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Executive Summary

The purpose of this report is to summarize available information about the occurrence, distribution,
and abundance of beaked whales (BWs) (family Ziphiidae) in the Mariana Islands Training and
Testing (MITT) Study Area; summarize BW stranding events in the region and their potential causes;
review available information about behavioral responses of BWs to anthropogenic disturbance; and
discuss regional oceanographic and bathymetric conditions known to be potential contributing
factors to BW strandings. Although BWs are widely distributed across all the world’s oceans, they
are poorly understood in part due to their cryptic surface behavior (e.g., low profile surfacing, vessel
avoidance that makes BWs not easily approachable, etc.) and long dive times, which make them
difficult to detect visually.

Marine mammal surveys have been conducted by the United States (U.S.) Navy (Navy), the
National Marine Fisheries Service (NMFS), and other partners in the region, in part to collect data
about BW occurrence and distribution. From 2007 to 2024, efforts have included small vessel
surveys (290 days), large vessel surveys (264 days) with towed acoustic arrays (168 days), aerial
surveys (5 days), shore-based surveys (20 days), moored passive acoustic monitoring (PAM) (2,597
days), drifting PAM (36 days), and autonomous underwater vehicle (AUV) PAM surveys (104 days).
Overall, 579 days of visual surveys were conducted from vessel, aerial, and shore-based platforms,
and 2,905 days of acoustic surveys were performed using towed arrays, moored PAM instruments,
drifting PAM buoys, and AUVs. Despite major advances in satellite tagging technology, no tags have
been deployed on BWs in the Mariana Islands due to their cryptic surface behavior and long dive
times, which makes them not easily approachable for tag deployment. The variety of PAM methods
implemented to date have provided the most information about BW species occurrence and their
temporal and spatial use of the region.

Four BW species or signal types have been documented in the MITT Study Area: Blainville’s
(Mesoplodon densirostris), Cuvier's (Ziphius cavirostris), Longman’s (Indopacetus pacificus), and the
Cross Seamount, hypothesized to be the ginkgo-toothed (Mesoplodon ginkgodens)'- Beaked whales
have been acoustically detected throughout the Mariana Islands in all months of the year. Acoustic
data indicates BW habitat preference is concentrated on the Mariana Ridge and the Mariana Trough
in waters between 1,800 and 2,300 m (5,906 and 7,546 feet) deep, with more BWs found in the
northern part of the archipelago, where a richer food niche may exist based on differences in
oceanographic data. Longman’s BW was detected strictly in waters north of 15.5° North. Few
seasonal trends were detected using PAM. However, there was a notable absence of Cuvier's BW
detections off Tinian for an entire 11-month period in 2014.

Despite almost two decades of effort, there is still little information about BW abundance and density
(i.e., number of animals per unit area) in the Mariana Islands due to their cryptic surface behavior
and limited time on the surface to be detected through normal survey methods. To help fill this
important data gap, PAM-based BW abundance and density estimates were recently derived from
BW vocalizations recorded on moored Rockhopper marine recording units (e.g., Klinck et al. 2020,

1 Recent results from visual, PAM, biopsy, and eDNA sampling suggest that Mesoplodon ginkgodens is the source of
BWA43 calls, not the Cross Seamount beaked whale calls (E. Henderson, pers. comm.).
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2024) and Drifting Acoustic Spar Buoy Recorders (DASBRs; e.g., Hill et al. 2020a; Barlow et al.
2021; McCullough et al. 2021; Yano et al. 2022; Badger et al. 2024) using traditional methods of
distance sampling and spatial capture-recapture adapted for acoustic platforms using novel
techniques (Barlow et al. 2021).

BW strandings have been linked to the use of mid-frequency active sonar (MFAS) during Navy
training events (Simonis et al. 2020; Filadelfo et al. 2024). D’Amico et al. (2009) reported that of the
126 global BW mass stranding events (487 individuals) reported between 1950 and 2004, two
reported details on the use, timing, and location of sonar in relation to mass strandings; 10 were
linked in time and space to Navy activities that may have used MFAS; 27 mass stranding events
occurred near a Navy base or ship but with no direct evidence of sonar use; and 87 mass strandings
had no evidence of a link to Navy activities. Determining the actual cause of death in cetacean
strandings has its inherent challenges, especially when carcasses are discovered in a highly
decayed state. New diagnostic techniques are being developed to improve mortality diagnoses,
which include species identification using genetics when necessary, evaluating the nutritional state
of the animal to categorize mortality as acute or due to chronic iliness, and screening archived tissue
for the presence of Brucella and Toxoplasma to determine if infectious disease may have played a
role (West et al. 2023a, 2023b). Both the NMFS and the Navy acknowledge the need for more
information about where BWs occur, how they occupy their habitat spatially and temporally, how
they respond to anthropogenic impacts, including MFAS, what the causes of natural mortality are,
and what factors contribute to the likelihood of a stranding occurrence, and continue to fund
research in this area.

Using recent data, the Navy also developed a GIS-based tool showing environmental factors in the
Mariana Islands generally associated with an increased likelihood of strandings during Navy training
events. Criteria investigated include limited egress, a strong surface duct, and steep bathymetry.
Maps of the Mariana Islands have been developed that depict areas of relative risk based on these
factors.
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1 Introduction

The purpose of this report is to summarize available information about the spatial and temporal
distribution and abundance of beaked whales (BWs) (family Ziphiidae) in the Mariana Islands
Training and Testing (MITT) Study Area (Figure 1); summarize BW stranding events in the region
and their potential causes; review available information about behavioral responses of BW to
anthropogenic disturbance; and discuss regional oceanographic and bathymetric conditions known
to be potential contributing factors to BW strandings.

Although BWs are widely distributed across all the world’s oceans (MacLeod et al. 2006), they are
not well studied, in part due to their cryptic surface behavior and long dive times, which make them
difficult to detect visually (McCullough et al. 2021). With technological advances in passive acoustic
monitoring (PAM) and animal telemetry (tagging), our level of understanding of BWs is rapidly
improving (Henderson 2023). Several studies have implicated mid-frequency active sonar (MFAS)
as a possible cause of marine mammal strandings (Simmonds and Lopez-Jurado 1991; Frantzis
1998; Evans et al. 2001; Jepson et al. 2003; Martin et al. 2004; Fernandez et al. 2005; Cox et al.
2006; D’Amico et al. 2009), including BW strandings in the MITT Study Area (Simonis et al. 2020;
Filadelfo et al. 2024). Therefore, understanding the potential impacts of United States (U.S.) Navy
(Navy) training and testing activities on BWs in the Mariana Islands has become a high priority for
the National Marine Fisheries Service (NMFS) and the Navy (85 Federal Register [FR] 46302).

Four BW species or signal types have been documented in the MITT Study Area:

e Blainville’s (Mesoplodon densirostris, Tetra Tech 2014; Munger et al. 2015; Klinck et al.
2015, 2016; Oleson et al. 2015; Hill et al. 2014, 2015, 2016, 2020; McCullough et al. 2021;
Yano et al. 2022; Baumann-Pickering et al. 2018, 2023; Klinck et al. 2024; Badger et al.
2024);

e Cuvier's (Ziphius cavirostris, Mobley 2007; Tetra Tech 2014; Munger et al. 2015; Oleson et
al. 2015; Hill et al. 2014, 2020; McCullough et al. 2021; Yano et al. 2022; Baumann-Pickering
et al. 2018, 2023; Klinck et al. 2024; Badger et al. 2024);

e Longman’s (Indopacetus pacificus, Hill et al. 2020a; McCullough et al. 2021; Yano et al.
2022); and

e Cross Seamount (BWC) signal type or frequency-modulated (FM) pulse formerly
hypothesized to be the ginkgo-toothed (Mesoplodon ginkgodens?, Oleson et al. 2015; Hill et
al. 2015, 2020; McCullough et al. 2021; Baumann-Pickering et al. 2018, 2023; Klinck et al.
2016, 2024).

Beaked whales have been acoustically detected throughout the Mariana Islands in all months of the
year. Acoustic data indicates BW habitat preference is concentrated on the Mariana Ridge and the
Mariana Trough in waters between 1,800 and 2,300 m (5,906 and 7,546 feet) deep (Klinck et al.
2016; McCullough et al. 2021), with more BWs found in the northern part of the archipelago, where a
richer ecological niche available for BW prey species seems more suitable in the northern part of the

2 Recent results from visual, PAM, biopsy, and eDNA sampling suggest that Mesoplodon ginkgodens is the source of BW43 calls,
not the Cross Seamount beaked whale calls (E. Henderson, pers. comm.).
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archipelago based on oceanographic variables (McCullough et al. 2021). The Longman’s BW was
detected strictly in waters north (N) of 15.5° N. Few seasonal trends were detected using PAM.
However, there was a notable absence of Cuvier's BW detections off Tinian for an entire 11-month
period in 2014 (Simonis et al. 2020).

This report summarizes methods (Section 3), effort (Section 4), and available information about
BWs in the MITT Study Area (Sections 5-9, 11). Six focused research questions were defined in
order to summarize available information about BW distribution and habitat use in the Marianas, BW
behavioral responses to anthropogenic activities, BW stranding patterns in the Marianas, and (where
known) the causes that contribute to these strandings. Recent information? addressing each is
summarized in the respective report sections as follows:

e \What is the occurrence and density of BWs in the Mariana Islands? (Section 5)

e \What are the spatial and temporal patterns of (acoustic and habitat use) behavior of BWs in
the Mariana Islands? (Section 6)

e \What are the temporal and spatial patterns of BW strandings in the Mariana Islands?
(Section 7)

e \What are the causes of mortality associated with BW strandings in the Mariana Islands?
(Section 8)

e \What information about BW behavioral responses to anthropogenic disturbance has become
available since 20227 (Section 9)

e What information about conditions conducive to BW strandings has been discovered since
20227 (Section 11)

Although not considered one of the focused research questions, the Navy evaluated the existence of
environmental “Bahamas Factors,” which were first defined following the Bahamas mass stranding
determined to be caused by sonar use in 2000 (Evans et al. 2001) in the MITT Study Area (Section
10).

3 Defined as information that has become available since the last Annual Review of the 2018 Atlantic Fleet Training and Testing
Final Environmental Impact Statement (EIS)/Overseas EIS [OEIS] and the 2018 Hawaii-Southern California Training and Testing
Final EIS/OEIS in 2022 (DON 2022).
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Figure 1. The Mariana Islands Training and Testing (MITT) Study Area and Transit
Corridor.

Source: DON 2020.

2 Study Area

The Mariana Archipelago contains the U.S. Territory of Guam to the south, as well as the
Commonwealth of the Northern Mariana Islands (CNMI), which is composed of 14 volcanic islands:
Rota, Tinian, Saipan, Farallon de Medinilla (FDM), Aguijan, Anatahan, Sarigan, Guguan, Alamagan,
Pagan, Agrijan, Asuncion, Maug, and Farallon de Pajaros, extending to the northwest (Department
of the Navy [DON] 2020). The region is most notably characterized by the Mariana Trench, which
parallels the archipelago 150 kilometers (km; [81 nautical miles (nm)]) to the east, arcs westward to
within 120 km (65 nm) south of Guam, and includes the Mariana Trench Marine National Monument
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(Figures 1 and 2; Hill et al. 2020a). The West Mariana Ridge is a series of seamounts paralleling the
archipelago, 145 to 170 km (78 to 92 nm) to the west.

The Mariana Islands provide a strategic environment for conducting military readiness activities,
allowing the U.S. military to maintain a global and strategic presence because of their location in the
Indo-Asia-Pacific region. The Navy’s first at-sea EIS for the Mariana Islands Range Complex (MIRC)
was completed in 2010 and included land, sea, and airspace on and around the islands of Guam,
Rota, Tinian, Saipan, and FDM, as well as open ocean waters stretching north to Pagan and west to
the middle of the Philippine Sea, authorizing a variety of training activities and exercises within those
ranges. The MIRC EIS (and associated Marine Mammal Protection Act [MMPA] Letter of
Authorization and Rulemaking, NMFS 2012) covered a five-year period and was superseded by the
MITT in 2015 and 2020, when the new MMPA rulemakings and Letter of Authorization were issued
(80 FR 46111, 85 FR 46302)*.

The MITT Study Area (984,601 square nautical miles [nm?]) incorporates MIRC (497,469 nm?), its
surrounding high seas (487,132 nm?), a transit corridor between MIRC and the Hawaii Range
Complex (HRC), and Navy piers located in Apra Harbor, Guam (DON 2020; Figure 1), and
encompasses the offshore areas around the islands of Guam and CNMI, including the West Mariana
Ridge populated with seamounts (Figure 2).

41n August 2018, the MMPA was amended by the John S. McCain National Defense Authorization Act for Fiscal Year 2019 to allow
for 7-year authorizations for military readiness activities, as compared to the previously allowed 5 years. In February 2019, the
Navy submitted a request for regulations and a Letter of Authorization for MITT from August 2020 through August 2027. In August
2020, NFMS issued the 7-year final rule (85 FR 46302).
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Figure 2. Bathymetry Contour in the Mariana Archipelago including the West Mariana
Ridge and seamounts.
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3 Methods

A key recommendation in the MITT Final Rule, published in July 2020 (85 FR 46302), was that
NMFS and the Navy convene a panel of experts from the region, BW behavioral response experts
from other geographic areas, and Navy experts on biology, operations, and mitigation to review the
status of the science, identify data gaps, and identify information applicable for consideration for
future mitigation through the Adaptive Management process. As recommended by public
commenters, the Navy agreed to convene experts with NMFS with the purpose of providing
recommendations to address scientific data gaps and uncertainties and for further protective
measure consideration to minimize the impact of Navy training and testing activities on BWs in the
Mariana Islands.

To “review the status of the science and identify data gaps,” an extensive literature search was
conducted as part of this project to acquire data on BW distribution and habitat use in the Mariana
Islands, BW responses to anthropogenic disturbance, and stranding data potentially associated with
military sonar use. Over 2,300 sources of information were compiled, including peer-reviewed
publications, conference proceedings, archived scientific government reports (grey literature), and
scientific reports from Navy research and monitoring projects (Office of Naval Research Marine
Mammal Program, Navy Living Marine Resources, and Navy Marine Species Monitoring Program).
In addition, historical records, including news clippings of historical strandings and whaling data,
were cited when available. Databases explored during the course of this project included Google
Scholar, Web of Science, the Navy EndNote library, PubMed, Scopus, the Navy Marine Species
Monitoring Program website, edited academic book chapters, and statistical data from government
websites (e.g., NOAA national stranding database). Publications were sorted based on categories;
for example, species occurrence, density estimates, response to sound, and strandings.

In addition to the literature search, a data call was conducted via email to 69 research scientists,
requesting unpublished data or any information that may not be available to the general public. Of
the 69 scientists queried, 30 responded. Responses included lists of references, publications,
unpublished manuscripts, manuscripts and book chapters in preparation, technical reports,
conference presentations, and a BW stranding database.

All data and literature gathered were screened for relevance to geographic and environmental
conditions in the MITT Study Area, the BW species present in the MITT Study Area (occurrence,
density, ecology, and behavior), behavioral responses to anthropogenic disturbance worldwide, and
causes of strandings worldwide.

All available data from visual and acoustic surveys in and near the MITT Study Area were reviewed
and compiled. BW encounters were summarized by survey and related to the amount of survey
effort undertaken (Table 1 and Section 4).

3.1 GeoPDF

The Navy evaluated the existence of environmental “Bahamas Factors” (see Section 10; Evans et
al. 2001) in the Mariana Islands to examine whether there were areas where a confluence of factors
existed to contribute to susceptibility of a coincident stranding. The factors were visualized in a
“GeoPDF,” which is a PDF figure with layers showing the various factors that can be toggled on or

6 | May 2025



Beaked Whale Occurrence, Distribution, and Behavior in the MITT Study Area l_)?

off (Appendix B). The factors examined included bathymetry, surface ducting, limited egress, and
BW density.

3.1.1 Bathymetry

Bathymetry refers to the depths and contours of underwater topography. Understanding the
bathymetry of a region can help determine the potential presence of marine species. The potential
for high bathymetric relief in the MITT Study Area was analyzed. Data from the 2020 General
Bathymetric Chart of the Oceans (GEBCO; https://www.gebco.net/) was used to determine the
presence and characteristics of areas with high bathymetric relief.

Areas of high bathymetric relief exist throughout the region. Bathymetry does not vary seasonally, so
this layer within the GeoPDF is static. Two cutoff values were used to find areas of high relief. A
location with a gradient greater than or equal to 1,000 m (3,281 feet) over 9 km (5 nm) (1,000 m over
9,260 m [3,281 to 30,381 feet]) was set to a risk score of 4, the highest risk value associated with
bathymetric gradients. Any gradient greater than or equal to 500 m (1,640 feet) over 9 km (5 nm)
(500 m over 9,260 m [1,640 to 30,381 feet]) and less than 1,000 m (3,281 feet) over 9 km (5 nm)
(1,000 m over 9,260 m [3,281 to 30,381 feet]) was assigned a risk score of 2. All other locations do
not meet the definition of high bathymetric relief and did not receive a score (see Section 10 and
Appendix A).

3.1.2  Surface Ducting

A surface duct is a layer of water that causes acoustic energy to converge or become trapped. When
the acoustic energy is trapped, it propagates further than it would in a well-mixed ocean, where
sound rays can travel through deeper depths in the water column. Created by increasing sound
speed with depth, surface ducts refract acoustic rays back towards the surface. Often starting at or
near the ocean surface as a result of mixed layer formation, the top of a surface duct is defined as a
sound velocity profile (SVP) minimum. The bottom is defined by a sound speed maximum.

To determine the presence and characteristics of a surface duct, sound speed profiles that were
created from modeled oceanographic data were used (2016 Hybrid Coordinate Ocean Model
[HYCOM]). Data from the HYCOM database was used directly without modification. Because
surface ducting is seasonally variable, there are two layers of surface duct risk (warm and cold)
based on seasonality.

Surface ducting layers reflect the seasonal probability of an acoustic surface duct forming within the
top 150 m of the water column. A cutoff of 5 m?/s was used to differentiate high and low probabilities
of surface ducting. Regions within the analyzed area of interest with no data shown for surface duct
risk showed no possibility of duct formation and were not scored.

3.1.3 Limited Egress

Areas of limited egress are found along complex coastlines. A complex coastline is defined as a
coastline that is not linear (e.g., bays or inlets are present). The more complex the coastline, the
higher the possibility that marine mammals or sea turtles that may have an adverse response after
exposure to anthropogenic sources could be trapped in areas with limited escape routes available.
Anthropogenic sound sources may act as an acoustic barrier, limiting the direction marine mammals
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and sea turtles will want to travel. The probability of trapping animals near coasts decreases as
coastal features become too small, narrow, or short (i.e., less complex), and animals can easily
swim past narrow coastal features.

In addition to narrowly spaced (or short or small coastal features) coastlines having a decreased
probability of trapping marine mammals or sea turtles, at some characteristic large length scale, the
curvature (or width) of a coastline becomes too large to confine marine mammals or sea turtles.
Findings from the Joint Interim Bahamas Stranding Report (Evans et al. 2001) define this distance
as 35 nm. A bay that has a mouth wider than 35 nm is therefore not considered to be an area of
potential limited egress.

In this analysis, areas of limited egress are defined as embayments or similar features that are
greater than 0.5 nm from the most seaward point to the most inshore point and less than 65 km (35
nm) in width. The minimum size was determined by using an order of magnitude of one or two sizes
larger than the average size of a large marine mammal (10s of m), excluding areas of complex
coastline that may be too narrow, short, or small, therefore unlikely to pose a threat to trapping
animals. This definition has been used in Navy and NOAA documents.

Using these predefined criteria analyzed against the NOAA Pacific Islands Continually Updated
Shoreline Product (CUSP) dataset, no areas of limited egress were identified in the Mariana Islands,
so limited egress was not included in the total risk score. The method was designed to analyze large
coastlines. If this process is used during future analyses, the limited egress processing methodology
could be refined to better capture features of local morphology based on the best available coastline
data.

3.1.4 Beaked Whale Density

The BW density data recently available contains more accurate/updated density values than the last
round of MITT effects modeling (DON In Preparation). However, three of the four BW species or
signal type density layers remain static, and the other two are nearly static (two stratified values in
each) because there is not enough data to calculate seasonal densities. Therefore, for the purposes
of the GIS layer in the GeoPDF (Appendix B), the two stratified densities for Cuvier's and
Blainville’s essentially divide the study areas into higher and lower densities along a longitudinal line.

3.2 Two-Factor Risk Totals

The scored bathymetry and surface ducting layers were merged to produce an additive combined
risk score. The lowest possible score is 1, where only level 1 surface ducting is present. The highest
possible score is 6, a result of overlap between level 2 surface ducting and level 4 bathymetric relief.
Areas that contain neither surface ducting nor bathymetry scores are simply blank within the layer
rather than being scored 0.

For increased visual readability for combined risk, numerical scores were grouped into categories: 1,
2 = Low; 3, 4 = Moderate; 5, 6 = High. One layer per season was created to account for surface
ducting variability.

Regionally and in the MITT Study Area, there are warm and cold seasons, defined as follows based
on input data parameters: March—August = warm, September—February = cold.
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All data was collectively examined for patterns that may have been missed in the individual studies
and to identify any gaps in effort or analysis.

4 Summary of Beaked Whale Survey Effort in
the Mariana Islands from 2007 to 2022

Dedicated surveys for marine mammals, including BWs, have been conducted in the Mariana
Archipelago since 2007 (Table 1). All but a few were fully or partly funded by the Navy. A brief
summary of these survey efforts is provided below, categorized by data collection method and
survey type.

The methods used to collect BW information within the MITT Study Area consist of:
e Visual Surveys (Section 4.1)
o Aerial (Section 4.1.1)
o Small Vessel (Section 4.1.2)
o Large Vessel (Section 4.1.3)
o Shore-Based (Section 4.1.4)
e Acoustic Surveys (Section 4.2)
o Towed Array (Section 4.2.1)
= SoundTrap ST300HF Hydrophone Trans-Oceanic Row Expedition
o Moored PAM Sensors (Section 4.2.2)
» Ecological Acoustic Recorders (EARS)
* High-frequency Acoustic Recording Packages (HARPSs)
* Rockhoppers
o Drifting PAM — Drifting Acoustic Spar Buoy Recorders (DASBRs) (Section 4.2.3)

o Autonomous Underwater Vehicles (AUVs) — Seagliders (Section 4.2.4)

e Satellite Tagging (Section 4.3)
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Table 1. Marine Mammal Survey Effort Conducted in the Mariana Archipelago.

