022). During three 

separate line-transect surveys of the Hawaii EEZ during summer and fall, minke whales were only seen 

or acoustically detected during the fall months (Barlow, 2006; Bradford et al., 2017; Bradford et al., 

2021). Therefore, a density of zero is used for summer in this modeling site. 

2.1.11 MODELING SITE 11 ɀ HAWAII SOUTH 

aƛƴƪŜ ǿƘŀƭŜ ŘŜƴǎƛǘȅ ŜǎǘƛƳŀǘŜǎ ŦƻǊ ƳƻŘŜƭƛƴƎ ǎƛǘŜ мм ǿŜǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘƻǎŜ ǳǎŜŘ ƛƴ ǘƘŜ bŀǾȅΩǎ tƘŀǎŜ 

IV analyses for the HCTT Study Area, which were based on multiple-covariate line-transect analyses of 

sighting data collected on three surveys of waters within the Hawaiian Islands EEZ in 2002, 2010, and 

2017 (Bradford et al., 2021). Bradford et al. (2021) reported a uniform density value for minke whales of 

0.00018 animals/kmP

2
P (CV = 1.05). In the summer, minke whales are likely absent from low-productivity 

tropical waters (Jefferson et al., 2015; Perrin et al., 2009a), and based on acoustic data, it is likely that in 

summer they have migrated north out of Hawaiian waters to feed (Martin et al., 2022). During three 

separate line-transect surveys of the Hawaii EEZ during summer and fall, minke whales were only seen 

or acoustically detected during the fall months (Barlow, 2006; Bradford et al., 2017; Bradford et al., 

2021). Therefore, a density of zero is used for summer in this modeling site. 

2.1.12 MODELING SITE 12 ɀ OFFSHORE SRI LANKA 

Survey data are extremely limited in the Indian Ocean (Kaschner et al., 2012), and common minke whale 

density estimates for modeling site 12 were not available. Density data derived from the Kaschner et al. 

(2006) RES models were the only quantitative estimates available, and these spatially explicit estimates 

were incorporated into the NMSDD for this site. Predictions from the RES model indicate that minke 
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whales are not expected to occur in these waters from June through November (i.e., summer and fall as 

defined in this document).  

2.1.13 MODELING SITE 13 ɀ ANDAMAN SEA 

Survey data are extremely limited in the Indian Ocean (Kaschner et al., 2012), and common minke whale 

density estimates for modeling site 13 were not available. Density data derived from the  Kaschner et al. 

(2006) RES models were the only quantitative estimates available, and these spatially explicit estimates 

were incorporated into the NMSDD for this site. Predictions from the RES model indicate that minke 

whales are not expected to occur in these waters from June through November (i.e., summer and fall as 

defined in this document).  

2.1.14 MODELING SITE 14 ɀ NORTHWEST OF AUSTRALIA 

Survey data are extremely limited in the Indian Ocean (Kaschner et al., 2012), and common minke whale 

density estimates for modeling site 14 were not available. Density data derived from the  Kaschner et al. 

(2006) RES models were the only quantitative estimates available, and these spatially explicit estimates 

were incorporated into the NMSDD for this site.  

2.1.15 MODELING SITE 15 ɀ NORTHEAST OF JAPAN 

Density estimates for common minke whale were derived from line-transect analyses of survey data 

collected in the Western North Pacific from 2008 to 2012 (Takahashi et al., 2022). The survey area 

encompasses the southwest portion of modeling site 15 (see Figure 1.2-2), and these density data 

represent the best available for this region of the western North Pacific. The winter/spring density 

estimate of 0.00075 animals/km2 was based on a total abundance estimate of 2,112 minke whales (CV = 

0.371) derived from survey data collected in 2011 and 2012 and a total survey area of 2,833,855 km2. 

The summer/fall density estimate of 0.00108 animals/km2 was based on a total abundance estimate of 

3,080 minke whales (CV = 0.677) derived from survey data collected in 2008 and a total survey area of 

2,841,092 km2. The abundance estimates included a correction factor for animals missed directly on the 

trackline (i.e., g(0)) of 0.798) (Takahashi et al., 2022). 
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Table 2.1-1: Summary of Density Values for Common Minke Whale in each of the SURTASS LFA Modeling Sites 

Location Spring Summer Fall Winter 

Modeling Site 1 0.00075 0.00108 0.00108 0.00075 

Modeling Site 2 0.00075 0.00108 0.00108 0.00075 

Modeling Site 3 0.00663 0.00663 0.00663 0.00663 

Modeling Site 4 0.00015 0 0.00015 0.00015 

Modeling Site 5 0.00663 0.00663 0.00663 0.00663 

Modeling Site 6 0.00663 0.00663 0.00663 0.00663 

Modeling Site 7 S 0 0 S 

Modeling Site 8 0.00075 0.00108 0.00108 0.00075 

Modeling Site 9 0.00015 0 0.00015 0.00015 

Modeling Site 10 0.00018 0 0.00018 0.00018 

Modeling Site 11 0.00018 0 0.00018 0.00018 

Modeling Site 12 S 0 0 S 

Modeling Site 13 S 0 0 S 

Modeling Site 14 S S S S 

Modeling Site 15 0.00075 0.00108 0.00108 0.00075 

Notes: The units for numerical values are animals/km2. S = spatial model with various density values throughout 

the range. Spring = March through May, Summer = June through August, Fall = September through November, 

Winter = December through February, regardless of hemisphere. 
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Figure 2.1-1: Spring Distribution of Common Minke Whale in the SURTASS LFA Study Area 
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Figure 2.1-2: Summer Distribution of Common Minke Whale in the SURTASS LFA Study Area 
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Figure 2.1-3: Fall Distribution of Common Minke Whale in the SURTASS LFA Study Area 
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Figure 2.1-4: Winter Distribution of Common Minke Whale in the SURTASS LFA Study Area 
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2.2 BALAENOPTERA BOREALIS, SEI WHALE 

The sei whale is listed as endangered under the ESA and as depleted under the MMPA throughout its 

range. It is also listed as endangered by the IUCN Red List of Threatened Species (Cooke, 2018b). 

Sei whales have a worldwide distribution but are found primarily in cold temperate to subpolar latitudes 

(Jefferson et al., 2015). Although sei whales are considered absent or occurring at very low densities in 

most equatorial areas, they have been observed south of 20° N in the winter (Fulling et al., 2011; 

Horwood, 2009; Horwood, 1987). Sei whales are typically found in the open ocean and are rarely 

observed near the coast (Horwood, 2009). Their distribution patterns are largely unpredictable, as they 

are known to occur regularly in an area for multiple years, and then largely disappear (Jefferson et al., 

2015). There appears to be some seasonal movement between higher latitude summer feeding areas 

and lower latitude winter calving areas, but these movements are not as extensive as those of many 

other baleen whale species. 

A single stock of sei whales is recognized by the IWC in the North Pacific Ocean. Based on data collected 

between 2010 and 2012, the abundance estimate for the North Pacific stock was 29,600 whales, with a 

95 percent confidence interval of 18,500ς47,300 (International Whaling Commission, 2024). For the 

MMPA stock assessment reports, NMFS recognizes two stocks within the Pacific U.S. EEZ: a Hawaiian 

stock and a California/Oregon/Washington stock (Carretta et al., 2023). Only the Hawaiian stock would 

occur within the SURTASS LFA Study Area within modeling sites 10 and 11. The most recent abundance 

estimate for the Hawaiian stock of sei whales is 401 animals, with a 95 percent confidence interval of 

95ς1,685 whales (Bradford et al., 2021).  

Sei whales occur in the Southern Hemisphere, with a summer (JanuaryςFebruary) distribution mainly in 

the latitude range of 40ς55° South (S) in the southern Indian Ocean. There are no confirmed records of 

sei whales in the northern Indian Ocean (Afsal et al., 2008; Rice, 1998). Similar to other baleen whales, 

the IWC divides southern hemisphere sei whales into six management areas, but data are not sufficient 

to estimate an abundance specific to the Indian Ocean population of sei whales. 

Sei whales are only expected to occur in eight of the SURTASS modeling sites: Site 1 (East of Japan), Site 

4 (Offshore Guam), Site 8 (Offshore Japan/Western North Pacific 25° to 40° N), Site 9 (Offshore 

Japan/Western North Pacific 10° to 25° N), Site 10 (Hawaii North), Site 11 (Hawaii South), Site 14 

(Northwest of Australia), and Site 15 (Northeast of Japan). A zero density is assumed for all other 

modeling sites. A summary of the density values incorporated into the NMSDD for each of the modeling 

sites is provided in Table 2.2-1, following the modeling site descriptions. Figures 2.2-1 to 2.2-4, which 

show density estimates for all the modeling sites within the SURTASS LFA Study Area, follow the table.  