Beaked Sighting/ Number
Performer and Survey Type Source Whale Detection BW Species Detected of Survey
Encounter Date Days

Survey Date

Visual Surveys

Aerial Surveys

Marine Mammal Research

2007 13-17 August C . Mobley 2007 Yes 14-Aug Cuvier's Beaked Whale 5
onsultants aerial survey
Aerial Survey Day Total 5
Small Vessel Surveys
2011 17 February—3 March HDR 2011 - 15
2012 15—20?\//Iarch HDR small boat survey HDR 2012 No - 5
2010 9 February—3 March Oleson and Hill 2010 No - - 16
2011 R Hill et al. 2011 No - - 30
. 3-Jun Mesoplodon Beaked Whale
2012 25 May-3 July Hill et al. 2014 Yes 10-Jun Unidentified Beaked Whale 31
2013 22 June—27 July Hill et al. 2013 No - - 30
2014 11-27 April Hill et al. 2014 No - - 15
16-May Mesoplodon Beaked Whale
1-Jun Mesoplodon Beaked Whale
2014 15 May—20 June Hill et al. 2014 Yes 4-Jun Cuvier's Beaked Whale 30
Blainville’s Beaked Whale
18-Jun
PIFSC small boat survey Unidentified Beaked Whale
2015 26 February—8 March* Hill et al. 2016 No - - 8
2015 13 August-8 Hill et al. 2016 Yes 28-Aug Blainville’s Beaked Whale 21
September
2016 2—-13 March* Hill et al. 2017 No - - 9
2016 7 May—5 June Hill et al. 2017 Yes 25-May Mesoplodon Beaked Whale 24
30-May Mesoplodon Beaked Whale
2017 11-22 February* Hill et al. 2018 No - - 6
2017 6-26 May Hill et al. 2018 Yes 14-May Unidentified Beaked Whale 17
2018 17-26 February* Hill et al. 2019a No - - 8
2018 deﬁ?griit;? Hill et al. 2019b No - - 14
2019 9-26 January* Hill et al. 2020b No - - 11
Small Boat Survey Day Total 290
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Beaked
Whale
Encounter

Number
of Survey
Days

Sighting/
Detection
Date

Source BW Species Detected

Survey Date

Performer and Survey Type

Large Vessel Surveys

9-Feb Unidentified Beaked Whale
2007 16 January—12 April Mantech shipboard survey DON 2007; Fulling et al. 2011 Yes 11-Feb Mesoplodon Beaked Whale 87
16-Feb Mesoplodon Beaked Whale
2013 7-24 August Tetra Tech shipboard survey Tetra Tech 2014 Yes 20-Aug Cuvier's Beaked Whale 14
2010 ZOF":g‘rﬂzg‘G Oleson and Hill 2010 No - - 18
2010 20 March—11 April Oleson and Hill 2010 No - - 23
2010 19 April-3 May Oleson and Hill 2010 No - - 15
12-May Mesoplodon Beaked Whale
12-May Blainville’s Beaked Whale
23-May Blainville’s Beaked Whale
2015 8 May-5 June . 30-May Mesoplodon Beaked Whale 26
: Hill et al. 2020a ves 30-May Mesoplodon Beaked Whale
RIFSC shipboard survey 5-Jun Mesoplodon Beaked Whale
5-Jun Mesoplodon Beaked Whale
2018 9 July—1 August 23-Jul Cuvier's Beaked Whale 22
18-May Longman’s Beaked Whale
24-May Mesoplodon Beaked Whale
4-30 May; 15 June—13 26-May Mesoplodon Beaked Whale
2021 yJU|y Yano etal. 2022 ves 30-Jun Mesoplodon Beaked Whale 59
7-Jul Cuvier's Beaked Whale
7-Jul Cuvier's Beaked Whale
Shipboard Survey Day Total 264
2013 11-20 May HDR shore station survey Deakos et al. 2016 No - - 10
2015 3-12 March HDR shore station survey Deakos et al. 2016 No - - 10
Shore-based Survey Day Total 20
Visual Survey Day Total 579
Moored PAM Surveys
No
22%2%/ 4 April-17 October Sl Ez;nce lisifiuitz Munger and Lammers 2020 (s;)anrlr;lp‘l;gg - - 197
kHz)
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Beaked

Sighting/

Number

Survey Date Performer and Survey Type Source Whale Detection BW Species Detected of Survey
Encounter Date Days
2011/ 10 September—6 .,
2012 January Munger et al. 2015 Yes - (SIETS (el Es] Wil (1)) 47
- Blainville’s Beaked Whale (117)
2012 6 April-22 September
607
2010 5 March-25 August (Saipan)
2010 27 April-19 October
2011 13 April-22 November o
2012 20J 11 Jul Blainville’s Beaked Whale
= une—11 July Oleson et al. 2015 Yes - Cuvier's Beaked Whale 550
5015 23 June—14 May Cross Seamount Beaked Whale it
22(())1122/ 23 June—24 November PIFSC HARP
2013 2 August—-8 March
2013/ . Blainville’s Beaked Whale 328
2014 21 July=13 June Hill et al. 2015 ves : Cross Seamount Beaked Whale | (Tinian)
Blainville’s Beaked Whal
2015- | 25 May 2015-11 April Baumann-Pickering et al. Ves ) gl'j:‘i’érsze:iedeh;ee 688
2017 2017 2018, 2023 (Pagan)
Cross Seamount Beaked Whale
Cuvier's Beaked Whale, Cross
2022 | 26 May—22 November Comnell Rockhopper Klinck et al. 2024 Yes ; U nﬁiﬁﬂ}iﬁ"‘s'iiiiﬁdvvvﬁﬂea » 180
Blainville’s Beaked Whale
Moored PAM Survey Day Total 2,597
Towed Array PAM Surveys
20 January—6
2010 N - - 27
February PIFSC Towed Array Oleson and Hill 2010 °
2010 19 April-3 May No - - 15
15, 17, 18 L
co Bl lle’s Beaked Whal
2013 7-24 August Tetra Tech Towed Array Tetra Tech 2014 Yes August ainviie's Beaked Tihale 18
18 August Cuvier's Beaked Whale
12, 23 May Blainville’s Beaked Whale***
12, 30
2015 8 May-5 June PIFSC Towed Array Hill et al. 2020a Yes May; 5 Mesoplodon Beaked Whale*** 26
June
- Unidentified Beaked Whale
- Cuvier's Beaked Whal
2018 9 July—1 August PIFSC Towed Array Hill et al. 2020a Yes uvier s Beaked TThare 24

Blainville’s Beaked Whale
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Beaked Sighting/ Number
Survey Date Performer and Survey Type Source Whale Detection BW Species Detected of Survey
Encounter Date Days
- Longman’s Beaked Whale
18 May Longman’s Beaked Whale**
2021 | 430 Mayj 15 uiie=ie PIFSC Towed Array Yano et al. 2022 Yes ; Blainville's Beaked Whale 58
uly
- Cuvier's Beaked Whale
Towed Array PAM Survey Day Total 168
Drifting PAM Surveys
Cuvier's Beaked Whale
: Blainville’s Beaked Whale
2018 9 July—1 August PIFSC DASBR el gf’jf’g’o“z"fcu"°“9h Yes ; Cross Seamount Beaked Whale 12
’ Longman’s Beaked Whale
Unidentified Beaked Whale
- Cuvier's Beaked Whale
- Blainville’s Beaked Whale
2021 3 May—13 July PIFSC DASBR VEmD CUE 2%§Badger chelh Yes - Longman'’s Beaked Whale 24
- Cross Seamount Beaked Whale
- Mesoplodon Beaked Whale
Drifting PAM Survey Total 36
Autonomous PAM Surveys
- Blainville’s Beaked Whale
A " Sl,\le(f\}zmgzr'_14 Cornell and Oregon State Klinok etal. 2015 ves : Possible Uwsglﬁeﬁed Boaled 7
Seaglider - Blainville's Beaked Whale
2015 2 March-27 April Klinck et al. 2016 Yes - Cross Seamount Beaked Whale 47
Autonomous PAM Survey Day Totals 104
Total Number of Acoustic Survey Days 2,905
Total Number of Survey Days (Visual and Acoustic) 3,484***

*The winter 2015-2019 small vessel surveys were dedicated to humpback whales in the waters surrounding the islands of Saipan, Tinian, and Aguijan within the
southern portion of the Mariana Archipelago.

**Encounter was concurrently detected both visually and acoustically.

***During PIFSC large vessel surveys, there were simultaneous visual and acoustic effort days.
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4.1 Visual Surveys
4.1.1 Aerial

Aerial surveys were conducted from 13—17 August 2007, following the completion of the “Valiant
Shield” Navy exercises in waters off the Mariana Islands. Survey effort was conducted over
approximately 2,352 km (1,270 nm) over the course of five days, with transect grids distributed
randomly throughout a 163,300 square kilometer (km?) target area (Mobley et al. 2007). The size
and placement of transect grids were limited by the range of the twin-engine Cessna 337. The first
day of the survey effort involved circumnavigating the islands of Guam and Rota to detect any dead
or stranded animals; however, none were detected. The remaining four survey days involved flying
randomly distributed transect grids in the waters east of Guam and Rota. One Cuvier's BW was
observed off Guam along the southern portion of the Mariana Trench during the five-day survey
period (Mobley et al. 2007) (Table 1, Figure 3).

41.2 Small Vessel

Non-systematic small-vessel marine species monitoring surveys were conducted around the island
of Guam from 17 February to 3 March 2011 in order to document marine mammal distribution (HDR
2011). These visual surveys covered an area of 1025 km (553 nm) of trackline during 10 survey
days, for a total of 72 survey hours. Vessels remained within 6 km, or 3 nm, of the coastline, and no
BWs were encountered. Small vessel surveys were again conducted from 15 to 29 March 2012
around the islands of Guam and Saipan (HDR 2012). A total of 664 km (359 nm) of trackline was
covered during 11 survey days, totaling 80 survey hours. Again, non-systematic survey methods
were employed in order to maximize survey effort during less-than-ideal weather conditions. During
the 11-day survey, no BWs were encountered (HDR 2012).

From 2010 to 2021, in a cooperative effort with funding support from the U.S. Navy Pacific Fleet
(USPACFLT), the Pacific Islands Fisheries Science Center (PIFSC) conducted summer and winter
non-systematic small- and large-vessel surveys (see Large Vessel, Section 4.1.3) in the MITT Study
Area off the southernmost islands (Saipan, Tinian, Aguijan, Rota, and Guam) (Oleson and Hill 2010;
Hill et al. 2011, 2013, 2014, 2015, 2016, 2017, 2018, 2019a, 2019b, 2020a; Yano et al. 2022) (Table
1). Small vessel surveys ended in 2019 (Hill et al. 2020a). As part of this cooperative effort, PIFSC
conducted 270 days of surveys and completed 24,305 km (13,124 nm) of on-effort trackline. A third
of the total on-effort survey trackline distance (7,399 km or 3,995 nm) was inside the 200-m isobath;
24 percent (1,766 km or 954 nm) of that was attributed to winter effort targeting humpback whales
(Megaptera novaeangliae) in shallow water (Hill et al. 2020a, 2020b). Most of the survey effort
occurred in the summer months (May—September), and there was no effort during October—
December (Hill et al. 2020a). The small vessel surveys resulted in 11 sightings of BWs (two
Blainville’s, one Cuvier’s, five Mesoplodon sp., and three unidentified BWs) (Table 1, Figure 3). One
Blainville’s BW was biopsy sampled.

4.1.3 Large Vessel

In 2007, the first large vessel systematic line-transect visual survey was conducted in the waters of
Guam and the CNMI (Mariana Islands Sea Turtle and Cetacean Survey [MISTCS]) and in portions of
the Exclusive Economic Zone (EEZ) during January—April with the goal of estimating marine
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mammal distribution and abundance (DON 2007; Fulling et al. 2011). MISTCS was conducted from
16 January to 13 April 2007 (boreal winter) and divided into four legs (~21 days per leg); all port calls
were at Apra Harbor, Guam. The team visually surveyed 11,033 km (5,957 nm) of trackline, with
bottom depths ranging from 114 to 9,874 m (374 to 32,395 feet). The majority of the survey was
conducted in Beaufort Sea states (BSS) greater than 4. The only BWs encountered were two
Mesoplodon sp. and one unidentified BW over the 70 days of surveying (Fulling et al. 2011) (Table
1, Figure 3).

In 2010, PIFSC conducted large-vessel visual and passive acoustic surveys in conjunction with
small-vessel surveys (see Section 4.1.2) on the high seas between Honolulu and Guam from 20
January to 6 February, 20 March to 11 April, and 19 April to 3 May (Oleson and Hill 2010). During
these surveys, no BWs were encountered (Table 1).

In 2013, a large vessel line-transect survey combined with small vessel rigid-hulled inflatable boat
(RHIB) non-systematic surveys was conducted from 7 to 24 August 2013 off Tinian, Pagan, and
Saipan to estimate the occurrence and abundance of marine mammals (Tetra Tech 2014). A total of
72 km (39 nm) of predetermined transect lines were completed at Tinian on August 7. RHIB surveys
were conducted on 8 and 9 August. At Pagan, 11 days of research were conducted, and a total of
446 km (241 nm) was completed on predetermined transect lines over five days (four full line-
transect days and one partial day consisting of two hours of line-transect work) (Tetra Tech 2014).
RHIB surveys were conducted on five days off Pagan and one day off Saipan. Two Cuvier's BWs
were observed over the 14-day survey period (Table 1).

The 2015 and 2018 large vessel visual and passive acoustic line-transect Mariana Archipelago
Cetacean Surveys (MACS) were conducted by PIFSC. The surveys focused on occurrence, relative
abundance, and population structure and involved the collection of marine mammal photo-
identification (photo-ID) for catalog development, skin and blubber biopsy sampling, and satellite
telemetry tag deployments (Hill et al. 2020a). From 8 May to 5 June 2015, the MACS 2015
systematic effort was conducted along 1,996 km (1,078 nm) of trackline, and the non-systematic
effort from the ship was conducted along 1,924 km (1,039 nm) of trackline. The survey tracklines
covered a wide range of depths, from shallow (less than 100 m [328 feet]) nearshore waters to
nearly 7,000 m (22,966 feet) deep waters offshore, but most (75 percent) of the effort was in 1,400—
3,800 m (4,593-12,647 feet) depth (Hill et al. 2020a). The MACS 2015 study area focused on waters
within 93 km (50 nm) of the entire island chain (Hill et al. 2020a). There were seven BW sightings
(two Blainville’s and five Mesoplodon sp.) during the 26 days surveyed in 2015 (Table 1, Figure 3)
(Hill et al. 2020a).

From 9 July to 1 August 2018, the MACS 2018 study area focused on the waters to the west of the
islands (from Pagan south), where systematic effort was conducted along 2,164 km (1,168 nm) of
trackline, and non-systematic effort was conducted along 1,124 km (607 nm) of trackline. Survey
effort covered depths from 10 m to 4,700 m (33 to 15,420 feet), but more than half (57 percent) of
the overall survey trackline was in water depths greater than 3,000 m (9,843 feet) (Hill et al. 2020a).
There was one Cuvier's BW sighting during the 22 days surveyed in 2018 (Table 1, Figure 3).

In the summer of 2021, PIFSC conducted a large vessel visual and passive acoustic line-transect
survey (MACS 2021), part of the multi-year Pacific Marine Assessment Program for Protected
Species (PacMAPPS), to collect data required to estimate abundance and distribution, examine
population structure, and understand the habitat of cetaceans within U.S. waters around the Mariana
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Archipelago (Yano et al. 2022). The project was conducted during two survey legs: Leg 1 sailed from
4 to 30 May, and Leg 2 sailed from 15 June to 13 July 2021. During 59 days at sea, 8,712 km (4,704
nm) of on-effort trackline were surveyed. The study area included waters surrounding the Mariana
Archipelago out to 370 km (200 nm) from shore, which is the U.S. EEZ surrounding Guam and the
CNMII. Nearshore waters around Farallon de Pajaros, Maug, Asuncion, Agrihan, Pagan, Alamagan,
Anatahan, and Sarigan were surveyed non-systematically (Yano et al. 2022). During the visual
surveys, photo-ID images and biopsy samples were collected. Beaked whale sightings during the
59-day survey included two Cuvier’s, a Longman’s, and three unidentified Mesoplodon BWs (Yano
et al. 2022) (Table 1, Figure 3).
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Figure 3. Vessel- and aerial-based sightings of beaked whales recorded in the Mariana
Islands Training and Testing Study Area from 2007 to 2021.
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414 Shore-Based

To estimate cetacean species presence, abundance, distribution, and group dynamics in nearshore
areas off Guam where harbor location and sea state precluded vessel-based surveys, systematic
shore-based scans were performed over 10 days in May 2013 and 10 days in March 2015. Surveys
were conducted from north-facing (193 m elevation) and northeast-facing (143 m elevation) shore
stations using 25 x 150-millimeter (mm) Big Eye binoculars (Deakos et al. 2016). Both shore stations
were located on Andersen Air Force Base and chosen based on their high elevations, which
provided a large visual area for monitoring. The Northeast Station was on the northeastern corner of
Guam, facing the windward side. The North Station was on the northeastern corner of Guam, facing
north towards the island of Rota. During these surveys, 25 cetacean sightings were recorded, with
the furthest sighting being 15 km (8 nm) from shore, but no confirmed BWs were observed during
the entire 20 days surveyed. The average BSS was 5.3 at Shore Station 1 with 16 sightings and an
average sighting depth of 110 m (361 feet), compared with an average BSS of 3.4 at Shore Station 2
with nine sightings and an average sighting depth of 444 m (1,457 feet) (Deakos et al. 2016).

4.2  Acoustic Surveys
421 Towed Arrays

In addition to visual survey operations during the 2007 MISTCS, a two-element hydrophone array
(frequency response from approximately 100 hertz [Hz] to 45 kilohertz [kHz]) was towed from the
ship during daylight hours to detect acoustic signals from vocalizing cetaceans (Fulling et al. 2011;
Norris et al. 2014). Towed array survey effort was conducted during 99 percent of sea days for 762
hours and 11,478 km (6,198 nm) of total acoustic survey effort, resulting in an average of 11
hours/day of acoustic survey effort over the entire survey period (Norris et al. 2014). Vocalizations
for 12 species of cetaceans were recorded from the towed arrays; however, no BWs were detected
during the 70 days surveyed (Fulling et al. 2011; Norris et al. 2014). It is possible that the two-
hydrophone array was not capable of recording BW click frequencies because of the limited
frequency response.

During a large vessel line-transect survey in 2013, described in Section 4.1.3, towed arrays were
deployed from the vessel and a RHIB within 6 km (3 nm) of Pagan during the perimeter survey (i.e.,
along the 6 km [3 nm] survey area boundary) and during the transits to and from Pagan (Tetra Tech
2014). The towed array consisted of three hydrophone elements: one mid-frequency (APC; 250 Hz
to 35 kHz) and two high-frequency Reson hydrophones (1.6 to 170 kHz) separated by 1 m (3 feet).
The array was attached to a cable and typically towed 40 to 80 m (131 to 262 feet) behind the RHIB.
During the survey at Pagan, there were six BWs detected (five Blainville’s and one Cuvier’s) (Tetra
Tech 2014).

Combined with visual surveys in 2015, 2018, and 2021, PIFSC conducted PAM-based shipboard
surveys within the EEZ using a towed hydrophone array (Hill et al. 2020a; Yano et al. 2022). Towed
array surveys were conducted during all daylight hours. During the MACS 2015 survey, the towed
array consisted of seven hydrophones (High Tech Inc. [HTI] 96-minute) within two array segments
(three hydrophones within an inline array and four within an end array) separated by 30 m (98 feet)
of cable and towed 300 m (984 feet) behind the ship, sampling at 500 kHz. Hill et al. (2020a)
reported one acoustic detection of a Mesoplodon BW (unable to determine species) and one of
Blainville's BW recorded during sightings, as well as one unidentified BW acoustic detection that was
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not seen over 26 days of acoustic monitoring within the MITT Study Area (Table 1, Figure 4) (Hill et
al. 2020a).

The towed array data from the MACS 2018 survey were collected simultaneously from six
hydrophones (HTI 96-minute), three within an inline array and three within an end array, with the
arrays separated by 30 m (98 feet) of cable, and sampling at 500 kHz (Hill et al. 2020a). Five groups
of Blainville’s BWs, two groups of Cuvier's BWs, and one group of Longman’s BWs were
acoustically detected but not seen over 24 days of acoustic monitoring within the MITT Study Area
(Hill et al. 2020a) (Table 1, Figure 4).

The towed array used during the MACS 2021 survey contained an inline array and an end array with
a total of six HTI-96-minute hydrophones separated by approximately 30 m (98 feet) of cable and
was deployed approximately 300 m (984 feet) behind the ship, sampling at 500 kHz from sunrise to
sunset during each day of the survey (Yano et al. 2022). Nineteen groups of Blainville’s BWs, 12
groups of Cuvier's BWs, and one group of Longman’s BWs were detected over 58 days of acoustic
monitoring in the MITT Study Area (Table 1, Figure 5). The Longman’s BW encounter was
concurrently detected both visually and acoustically (Yano et al. 2022) (Table 1, Figure 4).
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O Blainville’s beaked whale
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/A Mesoplodon beaked whale
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Figure 4. Beaked whale encounters by species during the Pacific Islands Fisheries
Science Center 2010-2019 small boat surveys (red symbols) and the Mariana
Archipelago Cetacean Surveys in 2015 (orange symbols) and 2018 (yellow symbols).

Notes: Solid symbols represent visual encounters and hollow symbols represent acoustic-only detections of beaked
whales on the towed array. Source: Hill et al. 2020a.
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Figure 5. Sightings and ship-based acoustic detections (from towed array) of beaked
whales during the Pacific Islands Fisheries Science Center Mariana Archipelago
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by the dashed black outline. Source: Yano et al. 2022.

acoustic detections are shown as red asterisks. Acoustic detections without concurrent visual sightings are shown as

green circles. All sightings are shown, independent of visual effort type (gray lines). The MITT Study Area is marked
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4.2.1.1 SoundTrap ST300HF Hydrophone Trans-Oceanic Row Expedition

From June 2021 to March 2022, a solo, manned trans-oceanic rowing expedition was conducted in a
custom 7-m (23-foot) rowboat from Crescent City, California, to Legazpi in the Philippines, with stops
in Hawaii, Guam, and the Mariana Islands (Barlow and Erug 2023). During the expedition, acoustic
detections of cetaceans were collected from a towed underwater recording device (SoundTrap
ST300HF hydrophone). Acoustic data were digitized by the ST300HF at a rate of 288 kHz, which
provided a usable recording range from 20 Hz to 144 kHz. Among the forty-four acoustic detection
events, eleven BW detections were found (Blainville’s BW, Cuvier's BW, and the BWC [Barlow and
Erug 2023]). Most BW detections occurred from the west side of Hawaii to Guam (Figure 6). No
BWs were detected within the MIRC (Figure 7).

North Latitude

East Longitude

Figure 6. Rowed path from Crescent City, California, to Guam, Mariana Islands (black
line), sections with a towed hydrophone (cyan), and acoustic detection locations for
beaked whales (n = 11; orange triangles) and sperm whales (n = 1; magenta triangle).

Notes: Some detections were too close to each other to be discerned on this scale. Source: Barlow and Erug 2023.
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Figure 7. Rowed path (black line) with Cuvier’s beaked whale acoustic detection events
(white circles) closest to the Mariana Islands.

Notes: Only detections close to the MITT Study Area are shown. Source: Barlow and Eruc 2023.
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42.2 Moored PAM Sensors

4221 EARS

Acoustic data were recorded using EARs deployed at Pagan and Maug at depths between 10 and
20 m (Munger and Lammers 2020). The Maug EAR recorded from 29 April 2009 to 17 October
2010, and the Pagan EAR recorded from 23 April 2009 to 23 February 2010 (Table 1). The EARs
sampled at 40 kHz for an effective bandwidth of 20 kHz, with a recording duty cycle of 30 seconds
on at 15-minute intervals. The search effort focused on winter months (January to March), when
humpback whales were most likely to be detected, as well as adjacent months in late autumn and
early spring when data were available. No BWs were detected, although a sampling rate of 40 kHz
would not likely capture largely higher-frequency BW vocalizations (McGaughey et al. 2021).