2.2.1 MODELING SITE 1 ɀ EAST OF JAPAN 

Density estimates for sei whale were derived from line-transect analyses of survey data collected in the 

Western North Pacific from 2008 to 2012 (Takahashi et al., 2022) and included waters within the entire 

250 km buffer of modeling site 1 (see Figure 1.2-2). The winter/spring density estimate of 0.00105 

animals/km2 was based on a total abundance estimate of 2,988 sei whales (CV = 0.304) derived from 

survey data collected in 2011 and 2012 and a total survey area of 2,833,855 km2. The summer/fall 

density estimate of 0.00179 animals/km2 was based on a total abundance estimate of 5,087 sei whales 

(CV = 0.378) derived from survey data collected in 2008 and a total survey area of 2,841,092 km2.  
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2.2.2 MODELING SITE 4 ɀ OFFSHORE GUAM 

{Ŝƛ ǿƘŀƭŜ ŘŜƴǎƛǘȅ ŜǎǘƛƳŀǘŜǎ ŦƻǊ ƳƻŘŜƭƛƴƎ ǎƛǘŜ п ǿŜǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘƻǎŜ ǳǎŜŘ ƛƴ ǘƘŜ bŀǾȅΩǎ tƘŀǎŜ L± 

analyses for the MITT study area and were based on line-transect analyses of sightings collected during 

ǘƘŜ bŀǾȅΩǎ нллт ǎȅǎǘŜƳŀǘƛŎ ǎǳǊǾŜȅ ƻŦ ǘƘŜ ǿŀǘŜǊǎ ƻff Guam and the CNMI (Fulling et al., 2011). Prior to 

this survey, sei whales were considered extralimital in this area. During this survey, there were a total of 

16 sei whale sightings, 11 of which were on-effort and supported the derivation of a design-based 

density estimate of 0.00029 animals/km2 (CV = 0.49). These data were used to characterize sei whale 

density in fall, winter, and spring. Sei whales are likely absent from low-productivity tropical waters in 

the summer (Jefferson et al., 2008b; Perrin et al., 2009b); therefore, a density of zero was used for that 

season. 

2.2.3 MODELING SITE 8 ɀ OFFSHORE JAPAN/ WESTERN NORTH PACIFIC 25° TO 40° N 

Density estimates for sei whale were derived from line-transect analyses of survey data collected in the 

Western North Pacific from 2008 to 2012 (Takahashi et al., 2022). Although the survey area is located to 

the north of modeling site 8, these density data represent the best available for this region of the 

western North Pacific. The winter/spring density estimate of 0.00105 animals/km2 was based on a total 

abundance estimate of 2,988 sei whales (CV = 0.304) derived from survey data collected in 2011 and 

2012 and a total survey area of 2,833,855 km2. The summer/fall density estimate of 0.00179 

animals/km2 was based on a total abundance estimate of 5,087 sei whales (CV = 0.378) derived from 

survey data collected in 2008 and a total survey area of 2,841,092 km2. 

2.2.4 MODELING SITE 9 ɀ OFFSHORE JAPAN/ WESTERN NORTH PACIFIC 10° TO 25° N 

{Ŝƛ ǿƘŀƭŜ ŘŜƴǎƛǘȅ ŜǎǘƛƳŀǘŜǎ ŦƻǊ ƳƻŘŜƭƛƴƎ ǎƛǘŜ ф ǿŜǊŜ ǘŀƪŜƴ ŦǊƻƳ ǘƘƻǎŜ ǳǎŜŘ ƛƴ ǘƘŜ bŀǾȅΩǎ tƘŀǎŜ L± 

analyses for the MITT study area, given the similar latitude of these sites in the western North Pacific. 

The density estimates were based on line-transect analyses of sei whale sightings collected during the 

bŀǾȅΩǎ нллт ǎȅǎǘŜƳŀǘƛŎ ǎǳǊǾŜȅ ƻŦ ǘƘŜ ǿŀǘŜǊǎ ƻŦŦ DǳŀƳ ŀƴŘ ǘƘŜ CNMI (Fulling et al., 2011). During this 

survey, there were a total of 16 sei whale sightings, 11 of which were on-effort and supported the 

derivation of a design-based density estimate of 0.00029 animals/km2 (CV = 0.49). These data were used 

to characterize sei whale density in fall, winter, and spring. Sei whales are likely absent from low-

productivity tropical waters in the summer (Jefferson et al., 2008b; Perrin et al., 2009b); therefore, a 

density of zero was used for that season. 

2.2.5 MODELING SITE 10  ɀ HAWAII NORTH 

{Ŝƛ ǿƘŀƭŜ ŘŜƴǎƛǘȅ ŜǎǘƛƳŀǘŜǎ ŦƻǊ ƳƻŘŜƭƛƴƎ ǎƛǘŜ мл ǿŜǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘƻǎŜ ǳǎŜŘ ƛƴ ǘƘŜ bŀǾȅΩǎ tƘŀǎŜ L± 

analyses for the HCTT Study Area, which were based on multiple-covariate line-transect analyses of 

sighting data collected on three surveys of waters within the Hawaiian Islands EEZ in 2002, 2010, and 

2017 (Bradford et al., 2021). Bradford et al. (2021) reported a uniform density value for sei whales of 

0.00016 animals/kmP

2
P (CV = 0.84). 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 this modeling site. 
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2.2.6 MODELING SITE 11 ɀ HAWAII SOUTH 

Sei whale density estimates for modeling site 11 ǿŜǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘƻǎŜ ǳǎŜŘ ƛƴ ǘƘŜ bŀǾȅΩǎ tƘŀǎŜ L± 

analyses for the HCTT Study Area, which were based on multiple-covariate line-transect analyses of 

sighting data collected on three surveys of waters within the Hawaiian Islands EEZ in 2002, 2010, and 

2017 (Bradford et al., 2021). Bradford et al. (2021) reported a uniform density value for sei whales of 

0.00016 animals/kmP

2
P (CV = 0.84). 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 this modeling site. 

2.2.7 MODELING SITE 14 ɀ NORTHWEST OF AUSTRALIA 

Survey data are extremely limited in the Indian Ocean (Kaschner et al., 2012), and sei whale density 

estimates for modeling site 14 were not available. Density data derived from the Kaschner et al. (2006) 

RES models were the only quantitative estimates available, and these spatially explicit estimates for sei 

whale were incorporated into the NMSDD for this site.  

2.2.8 MODELING SITE 15 ɀ NORTHEAST OF JAPAN 

Density estimates for sei whale were derived from line-transect analyses of survey data collected in the 

Western North Pacific from 2008 to 2012 (Takahashi et al., 2022). The survey area encompasses the 

southwest portion of modeling site 15 (see Figure 1.2-2), and these density data represent the best 

available for this region of the western North Pacific. The winter/spring density estimate of 0.00105 

animals/km2 was based on a total abundance estimate of 2,988 sei whales (CV = 0.304) derived from 

survey data collected in 2011 and 2012 and a total survey area of 2,833,855 km2. The summer/fall 

density estimate of 0.00179 animals/km2 was based on a total abundance estimate of 5,087 sei whales 

(CV = 0.378) derived from survey data collected in 2008 and a total survey area of 2,841,092 km2. 
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Table 2.2-1: Summary of Density Values for Sei Whale in Each of the SURTASS LFA Modeling Sites 

Location Spring Summer Fall Winter 

Modeling Site 1 0.00105 0.00179 0.00179 0.00105 

Modeling Site 2 0 0 0 0 

Modeling Site 3 0 0 0 0 

Modeling Site 4 0.00029 0 0.00029  0.00029  

Modeling Site 5 0 0 0 0 

Modeling Site 6 0 0 0 0 

Modeling Site 7 0 0 0 0 

Modeling Site 8 0.00105 0.00179 0.00179 0.00105 

Modeling Site 9 0.00029 0 0.00029  0.00029  

Modeling Site 10 0.00016 0 0.00016  0.00016  

Modeling Site 11 0.00016 0 0.00016  0.00016  

Modeling Site 12 0 0 0 0 

Modeling Site 13 0 0 0 0 

Modeling Site 14 S S S S 

Modeling Site 15 0.00105 0.00179 0.00179 0.00105 

Notes: The units for numerical values are animals/km2. S = spatial model with various density values throughout 

the range. Spring = March through May, Summer = June through August, Fall = September through November, 

Winter = December through February, regardless of hemisphere. 
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Figure 2.2-1: Spring Distribution of Sei Whale in the SURTASS LFA Study Area 
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Figure 2.2-2: Summer Distribution of Sei Whale in the SURTASS LFA Study Area 






















































































































































































































































































































































































