Four EARs were deployed at two sites off Guam, one at Saipan and one at Tinian, in September
2011 and again in April 2012 (Figure 8). EAR recording durations ranged from 63 to 119 days
during the first deployment (September 2011-January 2012) and 16 to 168 days during the second
deployment (April-September 2012) (Munger et al. 2015) (Table 1). During the first deployment, four
EARs sampled at 80 kHz, providing an effective bandwidth of approximately 0 to 40 kHz (anti-
aliasing = 90 percent), with a recording duty cycle of 30 seconds on every 6 minutes (8 percent).
During the second deployment, the recording duty cycle interval was changed to 30 seconds on
every 10 minutes (5 percent). EAR data were investigated using the Class-Specific Support Vector
Machine (CS-SVM) as part of the Marine Mammal Monitoring on Navy Ranges (M3R) detection and
classification software (Jarvis et al. 2008; Jarvis 2012) and custom MATLAB programs. Among the
6,582 recorded files, the following BWs were detected (n = M3R CS-SVM files that met revised
interpretation criteria, and the number of files examined manually for species confirmation is in
parentheses): Blainville’s BW, n = 117 (23); Cuvier's BW, n = 517 (33) (Munger et al. 2015) (Table
1). Files containing confirmed BWs (Cuvier’'s and/or Blainville’s) were recorded on all EARs except
the southwest Guam site and were detected in both deployments (Munger et al. 2015).
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Figure 8. Map of MIRC EAR deployments. Yellow pushpins indicate EAR deployments.
Source: Munger et al. 2015.

4222 HARPS

PIFSC has maintained three long-term PAM sites within the Mariana Archipelago as part of the
Pacific Islands Passive Acoustic Network (PIPAN) (Figure 9). Monitoring sites at Saipan and Tinian
have been occupied since 2010 and 2011, respectively, and at Pagan for two years from 2015 to
2017 (Hill et al. 2020a; Baumann-Pickering et al. 2018, 2023). The Pagan site was re-occupied
during the summer of 2018, while the Tinian site was discontinued in the summer of 2019. The
Saipan site continues to be monitored, and its HARP is scheduled to be serviced in the summer of
2024. At each site, HARPs were used to record cetacean and noise data from 10 Hz to 100 kHz. All
recordings were duty-cycled to conserve battery life and allow recordings to last a full year. HARPs
were configured as moorings, anchored on the seafloor with the hydrophone suspended 30 m
above.
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Figure 9. PIPAN HARP monitoring sites within the Mariana Islands Testing and Training
Study Area. HARP locations taken from Baumann-Pickering et al. 2023.
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From 2010 to 2013, BWs were detected on 291 of 607 (50 percent) monitoring days at Saipan and
173 of 550 (31 percent) monitoring days at Tinian. Only the most complete year of acoustic data
(2012—-13; deployment 3: Saipan03 and Tinian03) was processed to species-level for BWs (Table
2). At both Saipan and Tinian, three different BW FM pulse signal types were recorded: those
produced by Blainville’s BWs, Cuvier's BWs, and the BWC type (Oleson et al. 2015). HARPs were
duty cycled to 5 minutes of recordings over a recording interval that varied between deployments
(Table 2).

From July 2013 to June 2014, HARP data were collected at the Tinian site with a recording duty-
cycle of on for 5 minutes and off for 2 minutes (Hill et al. 2015; Baumann-Pickering et al. 2023).
Blainville’s BWs and BWC were detected.

Blainville’s BWs were the most detected BW at all Mariana Islands PIPAN HARP sites, though
Cuvier's BWs and BWC were also heard sporadically at all three locations (Oleson et al. 2015; Hill et
al. 2015, 2020a; Baumann-Pickering et al. 2014, 2018, 2023) (Figure 10). Strong differences were
found in acoustic detection rates across the three monitoring locations, especially at Tinian, which
may be a product of the bathymetry (Hill et al. 2020a). The Tinian HARP was deployed on a steep
slope, relatively close to the island, while the HARPs at the other two locations were on a flatter
seafloor further away from the island (Hill et al. 2020a). Over 688 days, from May 2015 to April 2017
(Table 2), the Pagan HARP detected Blainville’s BWs, Cuvier's BWs, and BWC. The Tinian HARP
detected Blainville’s BW, Cuvier's BW, and BWC over a period of 1,548 days from April 2011 to
November 2016, and Saipan detected Blainville’s BWs, Cuvier's BWs, and BWC from March 2010 to
June 2018, consisting of 2,129 recording days (Baumann-Pickering et al. 2023) (Table 2).

Additional deployments have also since been recovered and are pending analysis (Saipan 09-11,
Tinian 09, and Pagan 02-03). Saipan 12 is currently deployed and is due to be recovered in July
2024 (and will be re-deployed as Saipan 13).
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Table 2. Overview of HARP deployments at Saipan, Tinian, and Pagan from 2010 to 2018.

HARP - Number of
HARP Deployment Effort Dates Beaked Whale Species Detected Effort Days

Saipan Saipan 01 5 March 2010 - 25 August 2010 Blainville's BW, Cuvier's BW, Cross Seamount BW 174
Saipan 02 27 April 2011 - 19 October 2011 Blainville's BW, Cuvier's BW, Cross Seamount BW 176

Saipan 03_disk01* 20 June 2012 - 11 July 2012 Blainville's BW 22

Saipan 03_disk03-13* 2 August 2012 - 8 March 2013 Blainville's BW, Cuvier's BW, Cross Seamount BW 219

Saipan 04 23 July 2013 - 17 January 2014 Blainville's BW, Cuvier's BW, Cross Seamount BW 179

Saipan 05 18 June 2014 - 17 April 2015 Blainville's BW, Cuvier's BW, Cross Seamount BW 304

Saipan 06 13 May 2015 - 2 May 2016 Blainville's BW, Cuvier's BW, Cross Seamount BW 356

Saipan 07_disk01* 30 May 2016 - 24 June 2016 Blainville's BW, Cuvier's BW, Cross Seamount BW 26

Saipan 07_disk03-15* 19 July 2016 - 17 May 2017 Blainville's BW, Cuvier's BW, Cross Seamount BW 303

Saipan 08 29 May 2017 - 2 June 2018 Blainville's BW, Cuvier's BW, Cross Seamount BW 370

Tinian Tinian 02 13 April 2011 - 22 November 2011 Blainville's BW, Cuvier's BW, Cross Seamount BW 224
Tinian 03 23 June 2012 - 14 May 2013 Blainville's BW, Cuvier's BW, Cross Seamount BW 326

Tinian 04 23 July 2013 - 15 June 2014 Blainville's BW, Cross Seamount BW 328

Tinian 05 26 June 2014 - 11 November 2014 Blainville's BW, Cross Seamount BW 139

Tinian 06 13 May 2015 - 17 May 2016 Blainville's BW, Cross Seamount BW 371

Tinian 07 30 May 2016 - 5 November 2016 Blainville's BW, Cuvier's BW, Cross Seamount BW 160

Pagan Pagan 01 25 May 2015 - 11 April 2017 Blainville's BW, Cuvier's BW, Cross Seamount BW 688

Notes: beaked whale (BW). * There was a short data gap in Saipan 03 and Saipan 07 due to disk 02 being corrupt. Source: Oleson et al. 2015; Baumann-
Pickering et al. 2023).
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Figure 10. Relative frequency of occurrence of beaked whale species in the passive
acoustic data from Pacific Islands Passive Acoustic Network sites from 2010 through
2018.

Notes: BWC—Cross Seamount beaked whale; Md—Blainville’s beaked whale; Zc—Cuvier’'s beaked whale.
Source: Baumann-Pickering et al. 2023.

4.2.2.3 Rockhoppers

In order to detect, classify, locate, and derive the abundance and density of BWs in the MITT Study
Area, six Rockhopper marine passive acoustic recording units were deployed off the western side of
Guam (Figure 11, Table 3) (depths 636 to 980 m [2,087 to 3,215 feet]) on 26 May 2022 (DON 2023;
Klinck et al. 2024). These units were retrieved six months later, on 22 November 2022. Five units
were deployed in the northern portion of the study area as an array with a 1-km (0.5-nm) spacing
between units to locate BW echolocation clicks and derive the probability of detection function
necessary for estimating density. The sixth unit was deployed approximately 15 km (8 nm) south of
the array to investigate spatio-temporal variability in BW encounters in the study area. Each
Rockhopper mooring was equipped with an acoustic pinger (model EMT-01-3, Sonotronics, Inc.,
Tucson, Arizona) to synchronize the recording units of the array and enable the collection of
accurate time-difference-of-arrival (TDoA) information. Each pinger emitted a unique frequency
(between 34 and 38 kHz), with a source level estimated to be 160 dB re 1 yPa @ 1 m. The
maximum depth of the pingers was 981 m (Table 3). Four of the five units in the array were
recovered, as well as the lone unit to the south. Data analysis of the five retrieved units is ongoing to
determine the probability of detection for Cuvier's BWs. In addition, a detailed comparison of BW
encounter rates at the two sites will also be performed. Beaked whale density at the array location
will also be estimated from the acoustic data using traditional methods of distance sampling and
spatial capture-recapture (SCR) (Klinck et al. 2024).
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Figure 11: Final deployment configuration of six Rockhoppers showing the five-unit array
to the north and the lone unit to the south.

Note: Map source: Google Earth, Klinck et al. 2024.

Table 3. Rockhopper deployment locations.

RHO1 (array, NW corner) 13.40288 144.60390 913.5
RHO2 (array, NE corner) 13.40306 144.61397 636.0
RHO3 (array, SE corner) 13.39431 144.61423 742.9
RHO04 (array, SW corner) 13.39388 144.60421 980.9
RHO5 (array, center unit) 13.39822 144.60934 833.2
RHO6 (single unit) 13.26864 144.63148 900.3

Note: N = North; E = East; m = meter(s); NE = Northeast; NW = Northwest; SE = Southeast; SW = Southwest.

Beaked whale occurrence events were tallied on an encounter basis (e.g., Figure 12). Between the
two locations, 145 BW encounters were recorded (Klinck et al. 2024). The majority of occurrence
events were from Cuvier's BWs. Several occurrence events were from Blainville’s BWs, an
unidentified BW, and BWC. Species detected were consistent with other studies of BW occurrence
in the region (Simonis et al. 2020; McCullough et al. 2021; Oleson et al. 2015, 2021). A second 6-
month deployment was initiated in March 2024.
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Figure 12. Two encounters of Cuvier's beaked whales.

Notes: Beaked whale occurrences were initially reported on an encounter basis (though the regression modeling,
localization, and density estimation analyses focused on a finer temporal scale). Encounters were defined as periods
of vocal activity separated by at least 30 minutes of silence.

Source: Klinck et al. 2024.

4.2.3  Drifting PAM - Drifting Acoustic Spar Buoy Recorders (DASBRS)

Combined with visual surveys in 2018 and 2021, PIFSC collected PAM data in portions of the EEZ
using DASBRs (Hill et al. 2020a; McCullough et al. 2021; Yano et al. 2022; Badger et al. 2024).
These PAM devices are deployed off the survey vessel and then drift with the ocean current for
approximately up to one month before being recovered using satellite tracking capabilities. They
provide quieter recordings compared with the ship’s towed array, which is subject to some cetacean
sounds being masked by the noise of the ship and by the flow noise of water moving past the
hydrophones while the ship is underway. It has been reported that BW behaviors change
significantly in response to broadband ship noise up to 5 km away from vessels (Pirotta et al. 2012).
The movement behavior of Blainville's BWs was significantly impacted by vessel noise while they
were foraging (Pirotta et al. 2012).

During the 2018 shipboard survey, eight DASBRs were deployed and recovered over a period of
four to 12 days for a total of 75 days of monitoring (Hill et al. 2020a; McCullough et al. 2021).
DASBRs included two hydrophones in a vertical array at 150 m (492 feet) depth, with the
hydrophones spaced 10 m (33 feet) apart and simultaneously sampled at 288 kHz using a
SoundTrap. The acoustic data were collected on a duty-cycle, recording for 2 out of every 5 minutes.
Detections of Blainville’s, Cuvier's, Longman’s, and the BWC were obtained from the DASBRs (Hill
et al. 2020a; McCullough et al. 2021; Badger et al. 2024) (Table 1 and Table 4).

During the 2021 shipboard survey, 21 DASBRs were deployed and recovered over a period of one
to 24 days throughout the MITT Study Area to evaluate BW distribution and abundance (Yano et al.
2022). Each DASBR included two hydrophones, separated by 10 m (33 feet), forming a short vertical
array at approximately 150-m (492 feet) depth, duty-cycled to record 2 of every 8 minutes and
sampled at a rate of 384 kHz. The following BWs were detected in the MITT Study Area: Blainville’s,
Cuvier’'s, Longman’s, BWC, and unidentified Mesoplodon species, BWs (Table 1 and Table 4;
Figure 13) (Yano et al. 2022; Badger et al. 2024). In 2021, both Cuvier’s and Blainville’s BWs were
detected throughout the archipelago (Badger et al. 2024) (Figure 14).
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Preliminary analysis of these acoustic data suggested a strong latitudinal variation in BW occurrence
in the MITT (McCullough et al. 2021; Badger et al. 2024). Therefore, the study area was divided into
northern and southern strata demarcated at 15.5° N, and density estimation was undertaken for
Cuvier's and Blainville’s BWs for each stratum. To investigate the possibility that drifting acoustic
recorders may have become entrained in oceanographic features with greater or lesser BW density,
violating the assumption of random sampling, the within-drift detection rate was modeled as a
function of time (Badger et al. 2024). No evidence of non-random sampling was found.
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Figure 13. Drifting Acoustic Spar Buoy Recorder tracks (solid black lines) and acoustic
detections of beaked whales during the 2018 Mariana Archipelago Cetacean Survey.

Notes: Black box in inset—-Guam/Commonwealth of the Northern Mariana Islands Exclusive Economic Zone.
Blainville’s = blue downward triangle; Cuvier’s = orange “x”; Longman’s = purple circle; BWC = yellow square; Kogia
spp. = pink upward triangle; unknown BW = teal cross, and locations of conductivity-temperature-depth casts (black
diamonds) overlaid. Source: McCullough et al. 2021; Badger et al. 2024.
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Figure 14. Drifting Acoustic Spar Buoy Recorder tracks and beaked whale detections in
2021.

Notes: Black line-Guam/Commonwealth of the Northern Mariana Islands Exclusive Economic Zone. Blainville’s =

blue downward triangle; Cuvier's = orange “x”; Longman’s = purple circle; BWC = yellow square; unidentified
Mesoplodon species = teal cross. Source: Badger et al. 2024.
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Table 4. Number of DASBR drifts during MACS 2018 and MACS 2021 surveys, and the
number of 2-minute recording files with detections of Cuvier’s and Blainville’s beaked
whales.

Year DASBR drifts analyzed # Cuvier’s be?ked whale # Blainville’s b.eaked
detections whale detections
2018 8 175 203

2021 21 335 395
Source: Badger et al. 2024.

4.2.4  Autonomous Underwater Vehicle (Seaglider)

In 2014, a passive acoustic glider survey was conducted in the MIRC between 19 September and 14
November. The goal of the project was to investigate the spatial and temporal distribution of
odontocetes and mysticetes in offshore areas adjacent to Guam, Rota, Tinian, and Saipan (Klinck et
al. 2015). Two Seaglider AUVs were used to acoustically scan the MITT Study Area for marine
mammals. Both gliders were deployed off the west coast of Guam. The gliders were equipped with a
custom-designed and built passive acoustic recording system. Acoustic signals were received by a
single omni-directional hydrophone (HTI-99-HF) and recorded at a 194 kHz sample rate and 16-bit
resolution. The PAM system was optimized for continuously collecting data in the frequency range
from 15 Hz to 97 kHz. The gliders covered a total distance of approximately 1,550 km (837 nm) over
the ground and recorded a total of 749 hours of data over a 31-day period. Seven potential BW
encounters were recorded by the gliders (Table 1). Three encounters were identified as Blainville’s
BWs and were detected when the glider was at depths from 73 m to 817 m. The remaining four
encounters were classified as possible BWs (Klinck et al. 2015).

In 2015, two Seaglider AUVs equipped with an acoustic recorder (recording frequencies between 15
Hz and 90 kHz) were deployed 9 km (5 nm) southwest of the southern tip of Guam to survey
portions of the MIRC between 2 March and 27 April and investigate the spatial distribution and
temporal occurrence of odontocetes (Klinck et al. 2016). Acoustic signals were received by a single
omni-directional hydrophone (HTI-99-HF) and recorded at a 194 kHz sample rate and 16-bit
resolution. The calibrated PAM system was optimized for continuous data in the 15 Hz to 90 kHz
frequency range. The survey targeted the offshore areas of Guam, Rota, Tinian, and Saipan. The
gliders, referred to as SG178 and SG204, covered a total distance of approximately 1,400 km (756
nm) over the ground and recorded a total of 1,388 hours of data over a 33-day period. A total of 413
cetacean encounters were recorded, including Blainville’s BWs (Figure 15) and BWC (Figure 16;
Table 1). Beaked whales were detected on nine of the 305 Seaglider dives (Table 5) (Klinck et al.
2016).
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Table 5. Beaked Whale Encounters during the 2015 Seaglider Deployments.
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SG178

SG178

SG204

SG204

SG204

SG204

SG204

SG178

SG204

50

66

121

173

176

178

183

181

196
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Stare Date
[UTC]

[dd/mmlyyyy
hh:mm:ss]

10/03/2015
09:06:15

13/03/2015
14:19:53

23/03/2015
23:54:16

02/04/2015
21:14:45

03/04/2015
10:10:49

03/04/2015
20:24:43

04/04/2015
22:05:39

07/04/2015
11:44:50

07/04/2015
15:29:35

End date
[UTC]
[dd/mmlyyyy
hh:mm:ss]

10/03/2015
09:07:04

13/03/2015
14:32:43

24/03/2015
00:08:40

02/04/2015
21:15:19

03/04/2015
10:37:23

03/04/2015
20:29:39

04/04/2015
22:23:52

07/04/2015
11:49:35

07/04/2015
15:34:22

Species
ID/Label*

Md

Md

Md

Md

Md

Md

Md

CSBW

CSBW

Latitude
[degrees

13.0835

12.4629

14.3341

14.6873

14.5496

14.4704

14.3022

12.3433

13.8955

Longitude
[degrees

145.2733

145.4723

146.4760

145.6300

145.5567

145.5164

145.4391

143.8740

145.2424

*Md = Mesoplodon densirostris (Blainville’s beaked whale); CSBW = Cross Seamount beaked whale. Source: Klinck

et al. 2016.
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Figure 15. Gliders SG178 (south) and SG204 (north) with Blainville’s beaked whale
encounters.

Notes: Each black dot (with every tenth one larger) on the track line indicates the midpoint location of a glider dive.
The circle size indicates percentage of recording time per dive with target signals. Labels indicate dive number (e.g.,
D150 for dive no. 150) and date (format: dd/mm/yy UTC). Red sections indicate that the PAM system was switched
off. The yellow segments indicate that the PAM system was active. Source: Klinck et al. 2016.
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Figure 16. Gliders SG178 (south) and SG204 (north) with BWC encounters.

Notes: Each black dot (with every tenth one larger) on the track line indicates the midpoint location of a glider dive.
The circle size indicates percentage of recording time per dive with target signals. Labels indicate dive number (e.g.,
D150 for dive no. 150) and date (format: dd/mm/yy UTC). Red sections indicate that the PAM system was switched
off. The yellow segments indicate that the PAM system was active.

Source: Klinck et al. 2016.
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4.3 Satellite Tagging

During PIFSC small vessel surveys, satellite tagging began in 2013 to investigate cetacean
movements and spatial use in the Mariana Archipelago (Hill et al. 2020a). Between 2013 and 2019,
44 satellite tags were deployed on seven odontocete species, but no BWs were tagged over the 6-
year period.

Although advances in biologging tag technology (acoustic recording, satellite, and time-depth
recording [TDR] tags) have greatly improved our understanding of BW behavior and their response
to anthropogenic threats (see Henderson 2023 for a review), no BWs in the MITT Study Area have
yet been tagged, despite 170 days of effort over six years of small vessel tagging. This can be
attributed to the extremely low encounter rates of BWs in the region, the infrequency of calm sea
surface conditions necessary for a successful approach and tag deployment, and the cryptic surface
behavior and long dive times that make BWs not easily approachable.

4.4 Summary of Beaked Whale Survey Effort in the
Mariana Islands

Survey effort for BWs and other marine mammails in the Mariana Islands has consisted of visual and
PAM methods. Approximately 579 days of visual surveys were conducted between 2007 and 2021
using vessel, aerial, and shore-based platforms, which resulted in 30 BW sightings consisting of 68
individuals of three of the four known species or signal types to occur in the Mariana Islands (Table
1 and Table 6, Figure 3). BWC BWs were not visually observed. A total of 2,905 days of acoustic
surveys were performed using towed arrays, moored PAM instruments, drifting PAM buoys, and
AUVs between 2009 and 2022 (Table 1). All four BW species or signal types known to occur in the
region were detected during acoustic surveys (Table 1, Figure 17). Although visual surveys have
provided validation linking BW click types to species, the cryptic nature of BWs and the paucity of
low BSS in the MITT Study Area severely limit visual surveys as a platform for BW detection and
advancing our understanding of BW occurrence. PAM efforts have provided the bulk of our
understanding of BWs and have revealed the year-round occurrence of Cuvier’s, Blainville’s, and
BW(Cs in the region. The geographic distribution and environmental drivers of each species
distribution are difficult to assess using data from fixed locations alone (Baumann-Pickering et al.
2014; McCullough et al. 2021).

Table 6. Vessel- and aerial-based sightings of beaked whales recorded in the Mariana
Islands Training and Testing Study Area from 2007 to 2021.

Scientific Name m Individuals Sighting Date(s)

Blainville’s beaked whale Mesoplodon densirostris June 2014; May
2015; August 2015

Cuvier’'s beaked whale Ziphius cavirostris 6 14 August 2007, 2013;
June 2014; July
2018, 2021
Longman’s beaked whale Indopacetus pacificus 1 11 May 2021
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Scientific Name Individuals | Sighting Date(s)

Unidentified beaked whale February 2007;
June 2012, 2014;
May 2017

Note: See Table 1 for a complete summary for each sighting.
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Figure 17. Summary of acoustic detections in the Mariana Archipelago from 2009 to 2022.
An acoustic detection labeled with multiple species represents multiple detections over
time from fixed acoustic monitoring devices (EARs and HARPSs).

Notes: locations of acoustic detections do not necessarily indicate the location of the animal(s).
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3 Beaked Whale Occurrence and Density in
the Mariana Islands

5.1 Beaked Whale Occurrence

Research question: What is the occurrence and density of BWs in the Mariana Islands?

Four BW species or signal types are known to occur in the Mariana Islands (DON 2020; Table 7).
Specific click types have been attributed to all four species or signals, which have been described in
the literature (Table 7) and are used to aid with species identification.

Cuvier’s, Blainville’s, and Longman’s BWs have been identified in the region visually from vessel
surveys and acoustically from PAM (Coates et al. 2015; Simonis et al. 2020; Hill et al. 20203;
McCullough et al. 2021; Yano et al. 2022). PAM conducted throughout the Mariana Archipelago has
revealed the presence of an unidentified BW FM pulse known as the BWC (Hill et al. 2020a; Simonis
et al. 2020; McCullough et al. 2021; Baumann-Pickering et al. 2023; Badger et al. 2024), which has
been hypothesized to be the ginkgo-toothed BW based on similar distribution patterns (Baumann-
Pickering et al. 2014; Oleson et al. 2015). Based on stranding data from nearby Pacific regions, e.g.,
Japan, southern China, Taiwan, and the Philippines (Bachara et al. 2023), the ginkgo-toothed BW
could potentially occur in the MITT Study Area.

Table 7. Acoustic Signals of Beaked Whales that occur in the Mariana Islands.
Species,

Common Scientific Center Frequency Peak Frequency IPI (ms) v (e
Name (kHz) (kHz)
Name
Blainville’s Mesoplodon
beaked whale densirostris 37.3 (32.3, 44.0) 34.4 (31.3,44.1) 280 (111, 427) 581 (299, 950)
Cuvier's Ziphius 35.9 (28.7, 42.5) 40.2 (20.3, 49.2) 337 (94, 491 585 (306, 976)
beaked whale cavirostris ’ B ' DR ' ’
Longman’s Indopacetus
el vile | pesies 22.7 (16.9, 28.1) 22.0 (14.2, 29.8) - 182 (101, 375)
Cross
Seamount - 47.4 (30.3, 65.4) 46.9 (28.9, 73.8) 127 (66, 338) 779 (270, 1210)

beaked whale
Source: Baumann-Pickering et al. 2013.

Key: kHz = kilohertz; ms = milliseconds; us = microsecond.

Note: Overview of signal parameters peak and center frequency, duration, and inter-pulse interval (IPI) for all species
given as median with 10th and 90th percentile in parentheses.

Additional details regarding beaked whale presence within the MITT Study Area are provided in the
following subsections.
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5.2 Beaked Whale Abundance and Density

Despite significant improvements in our understanding of BW occurrence in the MITT Study Area,
primarily from advancements in PAM methodology, estimating BW densities and abundance has
been a challenge using traditional, visual survey methods. Analysis is ongoing for five Rockhoppers
retrieved in 2022 (Klinck et al. 2024) from a small area off Guam. Preliminary results indicate that the
study design adapted for acoustic data (Barlow et al. 2021) yielded sufficient data to conduct
distance sampling and SCR analysis for Cuvier's BWs. Analyses of acoustic data collected from
DASBRs in 2021 showed that Blainville’s BWs had a higher estimated density and greater
abundance than Cuvier's BWs in the Mariana Archipelago (Badger et al. 2024) (Tables 8 and 9).
Estimated abundance in the MITT Study Area was 6,001 (95 percent credible interval (CRI): [3,904;
8,605]) for Cuvier's BWs (Table 8, Figure 18) and 15,667 (95 percent CRI: [10,144; 22,096]) for
Blainville’s BWs (Table 9, Figure 19). The difference in density between these two BW species was
attributed to differences in acoustic encounter rates and to the fact that Blainville’s BW group sizes
were larger and more variable. Analysis of group sizes from visual encounters in the Marianas and
Hawaii indicated that Cuvier's BW group sizes averaged 2.45 (+1.36 standard deviation [SD]), while
Blainville’s BW group sizes averaged 4.07 (+2.32 SD) (Figure 20). Within species, the latitudinal
differences in encounter rate translated to substantial differences in density and abundance. Cuvier's
BWs were detected almost two times more often in the northern vs. southern strata (Table 8), and
Blainville’s BWs were detected almost seven times more often in the northern strata (Table 9). The
compound half normal detection function yielded effective detection radii (EDR) estimates of 3.75 km
and 3.29 km and effective survey areas, ¥, of about 44.4 km? and 34.1 km?, respectively, for Cuvier's
and Blainville’s BWs (Badger et al. 2024) (Tables 8 and 9). The K-S tests did not indicate a lack of fit
(p = 0.21 for Blainville’s BWs and p = 0.39 for Cuvier's BWSs). In the Bayesian model, there was no
evidence for a lack of convergence, with all R values close to 1.0. R is the potential scale reduction
factor where a R value close to 1.0 indicates adequate convergence of posterior chains.

Table 8. Model results for Bayesian model estimating density of Cuvier’s beaked whales
in the Mariana Archipelago based on acoustic data

Species (Strata) Posterior SD 95 Percent CRI -

Density
(individuals per . .9 [5.21, 13.0]
Cuvier’s beaked whales 1,000 km?)
(North) Al I
undance, .
(rounded) 4,365 993 [2,614; 6,511] 1.0
Mean percent of snapshots
with group detections = 1.89 X 0.125 0.026 [0.088, 0.187] 1.0
percent
Effective search 44.4 4.30 [36.3, 53.2] 1.0
area, ¥ (km?)
Mean time
available 18.3 0.734 [16.7, 19.6] 1.0
(minutes)
Dive cycle
duration 152.0 27.6 [97.9, 206.2] 1.0
(minutes)
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Species (Strata) Posterior SD 95 Percent CRI

Density
. (individuals per 478 1.97 [1.99, 9.57] 1.0
Cuvier’s beaked whales 1,000 km2)
(South) ABEg N
undance, .
(rounded) 1,642 670 [694; 3,270] 1.0
Mean percent of snapshots
with group detections = 0.84 X 0.098 0.026 [0.095, 0.160] 1.0
percent
Effective search
area, 9 (km?) 44 .4 4.31 [36.2, 53.2] 1.0
Mean time
available 14.5 2.51 [9.8, 19.4] 1.0
(minutes)
Dive cycle
duration 152.0 27.5 [98.0, 206.1] 1.0
(minutes)
Total Cuvier’s beaked whale abundance in study 6,001 1,199 [3,904: 8,605]

area
Notes: A-posteriori study areas of 500,521 km? and 337,872 km? for the northern and southern regions were used for
abundance estimates. Source: Badger et al. 2024.

Key: CRI = credible interval; km? = square kilometers; R is the potential scale reduction factor where a R value close
to 1.0 indicates adequate convergence of posterior chains; ¥ is the estimated area effectively surveyed, 1 is the
estimated probability the group available for detection within a snapshot. The posterior distribution, which represents
our most recent understanding of a parameter as a probability distribution, is thus produced by a Bayesian model by
combining a likelihood with priors. Summary metrics such as the mean, can be used to get point estimates, while
percentiles or the standard deviation (SD) can be used to determine uncertainty (Gimenez et al. 2025).

Table 9. Model results for Bayesian model estimating density of Blainville’s beaked
whales in the Mariana Archipelago based on acoustic data.

Density
L. (individuals per 28.5 5.89 [17.8, 41.0] 1.0
Blainville’s beaked whales 1 000 km?)
(North) ABEg N
undance, .
(rounded) 14,258 2964 [8,882; 20,560] 1.0
Mean percent of snapshots
with group detections = X 0.132 0.025 [0.0897, 0.175] 1.0
3.06%
Effective search
area, # (km?) 34.1 2.55 [29.3, 39.2] 1.0
Mean time
available 18.5 0.613 [17.2, 19.6] 1.0
(minutes)
Dive cycle
duration 145.2 25.1 [95.7, 194.0] 1.0
(minutes)
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Density
L. (individuals per 4.15 2.05 [1.46, 9.25] 1.0
Blainville’s beaked whales 1 gookm?)
(South) ABEg N
undance, .
(rounded) 1,447 713 [510; 3,223] 1.0
Mean percent of snapshots
with group detections = X 0.112 0.031 [0.061, 0.182] 1.0

0.37%
Effective search

area, ¥ (km?2) 34.1 2.55 [29.3, 39.3] 1.0
Mean time
available 15.6 3.18 [9.09, 22.7] 1.0
(minutes)
De_ep dive period 145.2 o5 - 0
(minutes)
Total Blainville’s beaked whale abundance in 15,667 3.044 OIS PR
study area

Notes: A-posteriori study areas of 500,521 km? and 337,872 km? for the northern and southern regions were used for
abundance estimates. Source: Badger et al. 2024.

Key: CRI = credible interval; km? = square kilometers; R is the potential scale reduction factor where a R value close
to 1.0 indicates adequate convergence of posterior chains; ¥ is the estimated area effectively surveyed, 1 is the
estimated probability the group available for detection within a snapshot. The posterior distribution, which represents
our most recent understanding of a parameter as a probability distribution, is thus produced by a Bayesian model by
combining a likelihood with priors. Summary metrics such as the mean, can be used to get point estimates, while
percentiles or the standard deviation (SD) can be used to determine uncertainty (Gimenez et al. 2025).
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Figure 18. Posterior density of Cuvier’s beaked whale abundance in the Mariana
Archipelago based on acoustic data. Dashed line represents posterior mean.

Notes: Note the different axes values in Figures 17 and 18. Source: Badger et al. 2024.
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Figure 19. Posterior density of Blainville’s beaked whale abundance in the Mariana
Archipelago based on acoustic data. Dashed line represents posterior mean.

Notes: Note the different axes values in Figures 17 and 18. Source: Badger et al. 2024.
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Figure 20. Observed group sizes from beaked whale sighting encounters during visual
surveys in Hawaii and the Mariana Archipelago.

Notes: Dashed lines represent the mean. Source: Badger et al. 2024.
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6 Beaked Whale Spatial and Temporal
Patterns of Behavior (Acoustic and Habitat
Use)

Research question: What are the spatial and temporal patterns of behavior (acoustic and habitat
use) of BWs in the Mariana Islands?

Key takeaways:

e Detections of Longman’s and BWC have occasionally been recorded in MITT (Section 6.1).
The abundance of Cuvier's BWs may be biased (in the low direction) due to uncertain group
size (Section 6.1).

e Possible habitat preference for Cuvier's and Blainville’s BWs may exist north of 15.5° N
(Section 6.1).

e Preliminary data suggest that there are twice as many Cuvier's BWs in the northern region
versus the south and seven times as many Blainville’s BWs in the north (Section 6.1).

e BWC BWs appear evenly distributed in the northern and southern regions of the Mariana
Archipelago (Section 6.1).

e Longman’s BWs were detected exclusively north of 15.5° N (Section 6.1).

The northern region may offer BWs a better habitat (Section 6.1).

e Cuvier's, Blainville’s, and BWC BWs are acoustically detected year-round, with no obvious
seasonal pattern in MITT (Section 6.2).

e Limited evidence suggests that diel trends may exist, possibly linked to geographic location
(Section 6.2).

e A small Rockhopper array off Guam primarily detected Cuvier's BWs at night, in contrast to
other PAM studies, which showed no diel trends (Section 6.2).

6.1 Spatial Patterns

Beaked whales produce distinct FM echolocation pulses, allowing PAM to play a role in
understanding spatio-temporal patterns (McCullough et al. 2023). Data primarily from PAM surveys
indicate the widespread distribution of four BW species or signal types (Blainville’s, Cuvier’s,
Longman’s, and BWC) throughout the Mariana Archipelago, including previously unsampled waters
as far west as the West Mariana Ridge (McCullough et al. 2021).

Between 2010 and 2014, acoustic activity of three BW species (Cuvier's, Blainville’s, and BWC
signal types) was regularly detected using HARPSs off the islands of Saipan and Tinian. Blainville’s
BWs were the most frequently detected, being present on 35 percent of recording days off Saipan
(average 4.8 minutes per day) and 28 percent of recording days off Tinian (average 5.8 minutes per
day). Cuvier's BWs, by contrast, were detected on 19 percent of recording days off Saipan (average
1.2 minutes per day) and on only 7 percent of recording days off Tinian (average 0.1 minutes per
day) (Simonis et al. 2020; see Section 4.2.2.2). Simonis et al. (2020) conclude that these areas may
comprise important BW habitat, with a greater presence of Blainville’s BWs overall and a greater
presence of both species off Saipan compared with Tinian.

Based on recordings from AUV Seaglider dives in March and April 2015 (see Section 4.2.4), BW
encounters were concentrated on the Mariana Ridge and the Mariana Trough in waters between
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1,800 and 2,300 m (5,906 and 7,546 feet) deep (Klinck et al. 2016; McCullough et al. 2021) and N of
13° N. The maijority of encounters were observed between Rota and Tinian, with four Blainville’s BW
encounters and one BWC encounter (Figure 15 and Figure 16) (Klinck et al. 2016).

During visual small boat surveys from 2010 to 2019, unidentified BW encounters in the MITT Study
Area ranged from 972 to 1,815 m water depth, and the distance from shore ranged from 6.5 to 12
km (3.5 to 6.5 nm), while Mesoplodon BWs ranged from 1,032 to 1,614 m water depth, and the
distance from shore ranged from 5.1 to 31 km (2.8 to 17 nm) (Hill et al. 2020a).

Beaked whales were acoustically detected or visually encountered throughout the Mariana
Archipelago, from Guam to Maug, and in offshore waters within the Mariana Trough and out to the
West Mariana Ridge (Figure 2; Hill et al. 2020a). Most of the PIFSC BW visual encounters were
nearshore (median = 7 km [4 nm] from shore), except for the Cuvier's BW encounter during MACS
2018, which was greater than 225 km (121 nm) from shore near the West Mariana Ridge. The
median water depth of PIFSC BW encounters was 1,202 m (Hill et al. 2020a).

In 2018, PIFSC deployed eight DASBRs (see Section 4.2.3) to assess the distribution and habitat of
BWs in the MITT Study Area (Hill et al. 2020a). Concurrently, conductivity-temperature-depth (CTD)
data were collected within each of the DASBR drift areas and combined with satellite oceanographic
data to build Ensemble Random Forest Models that help identify specific oceanographic features
that determine the distribution of BWs (McCullough et al. 2021). The models suggest that differences
do exist in the oceanographic characteristics between the northern and southern regions of the
Mariana Archipelago, which may have an influence on BW foraging opportunities, creating specific
ecological niches for these species within this water mass (McCullough et al. 2021). Bathymetry, or
bottom depth, is a significant predictor of the distribution of BWs (McCullough et al. 2021).
Specifically, for all species and Cuvier's model, the most significant covariate in the northern models
was bottom depth, with more encounters occurring at relatively shallow bathymetry (1,800-2,300 m
[6,906-7,546 feet]) (McCullough et al. 2021). Spatial differential use was also supported by
substantial differences in acoustic detections between the three HARP-monitored locations (see
Section 4.2.2.2), especially at Tinian (Simonis et al. 2020), where the HARP was deployed on a
steep slope and relatively close to the island, while the HARPs at Saipan and Pagan were on a
flatter seafloor further away from the islands (Hill et al. 2020a).

Detections of BWC were more evenly distributed throughout the monitored area, and Longman’s BW
encounters were the only species detected strictly in waters north of 15.5° N (McCullough et al.
2021).

At the north Rockhopper array site off Guam, a total of 70 detections of BWs were recorded (Klinck
et al. 2024). At the southern single-unit site, the number of detections was slightly higher (n = 75).

6.2 Temporal Patterns

From 2010 to 2013, three different BW FM pulse signal types were acoustically encountered: those
produced by Blainville’s BWs, Cuvier's BWs, and the BWC type (Oleson et al. 2015). These results
from the HARP recordings in the MITT Study Area suggest that BWs occur year-round at both the
Saipan and Tinian sites (Oleson et al. 2015; Baumann-Pickering et al. 2014; Simonis et al. 2020;
McCullough et al. 2021) (Figure 21). And although BWSs appear to be regularly present off Saipan
and Tinian, the encounter rate can vary markedly over periods of days to weeks (Oleson et al.
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2015). Additional HARP data, collected from 2018—2022, has also been recovered and is pending
analysis.

Blainville’s BWs were recorded by Seaglider SG178 on two dives between 10 and 13 March 2015
and by SG204 on five dives between 23 March and 5 April 2015 (Klinck et al. 2016).

In 2022, BWs were detected every month at both Rockhopper sites off the island of Guam (Figure
11), except for the month of November at the single-unit site (Klinck et al. 2024). At the array site,
the highest encounter rates were recorded in June (12 days with encounters) (Figure 22) and
October (10 days with encounters). In contrast, for the single-unit site, the highest encounter rates
were recorded in July (13 days with encounters) and September (10 days with encounters) (Figure
23).

Klinck et al. (2024) report that detection rates for Cuvier's BWs off Guam were higher than those
reported in Simonis et al. (2020) and calculated to be 23 percent (array site) and 22 percent (single
unit site) of recording days, respectively. Thus far, no confirmed seasonal patterns of BW occurrence
in the MITT region have been determined, but more data is needed.

Most of the Cuvier's BW detections occurred during the nighttime. This may be caused by the diel
dive patterns of BWs in the MITT Study Area, which could be similar to those observed in Hawaii.
These findings conflict with those of Baumann-Pickering et al. (2023), which found that the only BW
species to show a strong nocturnal pattern was the BWC across all sites.

While the diel detections of BWs in the MITT Study Area have not been examined, Baird et al.
(2008) described diel variation in dive behavior in tagged Blainville’s and Cuvier's BWs in Hawaii,
with them spending less time in surface waters during the day, theorized to be an avoidance
behavior of near-surface, visually oriented predators such as large sharks or killer whales (Orcinus
orca). Unlike most BWs that show no diel patterns in echolocation activity (Baird et al. 2008, 2019;
Baumann-Pickering et al. 2014; Schorr et al. 2014; McCullough et al. 2023), the BWC in the North
Pacific appears to be a nocturnal hunter based on its patterns of echolocation (McCullough et al.
2023). Similar findings were reported by Manzano-Roth et al. (2023), in which almost all BWC
foraging dives on the Pacific Missile Range Facility (PMRF) occurred between dusk and dawn,
possibly a reflection of preference for prey that is only easily accessible or available at night.
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Figure 21. Percent daily occurrence of all beaked whale detections from 2010 through
2013 within the Saipan (left panels) and Tinian (right panels) HARP datasets.

Notes: Acoustic recording effort is noted as the black circles and represents the percentage of days with data
available per month. Although data were duty-cycled and therefore data volume by month may vary between years,
these duty-cycle differences are not noted in this figure. The percentage of days with acoustic data during which
beaked whale sounds were detected is noted by the gray bars. Source: Oleson et al. 2015.
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Figure 22. Seasonal beaked whale occurrence patterns for the array (S05) and the single-
unit (S06) by species.

Notes: The date is shown on the x-axis. The y-axis represents the time of the day (sunrise and sunset times shown
with white lines) The color bar represents the number of 10-sec windows with detections for each hour. The acoustic
data was collected from 26 May 2022 through 22 November 2022. Source: Klinck et al. 2024.
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Figure 23. Seasonal beaked whale occurrence patterns for the array (S05) and the single-
unit (S06) for Cuvier’s beaked whales.

Notes: The date is shown on the x-axis. The y-axis represents the time of the day (sunrise and sunset times shown
with white lines) The color bar represents the number of 10-sec windows with detections for each hour. The acoustic
data was collected from 26 May 2022 through 22 November 2022. Results from the array (S02) were included for
Cuvier's beaked whale detections for additional data collected from 7 December 2022 through 14 March 2023 (Note:
no sonar detections occurred during this time period). Source: Klinck et al. 2024.
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14 Temporal and Spatial Patterns of Beaked
Whale Strandings in the Mariana Islands

Research question: What are the temporal and spatial patterns of BW strandings in the Mariana
Islands?

Key takeaway:
e Total BW strandings in the MITT between 2006 and 2022 from 250 odontocete stranding
records = 18; 12 were Cuvier's BWs (Section 7.1).

7.1 Spatial and Temporal Patterns

West et al. (2023a) reported on 250 odontocete stranding records obtained between 2006 and 2022
in the Pacific Islands region. Stranding locations spanned the main Hawaiian Islands, American
Samoa, Guam, and Saipan, and either partial or full necropsies were conducted on these stranded
animals. Of the 250 odontocete strandings on record, 18 consisted of BW strandings (West et al.
2023a). Further analysis of cetacean strandings, including environmental factors, is currently
underway in order to identify any spatio-temporal stranding patterns (West et al. In Preparation
2024a).

As part of a separate but related effort, West et al. In Preparation (2024b) examined historical BW
stranding events across the western, central, and southern Pacific over a 139-year timespan (1884—
2023). Of a total of 110 BW stranding events examined, 104 of these events were confirmed to
species (six were unknown). Cuvier's BW were the most commonly stranded (71 stranding events),
and Blainville’s BW were the second most commonly stranded (24 stranding events). Other species
identified included Deraniyagala’s BW (Mesoplodon hotaula), which stranded at Palmyra Atoll,
Kwajalein Atoll, and Kiribati, and ginkgo-toothed BW, which stranded in Micronesia. Three
Longman’s BW stranding events occurred in Hawaii, New Caledonia, and Fiji. Cuvier's BW
strandings were reported most often in the Hawaiian archipelago, the Mariana Islands, the water
mass between American Samoa, Samoa, and Tonga, and in the Cook Islands. A higher number of
Cuvier's BW strandings occurred in the American Samoa/Samoa Islands (12 stranding events)
compared to the Mariana Islands (9 stranding events), despite similar bathymetry and no known
military activity in American Samoa (Figure 24).

Table 10 provides a list of 10 stranding events reported between 2003 and 2019 in the Mariana
Archipelago (Simonis et al. 2020; West pers. comm.) (Figure 25). It should be noted that since the
islands north of Saipan are not inhabited, strandings are unlikely to be observed and reported if they
occur in this region.
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Figure 24. Clusters of Cuvier’s beaked whale stranding events across the Pacific Islands
from 1884 to 2023. Number of stranding events represented by individual clusters
determined by geographic distance are provided in the center of each cluster.

Note: Stranding events from Australia and New Zealand are not included in this analysis.
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Figure 25. Beaked Whale Strandings from 2003 to 2019 in the Mariana Archipelago.
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Table 10. Beaked Whale Stranding Events from 2003 to 2019 in the Mariana Archipelago.

e Diagnosis Reference
Location | Individuals 9

7/7/2003 Mesoplodon sp. Guam - found alive
8/30/2007t Cuvier's beaked Guam Piti Bay 1 unknown; unknown sex based on photo of K. West 12 Feb 2019,
whale pushed back to erupted teeth pers. comm.; B.
sea, N0 necropsy Tibbatts 6 and 11 Sep
2007, pers. comm.
1/27/2008" Cuvier's beaked Guam  Luminao 1 found dead, no unknown specimen was badly Brown 2008; B.
whale Reef necropsy decomposed; skull Tibbatts 29 Jan 2008,
collected pers. comm.
7/19/2008t Cuvier's beaked Guam  Dadi/Rizal 1 unknown; last unknown near-stranding: animal B. Tibbatts 1 Aug
whale Beach seen in shallow was seen in shallow 2008, pers. comm.
water, no water (less than 100 feet
necropsy depth) near shore during
aerial survey
8/22/2011%* Cuvier's beaked Saipan Oleai 1 found dead, unknown first day of stranding West et al. 2017
whale Beach head removed event; first reported at
and frozen, no 10:30
full necropsy
8/23/2011*# Cuvier's beaked Saipan Micro 1 euthanized, full ~ cerebral brain hemorrhage live stranding; second West et al. 2017
whale Beach necropsy (primary); infectious day of stranding event;
conducted bronchopneumonia first reported at 08:00
(secondary), renal
Crassicaudiasis (secondary)
3/23/2015T Cuvier's beaked Guam  Bile Bay 2-3 1 found dead; 1— left cerebral ventricular two whales stranded live ~ Kuam News 2015; B.
whale 2 unknown, full hemorrhage and left in different locations were Tibbatts 4 Mar 2019,
necropsy mandibular hematoma refloated; after one whale pers. comm.
conducted (primary), renal was found dead which
Crassicaudiasis may have been a third
(secondary); nephropathy;  whale or one of the first
vasculitis two
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Stranding | Number of Diaanosis Reference
Location | Individuals 9

7/26/2015t Cuvier's beaked Guam  Agat Reef found dead, carcass in very poor specimen was badly West et al. 2017; B.
whale necropsy condition, no useful decomposed Tibbatts 27 Jul 2015,
conducted information other than pers. comm.
stomach contents
3/8/2016T  Cuvier's beaked Guam  Agat Bay 1 unknown; unknown reported in shallow water ~ Pacific Daily News
whale herded out to at 08:10 2016
open water, no
necropsy
1/17/2019t Cuvier's beaked Guam  Dadi 1 euthanized, full microvascular hemorrhages live stranding: re- K. West 13 Feb 2019,
whale Beach necropsy in multiple organs (primary); stranded on Dadi Beach pers. comm. Kuam
conducted barotrauma where it was euthanized News 2019
11/22/2019 Cuvier's beaked Rota Songsong 1 Nno necropsy unknown body never recovered -
T whale

T Also examined by Filadelfo et al. (2024); ¥the strandings on 8/22/2011 and 8/23/2011 are treated as one event; note: pers. comm. = personal communication.

Source: Simonis et al. 2020; West pers. comm.
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Filadelfo et al. (2024) examined nine Cuvier's BW stranding events in the context of Navy sonar
usage around the Mariana Islands from 2007 to 2019. Sonar data was obtained from the classified
Sonar Positional Reporting System (SPORTS) database. Four of the nine events were found to be
coincident with Navy sonar use (Table 11). One stranding event was considered “too close to call” in
whether sonar was Coincident or Not Coincident and affects the result depending on how it is
adjudicated. The authors concluded that there is a statistically significant association between whale
strandings in the area and the use of Navy sonar, although the statistical significance was weaker
than that reported by Simonis et al. (2020).

Table 11. Summary of Beaked Whale Stranding Events in the Mariana Islands. From:
Filadelfo et al. (2024)

Latitude Longitude
Location
(North) (East)

30-Aug-07 Guam 13.46 144.67 Not coincident
27-Jan-08 Guam 13.46 144.64 Not coincident
19-Jul-08 Guam 13.41 144.66 Not coincident
22-Aug-11 Saipan 15.17 145.71 Coincident
23-Mar-15 Guam 13.27 144.66 Coincident
26-Jul-15 Guam 13.39 144.65 Not coincident
8-Mar-16 Guam 13.39 144.65 Coincident
17-Jan-19t Guam 13.38 144.65 Not coincident
22-Nov-19 Rota 14.14 145.14 Coincident

T Because time of stranding is not known and uncertainty in sonar data, Filadelfo et al. (2024) consider this event “too
close to call”.
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8 Causes of Mortality Associated with Beaked
Whale Strandings in the Mariana Islands

Research question: What are the causes of mortality associated with BW strandings in the Mariana
Islands?

Key takeaways:

e Three full necropsies were conducted on Cuvier's BW; acute death from blunt force or
acoustic trauma was determined to be the cause of death.

e BW necropsy data fulfilled three to five of the seven diagnostic criteria suggested by
Bernaldo de Quiros et al. (2019) to determine acoustic trauma. Note that only six of the
seven criteria could be tested using available necropsy data.

e Disease (e.g., Circovirus) may have been a contributing factor.

Worldwide, natural causes of death in cetaceans have been attributed to infectious diseases such as
Brucella ceti, Cryptococcus gatti, Morbillivirus, Circovirus, toxoplasmosis, and herpes virus, which
can pose a significant threat to cetaceans (West et al. 2023a, 2023b, 2024a) and are becoming
better understood as a significant cause of mortality in Pacific Island cetaceans (West et al. 2022b).
In the Pacific Islands, Morbillivirus and Brucella infections, which induce respiratory and neurological
disease, were diagnosed as the cause of death in a striped dolphin (Stenella coeruleoalba), a
Fraser’s dolphin (Lagenodelphis hosei), a sperm whale (Physeter macrocephalus), and a humpback
whale calf. Toxoplasma infections were identified as the cause of death for three spinner dolphins
(Stenella longirostris) (West et al. 2023a). Anthropogenic stressors can include marine debris
ingestion and entanglements that result in death due to gastric blockages (e.g., Alexiadou et al.
2019); when caught as fishery bycatch, lethal injury from fishing hook penetration (e.g., Cuvertoret-
Sanz et al. 2020); vessel strikes (e.g., Pennino et al. 2022); high-powered echosounders (Southall et
al. 2013); and Navy sonar (e.g., Bernaldo de Quirés et al. 2019).

Determining the cause of death from a stranding has always been challenging, especially when
multiple pathogens are identified as possible contributors to the overall cause of mortality, but
advancements in diagnostic techniques are providing better mortality diagnoses (West et al. 2022a).
A diagnosis of trauma is broadly defined as an acute disease process without a natural cause, which
can manifest as skeletal fractures, a hemorrhage, and other types of soft tissue damage. Traumas
can be the result of blunt force, underwater sounds (e.g., seismic, explosions, high-powered
echosounders, sonar), fishery by-catch, injury from fishing hooks, ingestion of netting, gunshots,
entanglement, or decompression sickness. If severe, trauma can result in acute death, or it can
contribute to death from disorientation and/or cardiovascular or respiratory compromise.

Stranding investigations for the Pacific Islands region, including the Mariana Islands, were
conducted by the University of Hawaii Health and Stranding Lab located in Kaneohe (at Marine
Corps Base Kaneohe), the only organization in the region to conduct cause of death investigations
(West et al. 2022a). Among the 250 cetacean strandings examined in the Pacific Islands from 2006
to 2022 (West et al. 2023a, 2024a), a cause of death diagnosis based on the pathological findings
could be determined for 125 out of 196 stranded cetaceans when full or partial necropsies were
performed.
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Evidence of pathogens was found in 60 percent of the stranded cetaceans across all species, with
about half being in poor body condition due to chronic illness (West et al. 2024a). Heavy parasitism
from nematodes, cestodes, and trematodes was used as an indicator of nutritional deficiency. A high
percentage of stranded odontocetes had heavy parasitic burdens and/or suffered from multiple
chronic infections, both suggestive of a poor immune status.

Among the_strandings examined in the Pacific Islands, 18 were BWs (12 Cuvier's BWs, 5 Blainville’s
BWs, and 1 Longman’s BW), of which five Cuvier's BWs were strandings within the MIRC (West et
al. 2023a). One of the five specimens was examined in an advanced state of decomposition, and
therefore pathological changes or cause of death could not be evaluated. Another specimen
included only a head that was frozen prior to examination, eliminating the ability to determine the
cause of death. The remaining three Cuvier's BWs were fresh-dead specimens that were fully
necropsied. All three had cerebral or meningeal hemorrhages resulting from either blunt force or
acoustic trauma. Two of these also had severe renal parasitism but were in good body condition,
suggesting death was likely acute.

Bernaldo de Quiros et al. (2019) reported that sonar-related strandings can be determined from
seven diagnostic criteria. These findings were based on the evaluation of mass strandings of
Cuvier's BWs in the Canary Islands, Almeria, and Greece. The ability to test for all seven criteria
requires fresh specimens, a rapid response protocol, and training in advanced diagnostic
techniques. Non-sonar-related strandings could also present several of the seven diagnostic criteria.

Among the five stranded Cuvier's BWs examined by the University of Hawaii Health and Stranding
Lab, none exhibited all seven diagnostic criteria of a sonar-related stranding (Table 10). However,
carcasses were not examined grossly for gas bubbles in the vasculature, which is important to
distinguish from bubbles that naturally form during decomposition. Also, the conditions of the
carcasses at the time of examination were deteriorated, and the methods of sample preservation
(freezing) limited the ability to test for the other six diagnostic criteria.

Four of these eight Cuvier's BW stranding events?® in the Marianas were shown to coincide with Navy
sonar use (Simonis et al. 2020; Filadelfo et al. 2024). Of these 12 individuals, four were necropsied
and one head examined, with the remainder herded out to sea or not recovered (Table 10). The
necropsied individuals included one head and one full necropsy associated with individuals who
stranded when sonar was recorded, one individual who stranded within six days of a Navy exercise,
which may have included sonar use, one individual who stranded within six days of a Navy exercise
without sonar use, and one individual who stranded when no Navy exercise was occurring (Simonis
et al. 2020; West pers. comm.). Acoustic trauma could not be determined from the frozen head
specimen, and so only one of the seven criteria (correlation with Navy sonar activity) could be
assessed.

Of the four necropsied MIRC-stranded Cuvier's BWs, one was too decomposed to determine cause
of death. The three remaining Cuvier's BWs that were necropsied were positive for 3—5 of the six
diagnostic criteria that were examined (Table 10). The seventh criteria was not able to be examined.
Hemorrhages in the brain and/or sound channels were observed in the animals that were spatially
and temporally associated with sonar, and one of the whales that stranded in Guam had significant
hyaline degeneration and microscopic hemorrhages in the heart and lung.

5 Simonis et al. (2020) examined eight, and Filadelfo et al. (2024) examined nine of the 10 Cuvier's BW stranding
events in the Mariana Islands. All 10 stranding events are listed in Table 10.
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The presence of beaked whale Circovirus (BWCV) was tested in archived tissue from individual
cetaceans stranded in the Pacific Islands between 2000 and 2021 (n = 20) (West et al. 2022c;
Clifton et al. 2023), including the Cuvier's BW that stranded in Saipan in 2011 that coincided with
Navy training exercises (Table 11) (Simonis et al. 2020; Filadelfo et al. 2024). Circovirus was
present in five out of six tissue samples taken from this whale (West et al. 2021, 2022c¢; Clifton et al.
2023). Beaked whale Circovirus may represent an important emerging disease within populations
spanning the central, western, and southern Pacific, which may lead to mortality or opportunistic co-
infection by other pathogens (West et al. 2024a).

9 Beaked Whale Behavioral Responses to
Anthropogenic Disturbance

Research question: What information about BW behavioral responses to anthropogenic
disturbance has become available since 2022?

Key takeaways:

e BWs stay in deep waters if exposed to disturbance; they also reduce the use of biosonar and
move away from the source.

e Likely a reduction in BW foraging near the source, as inferred from the reduction/cessation of
biosonar activity.

e BWslikely avoid affected areas.

The sharp increase in research towards understanding BW occurrence, distribution, habitat use, and
behavior has been in large part due to concerns about how BWs react to MFAS exposure and the
role of MFAS in BW strandings. Henderson (2023) summarized the research as follows:

e When exposed during deep foraging dives, the primary response of BWs is to cease foraging
but remain at depth while moving away from the sound source.

e When exposed during other phases of the dive, BWs may respond by diving deep or
remaining at the surface or intermediate depths while moving away.

e The avoidance behavior may last for hours, disrupting foraging bouts (Thompson et al.
2023), or days (Manzano-Roth et al. 2016, 2023) with general avoidance of the area.

e BWs with novel exposure to MFAS appear to respond similarly to BWs with frequent
exposure to MFAS.

Beaked whale responses to MFAS have been reported as displacement of animals away from the
sound source (e.g., Joyce et al. 2019), movement similar to predator avoidance (e.g., Miller et al.
2022), a disruption in foraging (e.g., Falcone et al. 2017), and a disruption in normal dive behavior
(e.g., Barlow et al. 2020). Based on three years of Blainville’s BW and on 13 years of BWC
echolocation pulse data from PMRF off Kauai, Manzano-Roth et al. (2016, 2023) reported that group
vocal periods for foraging dives were reduced during MFAS activity and remained low for at least
three days after the Navy training event. However, it is unclear if these behavioral responses to
MFAS may have an impact at the population level (e.g., Booth et al. 2022).

Research has shown that BWs exhibit strong avoidance reactions to Navy MFAS used during anti-
submarine warfare training exercises, including cessation of echolocation and foraging activity
(Tyack et al. 2011; DeRuiter et al. 2013; Falcone et al. 2017; Stanistreet et al. 2022). In September
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2016, the multi-national Navy exercise, ‘CUTLASS FURY 2016’ (CF16), was conducted off eastern
Canada. PAM recordings were collected to quantify the occurrence and characteristics of sonar
signals, measure ambient noise levels, and assess changes in the acoustic activity of BWs
(Stanistreet et al. 2022). The number of hours per day with echolocation clicks from Cuvier's BWs
was significantly reduced during CF16 compared to the pre-exercise period in 2016 and control data
from 2015. Clicks from Mesoplodon sp., sporadically detected prior to CF16, were absent during the
Navy exercise and for seven days afterward. These results suggest that BWs ceased foraging in the
vicinity of CF16 and likely avoided the affected area (Stanistreet et al. 2022).

Long-term PAM data was collected from a HARP in Bahia Norte, in the marine protected area of
Guadalupe Island, México, to document the acoustic presence of Cuvier's BW echolocation clicks,
hull-mounted ultrasonic antifouling devices, shipboard echosounders, and motorized vessel noise
from 19 November 2018 to 3 October 2020 (Trickey et al. 2022). The research demonstrated that
ultrasonic antifouling technology elevates underwater noise levels at frequencies used by marine
mammals and resulted in a change in habitat use by Cuvier's BWs at the study site. Cuvier's BWs
were acoustically detected on all but two days of the two-year acoustic monitoring period, signifying
the year-round presence of this species. However, BW acoustic encounters sharply declined from
July to November 2019, coinciding with the near-constant use of the devices by some tourist vessels
during shark cage diving boat operations. Ultrasonic antifouling devices can thus be an acoustic
disturbance to marine wildlife, and this unregulated technology appears to be widespread, as it is
installed globally on a wide variety of vessel types (Trickey et al. 2022).
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10 Bahamas Factors

Seventeen marine mammals—including nine Cuvier's BWs, three Blainville’s BWs, and two
unidentified BWs—stranded along the northeast and northwest Providence Channels of the
Bahamas Islands on 15-16 March 2000 (Joint Interim Report, Evans et al. 2001). The strandings
occurred over a 36-hour period and coincided with the Navy’s use of MFAS within the channel.
Information gathered during the joint Navy and NMFS investigation of this Bahamas stranding
(Evans et al. 2001) concluded that “tactical MFAS onboard Navy ships that were in use during the
sonar exercise in question were the most plausible source of this acoustic or impulse trauma.” The
Joint Interim Report also went on to conclude that “the cause of this stranding event was the
confluence of Navy tactical MFAS and the contributory factors acting together” (Evans et al. 2001).

The contributory factors (“Bahamas Factors”) identified include:

e the presence of a strong surface duct that concentrate sound;

unusual underwater bathymetry;

intensive use of multiple sonars over an extended period of time;

a constricted channel with limited access (e.g., limited egress); and

the presence of BWs that appear to be sensitive to the frequencies produced by these
sonars.

Initial mass strandings associated with low-frequency active sonar (typically less than 1 kHz; LFAS)
and MFAS (typically 1-10 kHz, e.g., Henderson et al. 2022) were reported in the late 1990s and
early 2000s as part of multi-national Navy training exercises (Simmonds and Lopez-Jurado 1991;
Frantzis 1998; Evans et al. 2001; Jepson et al. 2003; Martin et al. 2004; Fernandez et al. 2005; Cox
et al. 2006; D’Amico et al. 2009). Factors identified in addition to the Bahamas Factors (Evans et al.
2001; D’Spain et al. 2006; D’Amico et al. 2009) that could increase the likelihood that a mass
stranding could occur include:

1. Multiple ships using sonar in a region where the bottom topography is complex and offers
limited egress for BWs to move out of the area;

2. The source of the sonar transmitting at the same depth as the surface duct;

3. Where the shoreline is relatively close to deep water (within 10s of km of the 1,000-m
isobath); and

4. Transmitting vessels are moving faster than 5 knots.

In addition, these and other Navy activities with associated strandings occurred within 80 km (43 nm)
of a 1000-m contour line, where there were dense concentrations of BWs present, and the BWs
occurred between the location of the sonar activity and the shoreline, contributing to an increased
likelihood of stranding (D’Amico et al. 2009; Filadelfo et al. 2009). Furthermore, the presence of the
strong surface duct can be facilitated by additional environmental factors, including calm seas and
reduced solar heating of the water’s surface (i.e., from cloud cover or darkness). These
environmental conditions allow mid-frequency signals to propagate further and with less attenuation
(D’Spain et al. 2006). These contributory factors (both environmental and operational), together with
recommended mitigation measures in the Joint Interim Report (Evans et al. 2001), formed the
foundation for the Navy’s procedural mitigation measures used in programmatic EISs and regulatory
consultations under the MMPA and Endangered Species Act (ESA), beginning in 2008.
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Based on this new understanding, some international navies have been making adjustments to their
training exercises to minimize impacts on marine mammals and BWs in particular (e.g., Dolman et
al. 2009, 2011; NATO 2018), which has resulted in no further stranding events in some regions such
as the Canary Islands (Fernandez et al. 2012; Henderson 2023).

Of the 126 global BW mass stranding events (487 individuals) reported between 1950 and 2004, two
reported details on the use, timing, and location of sonar in relation to mass strandings; 10 have
been linked temporally and spatially to Navy activities that may have used MFAS; 27 mass stranding
events occurred near a Navy base or ship but with no direct evidence of sonar use; and 87 mass
strandings had no evidence of a link to Navy activities (D’Amico et al. 2009) (Figure 26). Of note is
that Cuvier's BWs were never known to mass strand prior to 1950 (D’Amico et al. 2009). This could
be due to the fact that Cuvier's BWs are the dominant (or only) BW species present in the
Mediterranean Sea, an area that features several of the environmental Bahamas Factors, as well as
the presence of several European navies (Evans et al. 2001; D’Spain et al. 2006; D’Amico et al.
2009; Podesta et al. 2006, 2016). Podesta et al. (2016) found a close association between preferred
Cuvier's BW habitat and areas of intense Navy traffic. The prevalence of Cuvier's BWs in mass
strandings in other parts of the world may also be correlated with the fact that they can occur in
dense sub-populations along 1,000 m deep bathymetric contours relatively close to land (e.g., in the
Mediterranean Sea; D’Amico et al. 2009; Podesta et al. 2016; Henderson 2023), an environmental
condition that was identified as one of the main Bahamas Factors. Therefore, rather than being a
species that is particularly sensitive to MFAS, Cuvier's BWs may just occupy the habitat niche that
overlaps with the factors that lead to strandings. However, it should be noted that BW densities in
the Marianas, based on acoustic detections, appear to vary primarily with latitude vs. water depth
(McCullough et al. 2021; Badger et al. 2024).

2

Linked temporally and spatially
to Navy activities known to have
employed sonar.

Linked temporally and spatially
to Navy activities that may have
employed sonar.

Global beaked whale W .,

87 — —e)| Mass stranding events Occurred near a Navy base or

No evidence suggesting that from 1950-2004 vessel but no evidence of sonar use.
stranding events were linked
to Navy activities.

Figure 26. Global beaked whale mass stranding events reported between 1950 and 2004.

Notes: Source: D’Amico et al. 2009. n = 2 reported details on the use, timing, and location of sonar in relation to mass
strandings; n = 10 were linked in time and space temporally and spatially to Navy activities that may have used
MFAS; n = 27 mass stranding events occurred near a Navy base or ship but with no direct evidence of sonar use;
and n = 87 mass strandings had no evidence of a link to Navy activities.
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10.1 GeoPDF

Key takeaways:

e No areas of limited egress were identified in the region.

e Surface ducting was seasonally variable.

e Bathymetry was highly variable, with areas of high bathymetric relief around the islands and

seamounts.

e Too much uncertainty on BW density to fully integrate.
For the purposes of this document, the Navy evaluated the existence of the environmental Bahamas
Factors in the Mariana Islands—Ilimited egress, strong surface duct, high bathymetric relief, and BW
abundance—to inform whether there were areas where a confluence of factors existed (Figures 27
and 28 and Appendix A and Appendix B).

10.1.1 Limited Egress

No areas of limited egress were identified in the Mariana Islands, so limited egress was not included
in the total risk score.

10.1.2 Surface Ducting

Surface ducting layers reflect the seasonal probability of an acoustic surface duct forming within the
top 150 m of the water column (Figure 27). Yellow areas have a high probability of a duct forming
(score of 2), while green areas have a low probability of duct formation (score of 1). Regions within
the analyzed area of interest with no data shown for surface duct risk showed no possibility of duct
formation and were not scored (see Figures 27 and 28).

64 | May 2025



Beaked Whale Occurrence, Distribution, and Behavior in the MITT Study Area |_)2

MITT Beaked Whale Risk Factors 1:8.000,000
Surf Duct Risk MNautical Miles
Two-Factor Risk Totals - Level 4 0 50 100 150 200
I Low [ JLewei2 ‘_‘A e
i 0 50 100 150 200
Moderate v
[ ] . Bathymetry Risk A/
I i B L2 :
[ ]Levels

Figure 27. MITT beaked whale stranding cold season risk factors.

Notes: Bathymetry obtained from the 2020 General Bathymetric Chart of the Oceans (GEBCO). Surface ducting
information obtained from the 2016 Hybrid Coordinate Ocean Model (HYCOM). The North/South line on the map is
derived from Badger et al. (2024) density estimates. ManTech created the GIS density data from a hierarchy of
multiple sources, primarily from NMFS.
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Figure 28. MITT beaked whale stranding warm season risk factors.

R

Notes: Bathymetry obtained from the 2020 General Bathymetric Chart of the Oceans (GEBCO). Surface ducting
information obtained from the 2016 Hybrid Coordinate Ocean Model (HYCOM). The North/South line on the map is
derived from Badger et al. (2024) density estimates. ManTech created the GIS density data from a hierarchy of
multiple sources, primarily from NMFS.
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10.1.3 Bathymetry

Bathymetry does not vary seasonally, so this layer is static. Two cutoff values were used to find
areas of high relief. A location with a gradient 21,000 m over 5 nm (1,000 m over 9,260 m) was set to
a risk score of 4 (yellow areas), the highest risk value associated with bathymetric gradients. Any
gradient 2500 m over 5 nm (500 m over 9,260 m) and less than 1,000 m over 5 nm (1,000 m over
9,260 m) was assigned a risk score of 2 (green areas). All other locations do not meet the definition
of high bathymetric relief and did not receive a score (uncolored areas on the maps; see Appendix
A).

10.1.4 Beaked Whale Density

The BW density data recently available contains more accurate/updated density values than the last
round of MITT effects modeling (DON In preparation). However, three of the four BW species or
signal type density layers remain static, and the other two are nearly static (two stratified values in
each). Therefore, for the purposes of the GIS layer, the two stratified densities for Cuvier's and
Blainville’s BWs essentially divide the study areas into higher and lower density along a longitudinal
line (see Appendix A).

10.1.5 Two-factor Risk Totals

A GeoPDF showing scored bathymetry and surface ducting layers is located in Appendix B,
providing the ability to toggle on and off the various layers.

11 New Information on Conditions Conducive
to Beaked Whale Strandings

Research question: What information about conditions conducive to BW strandings has been
discovered since 2022?

Key takeaways:

e Total of 126 documented BW strandings worldwide from 1950 to 2004.

e Most BW strandings (69 percent) cannot be correlated (in space and time) with Navy
activity.

e Navy sonar is correlated with 10 percent of BW strandings.

o Noted prevalence of Cuvier's BW in mass strandings. Uncertain if this species is more
sensitive to acoustic disturbance than other BW species or if they occupy habitats where
disturbances occur or are more pronounced.

¢ Most strandings are not reported due to remote geographical locations or other local factors
(e.g., subsistence, cultural, etc.)®.

In February 2023, at least 13 Cuvier's BWs stranded in the northwest and west of Cyprus Island
(Cyprus Wildlife Research Institute [CWRI] 2023; Tonay et al. 2024). None of these BWSs survived,

and only six whales were reached by the authorities of the Turkish Republic of Northern Cyprus and
were necropsied (CWRI 2023; Tonay et al. 2024). Bleeding at the blubber level around the head and

6ifa Navy unit is aware of a stranding, it is reported.

May 2025 | 67



Beaked Whale Occurrence, Distribution, and Behavior in the MITT Study Area l_)?

ear canal and gas bubbles in the veins were suggestive of acoustic trauma, likely resulting from gas
embolisms (decompression sickness) caused by abnormal diving/surfacing behavior. Of the BWs
necropsied, all had full stomachs with undigested contents and normal parasitic loads, adding further
support to an acute event rather than the chronic effects of starvation. NAVigational TELeX
(NAVTEX) data, an internationally used marine communications system for maritime safety,
revealed that naval exercises and seismic surveys occurred in the eastern, southern, and western
parts of the island concurrent with the BW stranding events (Tonay et al. 2024).

It should be noted that the absence of mass stranding events for any region may not necessarily be
an indicator that significant impacts are not happening but more simply that a stranding response is
not being detected due to a myriad of other factors, such as the geography of the region (Faeber
and Baird 2010). Carcass recovery of cetaceans can be extremely low, as many animals die at sea
without live stranding, or the carcass never washes up onshore (West et al. 2023b).

Of the seven Cuvier's BWs for which cause of death was attributed, among 250 cetacean stranding
responses in the Pacific (West et al. 2023a, 2024a), four were attributed to trauma (evidence of
hemorrhaging and a cervical vertebral fracture) and three to infectious disease. One Longman’s BW
death was also attributed to infectious disease.

Padula et al. (2023) found large marine debris (1 mm—-1,010 mm; 68 percent made of plastic) in the
stomachs of 21 dead odontocete species (8 percent of specimens) in southern Brazil and northern
Argentina between 1988 and 2020. Among the plastic debris, single-use plastics (e.g., bags) were
the most abundant. Two Gervais’ BWs (Mesoplodon europaeus) were included. Individual Hector's
(Mesoplodon hectori) and Cuvier's BWs were tested but did not show signs of marine debris
ingestion (Padula et al. 2023).

Romani-Cremaschi et al. (2023) reported a juvenile male Cuvier's BW that stranded along the coast
in ltaly from a case of septicemia by Morganella morganii with concurrent renal crassicaudiasis.
Toxicology results revealed a high concentration of immunosuppressant pollutants in the blubber,
which likely compromised the animal’s health, enabling the bacterial infection to overcome the
animal. A chronic parasite infestation of Crassicauda sp. was also found in both kidneys.

Felipe-Jiménez et al. (2023) reported the first occurrence of Nasifrema sp. in an adult female
Blainville’s BW that died in a stranding in 2016 in the Canary Islands. This parasite was not found in
any of the other 54 BWs examined, from a total of 89 that stranded in this region between 1999 and
2017. In addition, the liver, kidney, prescapular lymph node, and brain samples tested positive for
the herpes virus.

Acebes et al. (2022) reported two strandings of Longman’s BWs following a typhoon in 2018 in the
Philippines and suggested possible causes as 1) the typhoon itself may have caused disorientation;
2) a Morbillivirus infection as seen in Hawaii (West et al. 2013); 3) possible trauma from
anthropogenic sounds (Yang et al. 2008; Yamada et al. 2012), although no MFAS or seismic activity
were reported during this time; and 4) plastic debris ingestion (Yamada et al. 2012; Kaladharan et al.
2014). No necropsies were completed to diagnose the cause of death.

11.1  Advances in Determining Cause of Death

Peruffo et al. (2023) developed the first in vitro muscle-derived cell line obtained from tissue samples
of a dead, stranded male Cuvier's BW in Italy. This cell line provides opportunities for testing the
toxic effects of water pollutants on living cells from a Cuvier's BW.
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Kraft et al. (2023) evaluated whether gene fragment amplification protocols can support identifying,
corroborating, or correcting the identification of the species and sex of a stranded cetacean in the
field when taxonomy and/or sex identification can be hindered in the field. In addition to
corroborating the taxonomy and sex among the 63 strandings recorded in Chile, this technique
identified seven unidentified samples and corrected three misidentified samples (e.g., Hector's BW
corrected to a Gray’s BW [Mesoplodon grayi]), improving the overall stranding database, which
supports management and conservation efforts.

The University of Hawaii Health and Stranding Lab plays a critical role as the only organization in the
region, which conducts cause of death investigations for cetacean strandings in the Pacific Islands,
to determine cause of death by: 1) mounting an immediate response to each newly reported
stranding event; 2) conducting extensive necropsy examinations; 3) including histopathology; 4)
conducting disease surveillance; 5) collecting tissue samples; 6) facilitating advanced diagnostics
such as screening archived tissues for the presence of Brucella, Toxoplasmosis, and Morbillivirus to
help diagnose when infectious disease is suspected (West et al. 2022b; West et al. 2023b; West et
al. 2024a), and 7) using a specialized inner ear perfusion technique modified from Morell et al.
(2017) to help diagnose noise overexposure.

12  Conclusions and Synthesis

All three of the predominant BW species/signal types encountered in the MITT—Cuvier’s,
Blainville’'s, and BWC—have been acoustically detected year-round with no clear seasonal pattern
observed to date (see Figure 9 and Figures 29-31) (Coates et al. 2015; Simonis et al. 2020; Hill et
al. 2020a; McCullough et al. 2021; Yano et al. 2022). Blainville’s and Cuvier's BWs were the most
commonly detected BW species, followed by BWC; however, relative abundance varied by location
and PAM method/device used, with only occasional detections of Longman’s BWs. However,
Longman’s BWSs were first detected in 2018 (Hill et al. 2020a), and it may be that they were present
in the data earlier, but early detectors were not tuned to this species, as their clicks weren’t even
described until 2011 (Rankin et al. 2011), respectively. Alternatively, this species could have been a
recent arrival to the area as oceanographic conditions have changed. Furthermore, Longman’s BWs
had the third-highest rate of detection on the 2018 DASBRs (Hill et al. 2020a; McCullough et al.
2021), and so they may be even more common than BWC in the area.

The differences in detection rates of Cuvier's BWs off Tinian, Saipan, and Guam could be indicative
of a latitudinal gradient in the distribution of this species or of differences in environmental conditions
off each island that lead to differing rates of habitat use. For example, the HARPs and Rockhoppers
(Hill et al. 2015; Baumann-Pickering et al. 2018, 2023; Klinck et al. 2024) with more acoustic
detections of Cuvier's BWs were deployed further away from the islands on a flatter seabed, while
the HARPs with more acoustic detections of Blainville’s BWs were deployed on the steep slopes of
the islands. On the gliders, Blainville’s and BWC BW detections mainly occurred on the Mariana
Ridge and the Mariana Trough in waters between 1,800 and 2,300 m (5,906 and 7,546 feet) deep
(Klinck et al. 2016; McCullough et al. 2021). An analysis of the bathymetry corresponding to DASBR
acoustic detections would likely identify similar differences in the habitat where each species was
detected, although the gliders did not detect Cuvier's BWs at all and moved over all types of
bathymetries. More than half of the sightings (11 of 18) occurred during small boat surveys in the
southern islands, which were primarily nearshore. While visual encounters occurred at mean depths
of 1,200 m (3,937 feet) and within 7 km (4 nm) from shore for all BWs, most of the acoustic
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detections were recorded on DASBRSs, which were offshore and not associated with ship noise (and
echosounders), which has been shown to affect the visual detection of BWs. This may be a bias due
to better conditions for sightings occurring closer to the islands, while offshore conditions generally
have poor visibility conditions (e.g., high BSS, large swells).

Alternatively, there could be a seasonal or longer-cycle temporal shift in Cuvier's BW distributions.
There are longer time periods when Cuvier's BWs were not recorded by HARPs at Tinian (during the
latter two, they were also not recorded at Saipan): September 2013—June 2014, January—June
2015, and January—June 2016 (Oleson et al. 2015; Baumann-Pickering et al. 2023). There were no
recordings at Saipan from April-December 2013 and no recordings at Tinian from June—December
2013. However, from May 2015 to April 2017, they were continuously detected at Pagan to the north
(Oleson et al. 2015; Baumann-Pickering et al. 2023). There were no concurrent recordings off Guam
during these time periods, but it could be that Cuvier's BWs move north and south along the Mariana
Archipelago with some periodicity.

Density estimates derived from the 2021 DASBR data indicated the presence of between two and
seven times more Cuvier's and Blainville’s BWs, respectively, north of 15.5° N compared to south of
this latitude (Badger et al. 2024). The same was true for the 2018 DASBR data (Hill et al. 2020a;
McCullough et al. 2021), although a smaller area was sampled with fewer buoys, and density
estimation could not be conducted. However, in 2022, Cuvier's BWs were the most common species
among the Rockhoppers deployed around Guam (Klinck et al. 2024). Due to the differential sampling
of locations across years, the hypothesis of latitudinal shifts in distribution is more difficult to assess
with these data. Future simultaneous acoustic sampling using fixed and/or moving (e.g., DASBRs,
gliders) recorders throughout the region from north to south might help elucidate possible latitudinal
trends and shifts in distribution.

Density estimates for Blainville’s and Cuvier's BWs found the species to be in comparable densities
in the southern portion of the area (below 15.5° N) at 4.15 and 4.78 animals per 1,000 km? (Badger
et al. 2024), respectively. In the northern portion of the area, Blainville’s BWs were estimated to have
28.5 animals per 1,000 km?, while Cuvier's BWs only had 8.72 animals per 1,000 km? (Badger et al.
2024).
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Figure 29. Cuvier’s beaked whale temporal occurrence in MITT.

Notes: Peach box indicates no effort that month; green box with black lines indicates effort but no acoustic or visual
detections; and the solid green box indicates a visual or acoustic detection in some part of the area. Note that the
acoustic effort from April 2009 to February 2010 had a low sampling rate and may not have been able to detect
beaked whales.
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Figure 30. Blainville’s (and unknown Mesoplodon) beaked whale temporal occurrence in
MITT.

Notes: Peach box indicates no effort that month; green box with black lines indicates effort but no acoustic or visual
detections; and the solid green box indicates a visual or acoustic detection in some part of the area. Note that the
acoustic effort from April 2009 to February 2010 had a low sampling rate and may not have been able to detect
beaked whales.
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Figure 31. BWC beaked whale temporal occurrence in MITT.

Notes: Peach box indicates no effort that month; green box with black lines indicates effort but no acoustic or visual
detections; and the solid green box indicates a visual or acoustic detection in some part of the area. Note that the
acoustic effort from April 2009 to February 2010 had a low sampling rate and may not have been able to detect
beaked whales.

Though Figures 29-31 suggest that when there is effort, BWs are detected, a recent report
(Ziegenhorn et al. 2023) suggests that reviewing the oceanographic conditions (e.g., sea surface
temperature, El Nino/La Nina) might help provide context or inform possible seasonal variations.

12.1  Strandings

Of the 126 reported BW stranding events worldwide between 1950 and 2004, the majority (n = 87)
have no potential causal association or correlation with Navy activity (Figure 26; D’Amico et al.
2009).

Nine Cuvier's BW stranding events occurred in the Marianas from 2003 to 2019 (Simonis et al. 2020;
Filadelfo et al. 2024; West pers. comm.; West et al. 2024b). Four of these events (n = 5-6
individuals) were spatially and temporally associated with naval exercises (Simonis et al. 2020;
Filadelfo et al. 2024; West et al. 2024a). Four of the animals associated with these events were
necropsied and exhibited 3—5 of the diagnostic criteria from Bernaldo de Quiros et al. (2019) that
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indicate the strandings were likely due to acoustic trauma, including hemorrhages in the brain and
sound channels, hyaline degeneration, and hemorrhages in the heart and lung (West et al. 2024a).
Beaked whale Circovirus was also found in one of these whales.

One hundred ten BW strandings were recorded from Polynesia, Micronesia, and Melanesia from
1884-2023 (West et al. 2024b). The majority of these events involved single animals. In total, there
were 71 Cuvier's BW strandings, 24 Blainville’s BW strandings, five Deraniyagala’s BW strandings
(one of which was actually forced onto land by hunters), three Longman’s BW strandings, and one
ginkgo-toothed BW stranding.

Seven Cuvier's BW strandings had two or more individuals within two days in the same area and
thus can be defined as mass stranding events: two individuals in the Northwestern Hawaiian Islands
in 1973; two individual Cuvier's BWs in Saipan in 2011; two individuals during each of two stranding
events in the Cook Islands (1998 and 2023); three individuals in Samoa in 2010; two or three
individuals in Guam in 2015; and two individuals in French Polynesia in 2023 (West et al. 2024b). In
addition, seven Longman’s BWs mass-stranded in New Caledonia in November of 2013. A possible
mixed-species (two Blainville’s BWs and one Cuvier's BW) mass stranding occurred on two islands
in Midway Atoll before 1961. Two Deraniyagala’s BWs stranded on Palmyra Atoll in November of
2005, and another seven stranded in the Gilbert Islands before 2003. Four unidentified BWs
stranded at Kanton Island in the Phoenix Islands in 1978 (West et al. 2024b).

West et al. (2024b) note that other than two historical records of Cuvier's BWs from 1884 and 1921,
all other strandings reported were from 1950 to 2023. Reported strandings also increased in number
over this period, with the number of strandings in 2000—2010 doubling the number from 1950-2000,
and although there was a slight decline in 2010—-2020, the trend appears to be increasing again for
the current decade. However, West et al. (2024b) also state that knowledge of stranding rates is
entirely dependent on strandings being observed and reported, and that in the Pacific Island Region,
many of which are uninhabited or lightly inhabited, strandings are likely to be missed. Furthermore,
human behavior towards marine mammals has changed drastically in the seven decades of reported
strandings, with a view of marine mammals as prey or a neutral attitude evolving into a posture of
consideration and protection almost globally. Furthermore, funding for marine mammal research
didn’t begin until the 1950s and 1960s, and a focus on BWs began after the stranding events in the
late 1990s and early 2000s. It is understandable that stranding rates have grown when you consider
the improvement in global communication capabilities; nevertheless, it is more likely that stranding
reporting rates have increased rather than stranding rates (Figure 32).
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Figure 32. From West et al. (2024b); numbers of reported BW strandings since 1950.
Note: the last column only includes 2020-2023 rather than the full decade.

Note: This also serves as a visualization of how strandings of additional species have been added once those
species were described, and that while Cuvier's BWs strand the most often, they are also the most broadly distributed
and widely recognized species.

Even though the acoustic and visual survey data seem to indicate that Cuvier's BWs occur with less
abundance than Blainville’s BWs and may be comparable (or slightly more abundant) to BWC BWs,
they have stranded in twice the numbers of Blainville’s BWs in this region and have also been found
to strand more often globally than other species, with 1,800 strandings recorded globally (West et al.
2024b). Cuvier's BWs were first described in 1823, Blainville’s BW in 1817, Longman’s BW not until
1999 (other than the holotype skull in Australia), Deraniyagala’s initially in 1963 but not truly until
2012, and ginkgo-toothed BWs in 1957. Strandings for Deraniyagala’s, Longman’s, and ginkgo-
toothed BWs were first reported in 2003; however, these are all Mesoplodon species, which can be
easily confused with each other, especially if they are already decomposed. Cuvier's BWs are
physically distinct from the other species in MITT and are the most well-known species and,
therefore, likely the most identifiable species. Therefore, with the relatively recent classification of
some species, coupled with the high possibility of not identifying (or misidentifying) a stranded
species, this could be why there is an apparent higher rate of Cuvier's BW strandings (e.g., Figure
32). Alternatively, these species could inhabit areas that lend themselves more to animals stranding
than other species, although evidence suggests that they actually occur further offshore than
Blainville’s or BWC and therefore should be less likely to strand. The areas they inhabit could also
coincide with a higher confluence of the Bahamas Factors than other species, leading to higher
impacts on this particular species than conspecifics from anthropogenic noise sources. Finally, it
could be that due to their extremely deep and long dives, or for some other behavioral or
physiological reason, these animals are more likely to get decompression sickness if they change
their dive behavior for any reason, whether that is exposure to anthropogenic factors, predator
avoidance, or even extending their dives to search for prey.
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Out of 250 odontocetes that stranded in the Mariana and Hawaiian Islands from 2006 to 2022,
partial or full necropsies could be conducted on 196, and of those, the cause of death could be
identified in 125. Sixty percent of those deaths could be attributed to natural causes, including
diseases such as Toxoplasmosis, Brucella, Morbillivirus, Circovirus, and Mycoplasma, as well as
parasitic infections. Plastic ingestion was found in 81 animals. Both plastic ingestion and parasites
were not necessarily the direct cause of death in most animals but could be contributing factors in
animals weakened by disease or trauma. Twenty-eight percent of deaths were caused by
anthropogenic-induced trauma; most of these were from fisheries interactions or blunt force trauma
by vessels. Of the 250 cetaceans, there were 18 BW strandings, 12 of which were Cuvier's BWs. Of
these, there were 7 Cuvier's BWs that had signs of acoustic or blast trauma; 3 of these animals also
had heavy parasitic loads that contributed to the cause of death. In addition, one BW tested positive
for BWCV, an emerging disease impacting BWs in the Pacific Ocean. While none of the four BWs
associated spatially or temporally with training activity had all seven contributing factors defined by
de Quiro et al. (2019) as resulting from acoustic trauma associated with low- or MFAS, none of the
bodies were recovered in a state where all seven factors could be fully assessed. However, three of
the four Cuvier's BWs that could be necropsied fully had 3-5 of the contributing factors, including
hemorrhages in the brain, heart, and lungs; hemorrhages in the ears; and hyaline degeneration.
Four other species also showed signs of decompression sickness (not necessarily associated with
blast trauma), including a Fraser’s dolphin, a spotted dolphin, a pygmy sperm whale, and a pilot
whale. Stranded Longman’s and Blainville’s BWs that could be necropsied were determined to have
died of natural causes. Five other Cuvier's BWSs that stranded in the Mariana Islands during this time
were either found alive and returned to the water or did not have necropsies performed, so no cause
of death was determined; one additional Mesoplodon was also found alive and returned to the water.

13 Discussion

The Navy’s partners’ combination of visual and acoustic surveys conducted since 2007 has led to a
much-improved understanding of BWs in the Mariana Islands. Four BW species and/or signal types
have been identified in these waters, including Blainville’s, Cuvier’s, Longman’s, and the BWC BW,
all considered to be regular inhabitants in the region (Coates et al. 2015; Simonis et al. 2020; Hill et
al. 2020a; Yano et al. 2022). The BWC has yet to be visually detected but has been confirmed
acoustically from distinct click signatures (Baumann-Pickering et al. 2014; Oleson et al. 2015, 2021;
Klinck et al. 2024).

Acoustic surveys have revealed a year-round presence of these species in the Mariana Islands.
Detections of BWs collected from six recording platforms, including towed arrays, drifting DASBRSs,
moored EARs, HARPs, Rockhoppers, and autonomous Seagliders, indicate habitat preferences
concentrated on the Mariana Ridge and the Mariana Trough in waters between 1,800 and 2,300 m
(5,906 and 7,546 feet) deep (Klinck et al. 2016; McCullough et al. 2021). Klinck et al. (2024) reported
that BWs were detected every month at both Rockhopper sites off Guam, except for the month of
November at the south array, with the highest encounters during the months of June and July.
Beaked whales are more commonly found in the northern part of the archipelago, where a richer
food niche may exist based on differences in oceanographic data collected concurrently with DASBR
drifts (McCullough et al. 2021). Density estimates derived from DASBR data for Cuvier's and
Blainville’s BWs also indicate a strong latitudinal variation in the abundance of these species in the
study area (Badger et al. 2024). Cuvier's BWs were detected almost two times more often in the
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northern vs. southern strata, and Blainville’s BWs were detected almost seven times more often in
the northern strata (Badger et al. 2024). Preliminary density estimation of Cuvier's BW off Guam
from moored Rockhoppers is similar to DASBR results for the southern strata (pers. comm., Danielle
Harris, CREEM, University of St Andrews). Overall, Blainville’s BWs had a higher estimated density
and greater abundance than Cuvier's in the MITT Study Area (Badger et al. 2024). Longman’s BWs
have been detected strictly in waters north of 15.5° N (Klinck et al. 2016). Although short-term trends
such as diel behavior are generally uncommon in BWs (Baird et al. 2008; Baumann-Pickering et al.
2014; Schorr et al. 2014; Baird 2019; McCullough et al. 2023), diel patterns were detected in BWC
(McCullough et al. 2023), which exhibits nocturnal foraging behavior and tends to forage at much
shallower depths than most BWs, and most Cuvier's BW detections from the Rockhoppers occurred
during nighttime hours (Klinck et al. 2024).

As described in Section 7.1, four Cuvier's BW strandings in the Mariana Islands were found to be
coincident with the use of Navy sonar in the period from 2007 to 2019 (Simonis et al. 2020; Filadelfo
et al. 2024). Findings in Filadelfo et al. (2024) incorporated information from the Navy’s SPORTS
database, which contains detailed sonar use records. This database is classified and was not
available to Simonis et al. (2020) in their analysis. Nevertheless, the two analyses resulted in broadly
similar conclusions, although the statistical significance of the relationship between sonar use and
BW strandings was weaker in the analysis that used SPORTS data. Filadelfo et al. (2024) also
caution against coming to conclusions using data with such high levels of uncertainty, based on
small sample sizes of random events, and state that methodological improvements are needed to
more accurately assess the relationship of sonar and marine mammal strandings.

Researchers at the University of Hawaii Health and Stranding Lab recently re-examined 250
cetacean strandings recorded in the Pacific Islands since 2002; 12 of these were BW strandings that
occurred in the Mariana Islands between 2003 and 2019. This study has yielded some interesting
new information through the application of advanced diagnostics to determine the cause of death
from a stranding (West et al. 2023b; West et al. 2024a). Among the BW strandings examined, five
were Cuvier's BWs stranded within the MITT Study Area (West et al. 2024a). Three Cuvier's BWs
that were necropsied were positive for 3—-5 of the diagnostic criteria that were examined; however,
none exhibited all seven diagnostic criteria of a sonar-related stranding (West et al. 2024a).
Significant hemorrhages in the brain and/or sound channels were observed that were temporally
associated with sonar, and one of the whales that stranded in Guam had significant hyaline
degeneration and microscopic hemorrhages in the heart and lung.

Genetic analysis of archival tissue was used for purposes of species validation/determination, as
well as identification of infectious diseases such as Brucella, Toxoplasma, Circovirus, and herpes
virus. Identification of Morbillivirus in archival tissues is revealing the significance of infectious
disease in cetacean mortalities. The results broaden the known geographic range of BWCV to
include Saipan in the western Pacific and American Samoa in the southern Pacific, where stranded
Cuvier's BWs also tested positive (West et al. 2024a). Beaked whale Circovirus may therefore
represent an important emerging disease within populations spanning the central, western, and
southern Pacific, which may lead to mortality or opportunistic co-infection by other pathogens (West
et al. 2024a). Analyses also included evaluation of the nutritional state of an animal when stranded
to diagnose an acute versus a chronic cause of death (West et al. 2023a, 2023b). Because
cetaceans are subjected to both natural and anthropogenic impacts, it is important to continue
refining our ability to determine the cause of death during any stranding event. Pradip Na Thalang et
al. (2023) recommended surveillance systems (e.g., automatic recording systems) focused around

May 2025 | 77



Beaked Whale Occurrence, Distribution, and Behavior in the MITT Study Area l_)2

hot spot areas that are determined from spatial and temporal analyses of stranded animals. These
can potentially improve success in stranding response in regions where hotspots exist, in hopes of a
successful rescue or to improve the likelihood of determining the cause of death. The ongoing
spatial and temporal analysis of BW strandings in the Mariana Islands may identify such hotspots in
the region (or lack thereof).

Cuvier's BWs have been a priority species for the Navy for decades and, more recently, were added
as a priority species for analysis under a 2020-2023 Navy research-funded program entitled Marine
Species Monitoring for Potential Consequences of Disturbance (MSM4PCOD). MSM4PCOD has
explored how Navy-funded monitoring priorities can be adjusted to provide the best scientific
information supporting Population Consequence of Disturbance (PCoD) analysis. However, the data
inputs required for PCoD analysis are extensive and include life history information, energetic and
physiological data, and sources of disturbance. Cuvier's BWs in Southern California and Blainville’s
BWs in the HRC have among the most robust population and exposure studies to date in the Pacific,
and those data inputs are still incomplete. Given the likely similarities between BW species across
the Pacific, the extensive work in Southern California and Hawaii will inform next steps for BWs in
the Mariana Islands.

Lastly, despite robust survey efforts, there is still relatively little information about BW abundance
and density (i.e., number of animals per unit area) in the Mariana Islands, making it difficult to
monitor population trends. However, density estimates recently derived from drifting PAM buoy data
(Badger et al. 2024) as well as ongoing work to estimate BW density from moored PAM units (Klinck
et al. 2024) may help to fill this important data gap.

14 Recommendations/Next Steps

Navy and NMFS discussions concluded that the biggest data gap for the area is density for BW
species, as there is not enough data for further discussion of mitigation. Current information is
limited to preliminary density estimates for two species. Suggestions for improvement include
refining density estimation methods with existing data, gathering additional data using DASBR
deployments and/or glider deployments in limited spatial areas of interest, gathering additional data
at large spatial coverage, and examining population dynamics over a large time scale. Due to the
inherent challenges of conducting research in this area, convening experts to support design
methodologies for additional data collection is advisable.

78 | May 2025



Beaked Whale Occurrence, Distribution, and Behavior in the MITT Study Area l_)?

15 References

Acebes, J.M., T, Yamada, J. Poniente, A. Matsuda, M.L. Dolar, M. Espiritu, J.M.L. Tan, and M.
Santos. 2022. Strandings of Longman’s beaked whale (Indopacetus pacificus) in the Philippines.
Journal of Cetacean Research and Management 23(1):81-107.

Alexiadou, P., I. Foskolos, and A. Frantzis. 2019. Ingestion of macroplastics by odontocetes of the
Greek Seas, Eastern Mediterranean: Often deadly! Marine Pollution Bulletin 146:67—-75.

Bachara, W. 2022. A Review of World Stranding Records of a Deraniyagala’s Beaked Whale
(Mesoplodon hotaula). Unpublished report to Cetal Fauna. Permission was granted to cite.

Bachara, W., M. Kuroda, S. Nishida, H. Ishikawa, and T. Fritz Matsuishi. 2023. Northernmost record
of the ginkgo-toothed beaked whale (Mesoplodon ginkgodens). Aquatic Mammals 49(4):356—365.

Badger, J., J. McCullough, E. Oleson, J. Barlow, R.W. Baird, and T. Sakai. 2024. Density and
abundance of Cuvier’'s and Blainville’s beaked whales in the Mariana Archipelago estimated using
drifting acoustic recorders. Final Report to U.S. Navy Pacific Fleet. January 2024.

Baird, R.W. 2019. Behavior and Ecology of Not-So-Social Odontocetes: Cuvier's and Blainville’s
Beaked Whales, in Ethology and Behavioral Ecology of Odontocetes, Ethology and Behavioral
Ecology of Marine Mammals, ed. B. Wirsig (Switzerland AG: Springer Nature), 305-329.

Baird, R.W., D.L. Webster, G.S. Schorr, D.J. McSweeney, and J. Barlow. 2008. Diel variation in
beaked whale diving behavior. Marine Mammal Science 24(3):630-642.

Barlow, J., and E. Erug. 2023. Acoustic detections of cetaceans from a towed recording system on a
trans-Pacific rowing expedition. Aquatic Mammals 49(3):236-240.

Barlow, J., S. Fregosi, L. Thomas, D. Harris, and E.T. Griffiths. 2021a. Acoustic detection range and
population density of Cuvier's beaked whales estimated from near-surface hydrophones. The
Journal of the Acoustical Society of America 149(1):111-125.

Barlow, J., J.E. Moore, J.L. McCullough, and E.T. Griffiths. 2022. Acoustic-based estimates of
Cuvier's beaked whale (Ziphius cavirostris) density and abundance along the US West Coast from
drifting hydrophone recorders. Marine Mammal Science 38(2):517-538.

Barlow, J., G.S. Schorr, E.A. Falcone, and D. Moretti. 2020. Variation in dive behavior of Cuvier’'s
beaked whales with seafloor depth, time-of-day, and lunar illumination. Marine Ecological Progress
Series 644:199-214.

Baumann-Pickering, S., M.A. McDonald, A.E. Simonis, A. Solsona Berga, K.P.B. Merkens, E.M.
Oleson, M.A. Roch, S.M. Wiggins, S. Rankin, T.M. Yack, and J.A. Hildebrand. 2013. Species-
specific beaked whale echolocation signals. The Journal of the Acoustical Society of America
134(3):2293-2301.

Baumann-Pickering, S., M.A. Roch, R.L. Brownell, Jr., A.E. Simonis, M.A. McDonald, A. Solsona-
Berga, E.M. Oleson, S.M. Wiggins, and J.A. Hildebrand. 2014. Spatio-temporal patterns of beaked
whale echolocation signals in the North Pacific. PLoS ONE 9:e86072.

Baumann-Pickering, S., J.S. Trickey, and E.M. Oleson. 2018. Geographic Differences in Blainville’s
Beaked Whale (Mesoplodon densirostris) Echolocation Clicks. Marine Physical Laboratory, Scripps
Institution of Oceanography, University of California San Diego, La Jolla, CA, MPL Technical

May 2025 | 79



Beaked Whale Occurrence, Distribution, and Behavior in the MITT Study Area l_)?

Memorandum #630 under Cooperative Ecosystems Study Unit Cooperative Agreement N62473-17-
2-0014 for U.S. Navy, U.S. Pacific Fleet, Pearl Harbor, Hawaii. September 2018.

Baumann-Pickering, S., J.S. Trickey, A. Solsona-Berga, A. Rice, E.M. Oleson, J.A. Hildebrand, and
K.E. Frasier. 2023. Geographic differences in Blainville's beaked whale (Mesoplodon densirostris)
echolocation clicks. Diversity and Distributions 29(4):478-491.

Bernaldo de Quirés, Y., A. Fernandez, R.W. Baird, R.L. Brownell Jr, N. Aguilar de Soto, D. Allen, M.
Arbelo, M. Arregui, A. Costidis, A. Fahiman, A. Frantzis, F.M.D. Gulland, M. IAiguez, M. Johnson, A.
Komnenou, H. Koopman, D.A. Pabst, W.D. Roe, E. Sierra, M. Tejedor, and G. Schorr. 2019.
Advances in research on the impacts of anti-submarine sonar on beaked whales. Proceedings of the
Royal Society B 286(1895):20182533.

Booth, C.G., N. Brannan, R. Dunlop, A. Friedlander, S. Isojunno, P. Miller, N. Quick, B. Southall, E.
Pirotta. 2022. A sampling, exposure and receptor framework for identifying factors that modulate
behavioural responses to disturbance in cetaceans. Journal of Animal Ecology 91:1948-1960.

Brown, V. 2008. Beaked Whale Stranding on Guam. Honolulu, HI: Pacific Islands Region Marine
Mammal Response Activities Report.

Clifton, C.W., I. Silva-Krott, M.G. Marsik, and K.L. West. 2023. Targeted surveillance detected novel
beaked whale circovirus in ten new host cetacean species across the Pacific basin. Frontiers in
Marine Science 9:945289.

Coates, S., T. Norris, A. Zoidis, J. Jacobsen, and S. Hanser. 2015. Marine Mammal Acoustic Survey
Findings from Pagan Island, Commonwealth of the Northern Mariana Islands (CNMI). Abstracts,
21st Biennial Conference on the Biology of Marine Mammals. 13—18 December 2015. San
Francisco, California.

Coombs, E.J., R. Deaville, R.C. Sabin, L. Allan, M. O'Connell, S. Berrow, B. Smith, A. Brownlow, R.
Penrose, R. Williams, M.W. Perkins, P.D. Jepson, and N. Cooper. 2019. What can cetacean
stranding records tell us? A study of UK and Irish cetacean diversity over the past 100 years. Marine
Mammal Science 35(4):1527-1555.

Cox, T.M., T.J. Ragen, A.J. Read, E. Vos, R.W. Baird, K. Balcomb, J. Barlow, J. Caldwell, T.
Cranford, L. Crum, A. D’Amico, G. D’'Spain, A. Fernandez, J. Finneran, R. Gentry, W. Gerth, F.
Gulland, J. Hildebrand, D. Houserp, T. Hullar, P.D. Jepson, D. Ketten, C.D. MacLeod, P. Miller, S.
Moore, D.C. Mountain, D. Palka, P. Ponganis, S. Rommel, T. Rowles, B. Taylor, P. Tyack, D.
Wartzok, R. Gisiner, J. Meads, and L. Benner. 2006. Understanding the impacts of anthropogenic
sound on beaked whales. Journal of Cetacean Research and Management 7(3):177-187.

Cuvertoret-Sanz, M., C. Lopez-Figueroa, A.O. Byrne, A. Canturri, B. Marti-Garcia, E. Pintado, L.
Pérez, L. Ganges, A. Cobos, M.L. Abarca, J.A. Raga, M-F. Van Bressem, and M. Domingo. 2020.
Causes of cetacean stranding and death on the Catalonian coast (western Mediterranean Sea),
2012-2019. Diseases of Aquatic Organisms 142:239-253.

Cyprus Wildlife Research Institute. 2023. Cuvier's Beaked Whale Mass Stranding Event Preliminary
Report. Cyprus Wildlife Research Institute.

D'Amico, A., R.C. Gisiner, D.R. Ketten, J.A. Hammock, C. Johnson, P.L. Tyack, and J. Mead. 2009.
Beaked whale strandings and naval exercises. Aquatic Mammals 35(4):452-472.

80 | May 2025



Beaked Whale Occurrence, Distribution, and Behavior in the MITT Study Area l_)?

D’Spain, G.L., A. D’Amico, and D.M. Fromm. 2006. Properties of the underwater sound fields during
some well documented beaked whale mass stranding events. Journal of Cetacean Research and
Management 7(3):223—-238.

Dalebout, M.L., C.S. Baker, D. Steel, K. Thompson, K.M. Robertson, S.J. Chivers, W.F. Perrin, M.
Goonatilake, R.C. Anderson, J.G. Mead, and C.W. Potter. 2014. Resurrection of Mesoplodon
hotaula Deraniyagala 1963: A new species of beaked whale in the tropical Indo Pacific. Marine
Mammal Science 30(3):1081-1108.

Deakos, M.H., R.K. Uyeyama, M.W. Richie, M.F. Richlen, and J.M. Aschettino. 2016. Guam Marine
Species Monitoring Survey, Shore Station Study, May 2013 and March 2015. Final Field Report.
Prepared for Commander, U.S. Pacific Fleet, Environmental Readiness Division, Pearl Harbor,
Hawaii. Submitted to Naval Facilities Engineering Command (NAVFAC) Pacific, EV2 Environmental
Planning, Pearl Harbor, Hawaii under Contract No. N62470-10-D-3011, Task Order KB26 issued to
HDR, Inc., Honolulu, Hawaii. January 2016.

DeRuiter, S.L., B.L. Southall, J. Calambokidis, W.M.X. Zimmer, D. Sadykova, E.A. Falcone, A.S.
Friedlaender, J.E. Joseph, D. Moretti, G.S. Schorr, L. Thomas, and P.L. Tyack. 2013. First direct
measurements of behavioural responses by Cuvier's beaked whales to mid-frequency active sonar.
Biology Letters 9(4):20130223.

Dolman, S.J., P.G. Evans, G. Notarbartolo-di-Sciara, and H. Frisch. 2011. Active sonar, beaked
whales and European regional policy. Marine Pollution Bulletin 63(1-4):27-34.

Dolman, S.J., C.R. Weir, and M. Jasny. 2009. Comparative review of marine mammal guidance
implemented during naval exercises. Marine Pollution Bulletin 58(4):465-477.

DON (Department of the Navy). 2007. Marine Mammal and Sea Turtle Survey and Density
Estimates for Guam and the Commonwealth of the Northern Mariana Islands. Final Report.
Prepared for Naval Facilities Engineering Command Pacific, Commander, U.S. Pacific Fleet.
Prepared by SRS-Parsons Joint Venture, Newport Beach, California; Geo-Marine, Inc., Plano,
Texas; and Bio-Waves, Inc., Encinitas, California. August 2007. Contract No. N68711-02-D8043;
Task Order No. 0036. August 2007.

DON (Department of the Navy). 2014. Marine Mammal Marine Survey Report in Support of the
Commonwealth of the Northern Mariana Islands Joint Military Training Environmental Impact
Statement/Overseas Environmental Impact Statement. Pearl Harbor, Hawaii: Naval Facilities
Engineering Command, Pacific. April 2014.

DON (Department of the Navy). 2020. Mariana Islands Training and Testing Activities Final
Supplemental Environmental Impact Statement/Overseas Environmental Impact Statement. Naval
Facilities Engineering Command, Pacific/EV21. Pearl Harbor, Hawaii. June 2020.

DON (Department of the Navy). 2023. 2022 U.S. Navy Annual Marine Species Monitoring Report for
the Pacific: A Multi-Range-Complex Monitoring Report for Hawaii-Southern California Training and
Testing (HSTT), Mariana Islands Training and Testing (MITT), Northwest Training and Testing
(NWTT), and the Gulf of Alaska Temporary Maritime Activities Area (GOA TMAA). Prepared by the
Department of the Navy. Prepared for and submitted to National Marine Fisheries Service, Silver
Spring, Maryland. April 2023.

May 2025 | 81



Beaked Whale Occurrence, Distribution, and Behavior in the MITT Study Area l_)?

DON (Department of the Navy). In Preparation. U.S. Navy Marine Species Density Database Phase
IV for the Mariana Islands Training and Testing Study Area. Technical Report. U.S. Pacific Fleet
Environmental Readiness Division, Pearl Harbor, Hawaii.

Evans, D., G.R. England, C. Lautenbacher, S. Morrissey, and W. Hogarth. 2001. Joint Interim
Report Bahamas Marine Mammal Stranding Event of 15-16 March 2000. U.S. Department of
Commerce, U.S. Secretary of the Navy.

Faerber, M.M., and R.W. Baird. 2010. Does a lack of observed beaked whale strandings in military
exercise areas mean no impacts have occurred? A comparison of stranding and detection
probabilities in the Canary and main Hawaiian Islands. Marine Mammal Science 26(3):602—613.

Falcone, E.A., G.S. Schorr, S.L. Watwood, S.L. DeRuiter, A.N. Zerbini, R.D. Andrews, R.P.
Morrissey, and D.J. Moretti. 2017. Diving behaviour of Cuvier's beaked whales exposed to two types
of military sonar. Royal Society Open Science 4:1-21.

Felipe-Jiménez, I., A. Fernandez, Y. Bernaldo de Quirés, M. Arregui-Gil, R. Puig-Lozano, M. Arbelo,
and E. Sierra. 2023. Cerebral nasitremiasis in a Blainville's beaked whale (Mesoplodon densirostris)
stranded in the Canary Islands. Research in Veterinary Science 158:56—64.

Fernandez, A., J.F. Edwards, F. Rodriguez, A. Espinosa De Los Monteros, P. Herraez, P. Castro,
J.R. Jaber, V. Martin, and M. Arbelo. 2005. “Gas and fat embolic syndrome" involving a mass
stranding of beaked whales (Family Ziphiidae) exposed to anthropogenic sonar signals. Veterinary
Pathology 42:446-457.

Fernandez, A.J., E. Sierra, V. Martin, M. Méndez, S. Sacchinni, Y. Bernaldo de Quirds, M. Andrada,
M. Rivero, O. Quesada, M. Tejedor, and M. Arbelo. 2012. Last “atypical” beaked whales mass
stranding in the Canary Islands (July 2004). Journal of Marine Science Research and Development
2(2):1000107.

Filadelfo, R., J. Mintz, and A. llachinski. 2024. Sonar Use and Whale Strandings in the Mariana
Islands: Unclassified version of CNA memo DME-2020-C-027218-Final. CNA Unclassified Report
DME-2024-U-038145-Final. CNA, Arlington, Virginia. April 2024.

Filadelfo, R., J. Mintz, E. Michlovich, A. D’Amico, P.L. Tyack, and D.R. Ketten. 2009. Correlating
military sonar use with beaked whale mass strandings: What do the historical data show? Aquatic
Mammals 35(4):435—444.

Frantzis, A. 1998. Does acoustic testing strand whales? Nature 392(6671):29.

Fulling, G.L., P.H. Thorson, and J. Rivers. 2011. Distribution and abundance estimates for
cetaceans in the waters off Guam and the Commonwealth of the Northern Mariana Islands. Pacific
Science 65(3):321-343.

Gimenez, O., A. Royle, M. Kéry, and C.R. Nater. 2025. Ten quick tips to get you started with
Bayesian statistics. PLoS Computational Biol 21(4):e1012898.

HDR. 2011. Guam Marine Species Monitoring Survey: Vessel Based Monitoring Surveys Winter
2011. Prepared for Commander, US Pacific Fleet, Pearl Harbor, Hawaii. Submitted to Naval
Facilities Engineering Command Pacific under Contract #N62470-10-D-3011 Task Order KBOS.
December 2011.

HDR. 2012. Guam and Saipan Marine Species Monitoring: Winter-Spring Survey 15-29 March.
Prepared for U.S. Pacific Fleet and submitted to Naval Facilities Engineering Command (NAVFAC)

82 | May 2025



Beaked Whale Occurrence, Distribution, and Behavior in the MITT Study Area l_)?

Pacific, Pearl Harbor, Hawaii, under Contract No. N62470-10-D-3011 Task Order 17, issued to HDR,
Inc. November 2012.

Henderson, E.E. 2023. Beaked Whale Behavioral Responses to Navy Mid-Frequency Active Sonar,
in The Effects of Noise on Aquatic Life, Popper, A.N., Sisneros, J., Hawkins, A.D., Thomsen, F.
(eds). Springer, Cham. https://doi.org/10.1007/978-3-031-10417-6_62-1.

Henderson, E.E., T.A. Helble, S. Jarvis, and S. Watwood. 2022. Standardized Unclassified
Nomenclature to Describe Navy Sonar Signals. NIWC Pacific Technical Report 6843.

Hill, M.C., A.R. Bendlin, A.C. U, K.M. Yano, A.L. Bradford, A.D. Ligon, and E.M. Oleson. 2017.
Cetacean Monitoring in the Mariana Islands Range Complex, 2016. Prepared for the U.S. Pacific
Fleet Environmental Readiness Office. PIFSC Data Report DR-17-002. February 2017.

Hill, M.C., A.L. Bradford, A.D. Ligon, A.C. U, and E.M. Oleson. 2018. Cetacean Monitoring in the
Mariana Islands Range Complex, 2017. Prepared for the U.S. Pacific Fleet Environmental
Readiness Office. PIFSC Data Report DR-18-002. January 2018.

Hill, M.C., A.L. Bradford, and E.M. Oleson. 2020b. Preliminary Mark-recapture Abundance Estimates
of Humpback Whales on a Breeding Area in the Mariana Archipelago. Pacific Islands Fisheries
Science Center, PIFSC Administrative Report. H-20-07. June 2020.

Hill, M.C., A.D. Ligon, M.H. Deakos, A.C. U, E. Norris, and E. Oleson. 2011. Cetacean Surveys of
Guam and CNMI Waters: August— September 2011. National Marine Fisheries Service, Pacific
Islands Fisheries Science Center, Honolulu, Hawaii. April 2011.

Hill, M.C., A.D. Ligon, M.H. Deakos, A.C. U, and E.M. Oleson. 2013. Cetacean Surveys of Guam
and CNMI Waters: June — July 2013. Prepared for the U.S. Pacific Fleet Environmental Readiness
Office. PIFSC Data Report DR-13-019. February 2013.

Hill, M.C., A.D. Ligon, M.H. Deakos, A.C. U, A. Milette-Winfree, A.R. Bendlin, and E.M. Oleson.
2014. Cetacean Surveys in the Waters of the Southern Mariana Archipelago (February 2010 — April
2014). Prepared for the U.S. Pacific Fleet Environmental Readiness Office. PIFSC Data Report.
September 2014.

Hill, M.C., A.D. Ligon, E.M. Oleson, K.K. Martien, P.A. Morin, F.l. Archer, S. Baumann-Pickering,
A.R. Bendlin, L. Dolar, K.P.B. Merkens, A. Milette-Winfree, A. Rice, K. M. Robertson, J.S. Trickey,
A.C. U., AM. Van Cise, and S.M. Woodman. 2015. Cetacean Monitoring in the Mariana Islands
Range Complex, 2014. Prepared for the U.S. Pacific Fleet Environmental Readiness Office. PIFSC
Data Report DR-15-003. March 2015.

Hill, M.C., A.D. Ligon, A.C. U, and E.M. Oleson. 2019b. Cetacean Monitoring in the Mariana Islands
Range Complex, August—September 2018. Prepared for the U.S. Pacific Fleet Environmental
Readiness Office. PIFSC Data Report DR-19-010. March 2019.

Hill, M.C., E.M. Oleson, S. Baumann-Pickering, A.M. VanCise, A.D. Ligon, A.R. Bendlin, A.C. U, J.S.
Trickey, and A.L. Bradford. 2016. Cetacean Monitoring in the Mariana Islands Range Complex,
2015. Prepared for the U.S. Pacific Fleet Environmental Readiness Office. PIFSC Data Report DR-
16-01. January 2016.

Hill, M.C., E.M. Oleson, A.L. Bradford, K.K. Martien, D. Steel, and S. Baker. 2019a. Pacific Islands
Fisheries Science Center Mariana Archipelago Cetacean Surveys: A Review of Available Data and

May 2025 | 83



Beaked Whale Occurrence, Distribution, and Behavior in the MITT Study Area l_)?

Analyses through February 2018. U.S. Dept. of Commerce, NOAA Technical Memorandum NOAA-
TM-NMFS-PIFSC-108. March 2019.

Hill, M.C., E.M. Oleson, A.L. Bradford, K.K. Martien, D. Steel, and S. Baker. 2020a. Assessing
cetacean populations in the Mariana Archipelago: A Summary of Data and Analyses Arising from
Pacific Islands Fisheries Science Center surveys from 2010 to 2019. U.S. Dept. of Commerce,
NOAA Technical Memorandum NOAA-TM-NMFS-PIFSC-108. September 2020.

Jarvis, S. 2012. A Novel Method for Multiclass Classification using Support Vector Machines. Ph.D.
Dissertation, University of Massachusetts Dartmouth, Dartmouth, Massachusetts.

Jarvis, S., N. DiMarzio, R. Morrissey, and D. Moretti. 2008. A novel multi-class support vector
machine classifier for automated classification of beaked whales and other small odontocetes.
Canadian Acoustics 36(1):34—40.

Jepson, P.D., M. Arbelo, R. Deaville, |.A.R. Patterson, P. Castro, J.R. Baker, E. Degollada, H.M.
Ross, P. Herrdez, A.M. Pocknell, F. Rodriguez, F.E. Howie, A. Espinosa, R.J. Reid, J.R. Jaber, V.
Martin, A.A. Cunningham, and A. Fernandez. 2003. Gas-bubble lesions in stranded cetaceans: Was
sonar responsible for a spate of whale deaths after an Atlantic military exercise? Nature 425:575—
576.

Joyce, T.W., J.W. Durban, D.E. Claridge, C.A. Dunn, L.S. Hickmott, H. Fearnbach, K. Dolan, and D.
Moretti. 2019. Behavioral responses of satellite tracked Blainville's beaked whales (Mesoplodon
densirostris) to mid-frequency active sonar. Marine Mammal Science 36(1):129—-46.

Klinck, H., S.L. Nieukirk, S. Fregosi, K. Klinck, D.K. Mellinger, S. Lastuka, G.B. Shilling, and J.C.
Luby. 2015. Cetacean Studies on the Mariana Islands Range Complex in September-November
2014: Passive Acoustic Monitoring of Marine Mammals Using Gliders. Preliminary Report. Prepared
for Commander, U.S. Pacific Fleet. Submitted to Naval Facilities Engineering Command (NAVFAC)
Pacific, Pearl Harbor, Hawaii under Contract No. N62470-10-D-3011, Task Order KB25, issued to
HDR Inc., Honolulu, Hawaii. Prepared by Oregon State University, Newport, Oregon and the Applied
Physics Laboratory of the University of Washington, Seattle, Washington. August 2015.

Klinck, H., S.L. Nieukirk, S. Fregosi, K. Klinck, D.K. Mellinger, S. Lastuka, G.B. Shilling, and J.C.
Luby. 2016. Cetacean Studies in the Mariana Islands Range Complex in March-April 2015: Passive
Acoustic Monitoring of Marine Mammals Using Gliders. Final Report. Prepared for Commander, U.S.
Pacific Fleet, Environmental Readiness Division, Pearl Harbor, HI. Submitted to Naval Facilities
Engineering Command (NAVFAC) Pacific, Pearl Harbor, Hawaii under Contract No. N62470-10-D-
3011, Task Order KB23, issued to HDR Inc., Honolulu, Hawaii. March 2016.

Klinck, H., D. Winiarski, R.C. Mack, C.T. Tessaglia-Hymes, D.W. Ponirakis, P.J. Dugan, C. Jones,
and H. Matsumoto. 2020. The ROCKHOPPER: a compact and extensible marine autonomous
passive acoustic recording system. Global Oceans 2020: Singapore—US Gulf Coast 1-7. IEEE.

Klinck, H., T. Yack, I. Tolkova, D.P. Salisbury, and D. Harris. 2024. Passive Acoustic Monitoring in
the Mariana Islands. Preliminary Report. Prepared for Commander, U.S. Pacific Fleet. Submitted to
Naval Facilities Engineering Command Pacific, Pearl Harbor, Hawaii under Contract No. N62470-20-
D-0016, Task Order No. 21F0194 issued to HDR Inc., Honolulu, Hawaii. April 2024.

Kraft, S., F. Rodriguez, C. Olavarria, E. Poulin, and M. José Pérez-Alvarez. 2023. Genetic analysis
as a tool to improve the monitoring of stranded cetaceans in Chile. Biology12(5):748.

84 | May 2025



Beaked Whale Occurrence, Distribution, and Behavior in the MITT Study Area l_)?

Kuam News. 2015. Sonar was being tested when whales were beached. Kuam News, 27 March.
See https://www.kuam.com/story/28628542/sonar-wasbeing-tested-when-whales-were-beached.

Kuam News. 2019. Whale washes up on Guam'’s shores twice before it dies. Kuam News, 18
January. See http://www.kuam.com/story/39812658/2019/ 01/Friday/whale-washes-upon-guams-
shores-twicebefore-it-dies.

MacLeod, C.D., W.F. Perrin, R. Pitman, J. Barlow, L. Ballance, A.N. D Amico, T. Gerrodette, G.
Joyce, K.D. Mullin, D.L. Palka, and G.T. Waring. 2006. Known and inferred distributions of beaked
whale species (Cetacea: Ziphiidae). Journal of Cetacean Research and Management 7(3):271-286.

Madsen, P.T., N.A. de Soto, P. Arranz, and M. Johnson. 2013. Echolocation in Blainville’'s beaked
whales (Mesoplodon densirostris). Journal of Comparative Physiology A 199:451-4609.

Manzano-Roth, R., E.E. Henderson, G.C. Alongi, C.R. Martin, S.W. Martin, and B. Matsuyama.
2023. Dive characteristics of Cross Seamount beaked whales from long-term passive acoustic
monitoring at the Pacific Missile Range Facility, Kaua‘i. Marine Mammal Science 39(1):22—41.

Manzano-Roth, R., E.E. Henderson, S.W. Martin, C. Martin, and B.M. Matsuyama. 2016. Impacts of
U.S. Navy training events on Blainville's beaked whale (Mesoplodon densirostris) foraging dives in
Hawaiian waters. Aquatic Mammals 42:507-518.

Martin, V., A. Servidio, and S. Garcia. 2004. Mass strandings of beaked whales in the Canary
Islands. ECS Newsletter 42:33-36.

McCullough, J.L.K., E.E. Henderson, J.S. Trickey, J. Barlow, S. Baumann-Pickering, R. Manzano-
Roth, G. Alongi, S. Martin, S. Fregosi, D.K. Mellinger, H. Klinck, A.R. Szesciorka, E.M. Oleson.
2023. Geographic distribution of the Cross Seamount beaked whale based on acoustic detections.
Marine Mammal Science 40(1):164—-183.

McCullough, J.L., J.L. Wren, E.M. Oleson, A.N. Allen, Z.A. Siders, and E.S. Norris. 2021. An
acoustic survey of beaked whales and Kogia spp. in the Mariana Archipelago using drifting
recorders. Frontiers in Marine Science 8:664292.

McGaughey, D., J.K. Stamplecoskie, M. Korenberg, and J.A. Theriault. 2021. Compression of
Cuvier's beaked whale (Ziphius cavirostris) vocalizations using fast orthogonal search. Applied
Acoustics 71(8):683—689.

Miller, P.J.O., S. Isojunno, E. Siegal, F-P. A. Lam, P.H. Kvadsheim, C. Curé. 2022. Behavioral
responses to predatory sounds predict sensitivity of cetaceans to anthropogenic noise within a
soundscape of fear. Proceedings of the National Academy of Sciences 119:2114932119.

Mobley, J.R. 2007. Marine Mammal Monitoring Surveys in Support of “Valiant Shield” Training
Exercises (Aug. 13-17, 2007). Prepared for Commander, US Pacific Fleet, Pearl Harbor, HI.
Submitted to Naval Facilities Engineering Command Pacific, Pearl Harbor, HI, under contract
N62742-07-P-1903. September 2007.

Morell, M., A. Brownlow, B. McGovern, S.A. Raverty, R.E. Shadwick, and M. André. 2017.
Implementation of a method to visualize noise-induced hearing loss in mass stranded cetaceans.
Scientific Reports 7(1):41848.

Munger, L., and M. Lammers. 2020. Humpback whale song occurrence in Ecological Acoustic
Recorder (EAR) data from Pagan and Maug (Northern Mariana Islands), 2009—2010. Prepared for

May 2025 | 85



Beaked Whale Occurrence, Distribution, and Behavior in the MITT Study Area l_)?

the U.S. Pacific Fleet Environmental Readiness Office, Pearl Harbor, Hawaii by Oceanwide Science
Institute, Honolulu, Hawaii. January 2020.

Munger, L.M., M.O. Lammers, J.N. Oswald, T.M. Yack, and W.W.L. Au. 2015. Passive Acoustic
Monitoring of Cetaceans within the Mariana Islands Range Complex (MIRC) Using Ecological
Acoustic Recorders (EARSs). Final Report. Prepared for Commander, U.S. Pacific Fleet,
Environmental Readiness Division, Pearl Harbor, HI. Submitted to Naval Facilities Engineering
Command Pacific, EV2 Environmental Planning, Pearl Harbor, HI under Contract No. N62470- 10-D-
3011 Task Orders KB14 and KB22 issued to HDR Inc., Honolulu, HI. September 2015.

National Marine Fisheries Service (NMFS). 2012. Letter of Authorization to Take Marine Mammals
Incidental to Navy Exercises Conducted in the Mariana Islands Range Complex. Valid for 12 August
2012 through 3 August 2015.

North Atlantic Military Committee. 2018. Code of Conduct for the Use of Active Sonar to Ensure the
Protection of Marine Life within the Framework of Alliance Maritime Activities. Report MC 0547/2, p
8.

Norman, S.A., C.E. Bowlby, M.S. Brancato, J. Calambokidis, D. Duffield, P.J. Gearin, T.A. Gornall,
M.E. Gosho, B. Hanson, J. Hodder, S.J. Jeffries, B. Lagerquist, D.M. Lambourn, B. Mate, B.
Norberg, R.W. Osborne, J.A. Rash, S. Riemer, and J. Scordino. 2004. Cetacean strandings in
Oregon and Washington between 1930 and 2002. Journal of Cetacean Research and Management
6(1):87-100.

Norris, T.F., J. Oswald, T. Yack, E. Ferguson, C. Hom-Weaver, K. Dunleavy, S. Coates, and T.
Dominello. 2014. An Analysis of Acoustic Data from the Mariana Islands Sea Turtle and Cetacean
Survey (MISTCS). Prepared for Commander, Pacific Fleet, Pearl Harbor, HI. Submitted to Naval
Facilities Engineering Command Pacific (NAVFAC), EV2 Environmental Planning, Pearl Harbor, HI,
96860-3134, under Contract No. N62470-10D-3011 CTO KBO08, Task Order #002 issued to HDR,
Inc. Submitted by Bio-Waves Inc., Encinitas, CA 92024. March 2012. Revised March 2014.

Oleson, E.M., S. Baumann-Pickering, A. Sirovi¢, K.P. Merkens, L.M. Munger, J.S. Trickey, and P.
Fisher-Pool. 2015. Analysis of Long-term Acoustic Datasets for Baleen Whales and Beaked Whales
within the Mariana Islands Range Complex (MIRC) for 2010 to 2013 (Pacific Islands Fisheries
Science Center Data Report DR-15-002). Honolulu, HI: Pacific Islands Fisheries Science Center.
February 2015.

Oleson, E.M., and M.C. Hill. 2010. 2010 Report to PACFLT: Report of Cetacean Surveys in Guam,
CNMI, and the High-seas. NOAA-NMFS- Pacific Islands Fisheries Science Center.

Pacific Daily News. 2016. GFD, Agriculture save whale from reef. Pacific Daily News, 10 March. See
http://www.guampdn.com/story/news/2016/03/10/ rare-beaked-whale-rescued-agat-reef/81619612/.

Pradip Na Thalang, P., S. Thongratsakul, and C. Poolkhet. 2023. Spatial, temporal, and
geographical factors associated with stranded marine endangered species in Thailand during 2006—
2015. Biology 12(3):448.

Padula, A.D., R. Machado, L. Milmann, M.C. de Leédn, J.C.M. Gana, J.C. Wickert, M.E. Arganaraz,
R.O. Bastida, D.H. Rodriguez, and P.E. Denuncio. 2023. Marine debris ingestion by odontocete
species from the Southwest Atlantic Ocean: Absence also matter. Marine Pollution Bulletin
186:114486.

86 | May 2025



Beaked Whale Occurrence, Distribution, and Behavior in the MITT Study Area l_)?

Pennino, M.G., M.C. Rufener, J. Giménez, F. Berlinguer, E. Bollo, S. Appino, D, Zucca, G. Chessa,
and A. Rotta. 2022. Understanding the causes of mortality and contaminant loads of stranded
cetacean species in Sardinian waters (ltaly) using Bayesian Hierarchical Models. Journal of Sea
Research 181:102170.

Peruffo, A., I. Bassan, L. Corain, C. Otero-Sabio, M. Giacomello, and C. Centelleghe. 2023.
Establishment and characterization of the first Cuvier's beaked whale (Ziphius cavirostris) in vitro
model based on the muscle-derived cell line. Research Square. https://doi:10.21203/rs.3.rs-
2506043/v1.

Pirotta, E., R. Milor, N. Quick, D. Moretti, N. Di Marzio, P. Tyack, I. Boyd, and G. Hastie. 2012.
Vessel noise affects beaked whale behavior: results of a dedicated acoustic response study. PLoS
ONE 7(8):e42535. https://doi.org/10.1371/journal.pone.0042535.

Podesta, M., A. Azzellino, A. Cafadas, A. Frantzis, A. Moulins, M. Rosso, P. Tepsich, and C.
Lanfredi. 2016. Cuvier's beaked whale, Ziphius cavirostris, distribution and occurrence in the
Mediterranean Sea: high-use areas and conservation threats. Advances in Marine Biology 75:103—
140.

Podesta, M., A. D’Amico, G. Pavan, A. Drougas, A. Komnenou, and N. Portunato. 2006. A review of
Cuvier's beaked whale strandings in the Mediterranean Sea. Journal of Cetacean Research and
Management 7(3):251-261.

Romani-Cremaschi, U., S. Zoppi, V. Mattioda, T. Audino, L. Marsili, K. Varello, B. Lulini, C. Marra, R.
Zoccola, R. Battistini, A. Dondo, F. Garibaldi, E. Berio, A. Pautasso, M. Rosso, D. Ascheri, C.
Casalone, C. Grattarola, and F. Giorda. 2023. Morganella morganii septicemia and concurrent renal
crassicaudiasis in a Cuvier's beaked whale (Ziphius cavirostris) stranded in Italy. Frontiers in Marine
Science 9:1058724.

Rosso, M., M. Lin, F. Caruso, M. Liu, L. Dong, A. Borroni, W. Lin, X. Tang, A. Bocconcelli, and S. Li.
2021. First live sighting of Deraniyagala's beaked whale (Mesoplodon hotaula) or ginkgo-toothed
beaked whale (Mesoplodon ginkgodens) in the western Pacific (South China Sea) with preliminary
data on coloration, natural markings, and surfacing patterns. Integrative Zoology 16(4):451-461.

Simmonds, M.P., and L.F. Lopez-Jurado. 1991. Whales and the military. Nature 351:448.

Simonis, A.E., R.L. Brownell, B.J. Thayre, J.S. Trickey, E.M. Oleson, R. Huntington, and S.
Baumann-Pickering. 2020. Co-occurrence of beaked whale strandings and naval sonar in the
Mariana Islands, Western Pacific. Proceedings of the Royal Society 287(1921):20200070.

Southall, B.L., T. Rowles, F. Gulland, R.W. Baird, and P.D. Jepson. 2013. Final report of the
Independent Scientific Review Panel investigating potential contributing factors to a 2008 mass
stranding of melon-headed whales (Peponocephala electra) in Antsohihy, Madagascar.

Thompson, K.F., K.A. Miller, J. Wacker, S. Derville, C. Laing, D. Santillo, and P. Johnston. 2023.
Urgent assessment needed to evaluate potential impacts on cetaceans from deep seabed
mining. Frontiers in Marine Science 10:1095930.

Tonay, A.M., I.A. Danyer, i. Taskaya, E. Danyer, N. Oznur, A. Dede, A. Glilgubuk, G.Y. Oztiirk, S.
Haclioglu, T. Canakci, and A.A. Oztlrk. 2024. Preliminary findings on Cuvier’'s beaked whale mass
stranding in Northern Cyprus. Journal of the Black Sea/Mediterranean Environment 30(1):1-19.

May 2025 | 87



Beaked Whale Occurrence, Distribution, and Behavior in the MITT Study Area l_)?

Trickey, J.S., G. Cardenas-Hinojosa, L. Rojas-Bracho, G.S. Schorr, B.K. Rone, E. Hidalgo-Pla, A.
Rice, and S. Baumann-Pickering. Ultrasonic antifouling devices negatively impact Cuvier’'s beaked
whales near Guadalupe Island, México. Communications Biology 5(1):1005.

Tyack, P.L., W.M.X. Zimmer, D. Moretti, B.L. Southall, D.E. Claridge, J.W. Durban, C.W. Clark, A.
D'Amico, N. DiMarzio, S. Jarvis, E. McCarthy, R. Morrissey, J. Ward, and |.L. Boyd. 2011. Beaked
whales respond to simulated and actual navy sonar. PLoS ONE 6(3):e17009.

West, K.L., C. Clifton, N. Hoffman, C. Humann, and |. Silva-Krott. 2022a. Hawaii and Mariana
Islands Stranding Analyses. Prepared for Commander, U.S. Pacific Fleet, Pearl Harbor, Hawaii by
Hawai'i Institute of Marine Biology, University of Hawai‘i at Manoa, Kaneohe, Hawai‘i and Human
Nutrition Food and Animal Sciences, College of Tropical Agriculture and Human Resources,
University of Hawai‘i at Manoa, Honolulu, Hawai'‘i. April 2022.

West, K.L., C. Clifton, C. Humann, N. Hoffman, K. Jacobson, and I. Silva-Krott. 2022b. Diseases of
Stranded Pacific Island Marine Mammals. Prepared for Naval Sea Systems Command,
Headquarters by Hawai'i Institute of Marine Biology, University of Hawai‘i at Manoa, Kaneohe,
Hawai‘i and Human Nutrition Food and Animal Sciences, College of Tropical Agriculture and Human
Resources, University of Hawai‘i at Manoa, Honolulu, Hawai‘i. March 2022.

West, K.L., C. Humann, and I. Silva-Krott. 2023a. Hawaii and Mariana Islands Stranding Analyses.
Prepared for Commander, U.S. Pacific Fleet, Pearl Harbor, Hawai‘i, by Hawai'‘i Institute of Marine
Biology, University of Hawai‘i at Manoa, Kaneohe, Hawai‘i, and Human Nutrition Food and Animal
Sciences, College of Tropical Agriculture and Human Resources, University of Hawai‘i at Manoa,
Honolulu, Hawai‘i. June 2023.

West, K.L., J. Phipps, N. Hoffman, and I. Silva-Krott. 2022¢c. Comprehensive Stranding
Investigations for High Priority Species. Prepared for Commander, U.S. Pacific Fleet, Pearl Harbor,
Hawaii by Hawai‘i Institute of Marine Biology, University of Hawai‘i at Manoa, Kaneohe, Hawai‘i and
Human Nutrition Food and Animal Sciences, College of Tropical Agriculture and Human Resources,
University of Hawai‘i at Manoa, Honolulu, Hawai‘i. March 2022.

West, K.L., J. Phipps, N. Hoffman, and I. Silva-Krott. 2023b. Comprehensive Stranding
Investigations for High Priority Species. Prepared for Commander, U.S. Pacific Fleet, Pearl Harbor,
Hawai‘i, by Hawai'i Institute of Marine Biology, University of Hawai‘i at Manoa, Kaneohe, Hawai,
and Human Nutrition Food and Animal Sciences, College of Tropical Agriculture and Human
Resources, University of Hawai‘i at Manoa, Honolulu, Hawai‘i. April 2023.

West, K.L, I. Silva-Krott, D. Rotstein, and G. Levine. 2024a. Causes of mortality and pathologic
findings in Pacific Island cetaceans: A review of strandings from 2006-2022. Marine Species
Monitoring Program Annual Report. United States Navy. August 2024.

West, K.L., R.L. Brownell, Jr., C.W. Clifton, N. Hoffman, and I. Silva-Krott. 2024b. Beaked whale
stranding events on Pacific Islands (1950-2023): What do they tell us? Report to the U.S. Pacific
Fleet by HDR, under Federal contract number N6274220F0104, HDR agreement number
1000300001654. March 2024.

West K.L., W.A. Walker, R.W. Baird, J.G. Mead, and P.W. Collins. 2017. Diet of Cuvier's beaked
whales from the North Pacific and a comparison with their diet world-wide. Marine Ecology Progress
Series 574:227-242.

88 | May 2025



Beaked Whale Occurrence, Distribution, and Behavior in the MITT Study Area l_)?

Yano, K.M., M.C. Hill, E.M. Oleson, J.L.K. McCullough, and A.E. Henry. 2022. Cetacean and
Seabird Data Collected during the Mariana Archipelago Cetacean Survey (MACS), May—July 2021.
U.S. Department of Commerce, National Oceanic and Atmospheric Administration Technical
Memorandum NOAA-TM-NMFS-PIFSC-128. June 2022.

Ziegenhorn, M.A., J.A. Hildebrand, E.M. Oleson, R.W. Baird, and S. Baumann-Pickering. 2023.
Odontocete detections are linked to oceanographic conditions in the Hawaiian Archipelago.
Communications Earth and Environment 4:423.

Zimmer, W.M.X., M.P. Johnson, P.T. Madsen, and P.L. Tyack. 2005. Echolocation clicks of free-
ranging Cuvier’s beaked whales (Ziphius cavirostris). The Journal of the Acoustical Society of
America 117:3919-3927.

May 2025 | 89



Beaked Whale Occurrence, Distribution, and Behavior in the MITT Study Area l_)2

16  List of Preparers

This report was prepared collaboratively between the U.S. Department of the Navy (Navy) and
contractors.

Kristen Ampela (HDR Inc.), Senior Marine Biologist
Ph.D., Ecology, Evolutionary Biology, and Behavior
B.A., Psychology

Years of experience: 26

Cathy E. Bacon (HDR Inc.), Marine Biologist
M.Sc., Marine Resources Management
B.S., Biology

Years of experience: 19

Benjamin M. Bartley (NUWC), GIS Analyst
M.Sc., Remote Sensing & Spatial Analysis
B.S., Fisheries Science & Management

Years of experience: 14

Brian Branstetter (NAVFAC PAC), Marine Resources Management Specialist
Ph.D., Human and Animal Cognition
B.S., Cognitive Sciences

Years of experience: 25+

Jessica Chen (NAVFAC PAC), Biologist
Ph.D., Zoology/Marine Biology
M.Sc., Zoology
B.A., Behavioral Biology

Years of experience: 14

Mark Deakos (HDR Inc.), Marine Scientist
Ph.D., Ethology

90 | May 2025



Beaked Whale Occurrence, Distribution, and Behavior in the MITT Study Area l_)2

M.Sc., Ethology
B.S., Biology

Years of experience: 30

E. Elizabeth Henderson (NIWC), Bioacoustic Researcher
Ph.D., Biological Oceanography
M.Sc., Wildlife and Fisheries Biology
B.A., Psychobiology

Years of experience: 26
Julie A. Rivers (COMPACFLT), Biologist/Environmental Compliance Specialist

B.S., Biology

Years of experience: 30+

May 2025 | 91



Beaked Whale Occurrence, Distribution, and Behavior in the MITT Study Area F)?

Appendix A. Beaked Whale Risk
Factors in the MITT
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Figure A-1. MITT Beaked Whale Stranding Cold Season Surface Ducting Risk Factors

Notes: Bathymetry obtained from 2020 General Bathymetric Chart of the Oceans (GEBCO). Surface ducting
information obtained from 2016 Hybrid Coordinate Ocean Model (HYCOM). The North/South line on the map is
derived from Badger et al. (2024) density estimates. ManTech created the GIS density data from a hierarchy of
multiple sources, primarily from NMFS.
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Figure A-2. MITT Beaked Whale Stranding Warm Season Surface Ducting Risk Factors

Notes: Bathymetry obtained from 2020 General Bathymetric Chart of the Oceans (GEBCO). Surface ducting
information obtained from 2016 Hybrid Coordinate Ocean Model (HYCOM). The North/South line on the map is
derived from Badger et al. (2024) density estimates. ManTech created the GIS density data from a hierarchy of
multiple sources, primarily from NMFS.
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Figure A-3. MITT Beaked Whale Stranding Bathymetry, not Seasonal, Risk Factors

Notes: Bathymetry obtained from 2020 General Bathymetric Chart of the Oceans (GEBCO). Surface ducting
information obtained from 2016 Hybrid Coordinate Ocean Model (HYCOM). The North/South line on the map is
derived from Badger et al. (2024) density estimates. ManTech created the GIS density data from a hierarchy of
multiple sources, primarily from NMFS.
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