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Abstract 
From July 14 - 25, 2023 (Kodiak, Alaska, to Dutch Harbor, Alaska), NOAA Ocean Exploration 

conducted the Seascape Alaska 3: Aleutians Remotely Operated Vehicle Exploration and 

Mapping expedition (EX2304). This remotely operated vehicle (ROV) and acoustic mapping  

exploration expedition offshore of the Aleutian Island Chain included the completion of 8 ROV 

dives (two were aborted before reaching the seafloor), which were conducted in seafloor 

depths ranging from 533 m to 2,807 m for approximately 22.5 hours of bottom time and 

resulted in the collection of 95 samples. EX2304 also mapped 16,475 sq. km of seafloor (16,433 

sq. km within the U.S. Exclusive Economic Zone). All data associated with this expedition have 

been archived and are publicly available through the NOAA archives. 

Region of Operation: Aleutian Islands Continental Shelf 
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1. Introduction 
NOAA Ocean Exploration is dedicated to exploring the unknown ocean, unlocking its potential 

through scientific discovery, technological advancements, and data delivery. By working closely 

with partners across public, private, and academic sectors, we are filling gaps in our basic 

understanding of the marine environment. This allows us, collectively, to protect ocean health, 

sustainably manage our marine resources, accelerate our national economy, better understand 

our changing environment, and enhance appreciation of the importance of the ocean in our 

everyday lives. 

With priority placed on exploration of deep waters and the waters of the U.S. Exclusive 

Economic Zone (EEZ), NOAA Ocean Exploration applies the latest tools and technologies to 

explore previously unknown areas of the ocean, making discoveries of scientific, economic, and 

cultural value. By making collected data publicly available in increasingly innovative and 

accessible ways, we provide a unique and centralized national resource of critical ocean 

information. And, through live exploration video, online resources, training and educational 

opportunities, and public events, we share the excitement of ocean exploration with people 

around the world and inspire and engage the next generation of ocean scientists, engineers, 

and leaders. 

NOAA Ocean Exploration uses NOAA Ship Okeanos Explorer to conduct much of this work. Data 

collected by NOAA Ocean Exploration on NOAA Ship Okeanos Explorer during EX2403 will 

contribute to Seascape Alaska. Seascape Alaska is a multiyear, multipartner cooperative 

research campaign with an aim to create accessible, high-quality modern seabed data for 

Alaskan waters to support U.S. research, resource management, sustainable economic growth, 

and the health and security of Americans. The goal of Seascape Alaska is working to fully map 

the U.S. waters off Alaska through collaborative efforts among federal, tribal, state, and 

nongovernmental partners with a wide range of interests and dependencies on mapping data 

across coastal and ocean waters throughout the U.S. EEZ. 

NOAA Ocean Exploration’s expeditions on Okeanos Explorer contribute to the National 

Strategy for Mapping, Exploring, and Characterizing the United States Exclusive Economic 

Zone and Seabed 2030. 
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2. Expedition Overview 
From July 14 to July 25, 2023, NOAA Ocean Exploration and partners conducted a 

telepresence-enabled ocean exploration expedition on Okeanos Explorer to map, explore, and 

characterize ecologically and economically important deepwater habitats and subduction zone 

environments in unexplored regions off Alaska (EX2304).  

During the 12 days at sea, 8 remotely operated vehicle (ROV) dives were conducted (two were 

aborted before reaching the seafloor)  and 16,475 sq. km of bathymetric data were collected 

(see Figure 1). Section 5 provides details about the expedition schedule and unplanned events. 

A station log detailing the location of each operation conducted is provided as a supplemental 

file to this expedition report. 

The names, roles, and affiliations of science team members are in Appendix A. 

 

Figure 1. Map showing EX2304’s track, ROV dive sites, and bathymetric data collected. Note that 
two of the 8 ROV dives (Dive 03 and 06) were aborted prior to reaching the seafloor. 
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2.1 Rationale for Exploration 

As part of the planning for this expedition, NOAA Ocean Exploration collaborated with the 

ocean science and management communities to assess exploration needs and data gaps in 

unknown and poorly known areas around Alaska. To define the operating area for this 

expedition, we considered the NOAA Ocean Exploration conducted 2022 call for input, results 

from the 2023 Alaska Marine Science Symposium, and known priorities from resource 

managers.  

Alaska’s coastline is longer than that of any other U.S. state or territory and is approximately 

one-third of the entire U.S. coastline. Despite representing the largest distinct region of the U.S. 

Exclusive Economic Zone (EEZ), Alaska’s waters remain one of the least explored areas in the 

United States. According to the “Progress Report on Unmapped U.S. Waters” (IOCM 2023), only 

34% of Alaskan waters had been mapped to modern standards (100 meters) as of January 2023. 

Additionally, many of the deepwater habitats of the Gulf of Alaska, Aleutian Islands, and the 

Aleutian trench remain largely unexplored.  

Mapping and exploring Alaska’s deep waters will provide baseline information needed to 

sustainably manage and protect these areas. Filling data gaps and increasing the understanding 

of this region has far-reaching benefits, including safer navigation and community access, 

hazard mitigation, preservation of marine habitats and heritage, a deeper comprehension of 

natural resources, and fisheries management. 

Data and information from this expedition will inform deep-sea management plans for habitat 

areas of particular concern, marine protected areas, and national marine sanctuaries, support 

local scientists and managers seeking to understand and manage deep-sea resources, and 

stimulate subsequent exploration, research, and management activities. 

This expedition contributed to ongoing collaborations with the NOAA Alaska Fisheries Science 

Center, the Deep Sea Coral Research and Technology Program, the United States Geological 

Survey, Bureau of Ocean Energy Management, Fisheries and Oceans Canada, University of 

Alaska, University of Gothenburg, University of Idaho, Senckenberg Research Institute and 

Natural History Museum, U.S. Environmental Protection Agency, and the Woods Hole 

Oceanographic Institute. 
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2.2 Objectives  

EX2304 addressed scientific themes and priority areas put forward by NOAA scientists and 

partners listed above, as well as the broad ocean science and management communities. The 

primary objective of the expedition was to explore deepwater areas offshore of the Aleutian 

Islands to provide baseline information to support science and management needs. Briefly, this 

expedition sought to:  

●​ Collect high-resolution bathymetry in areas with no or low-quality mapping data. 

●​ Investigate biogeographic patterns of deep-sea ecosystems and connectivity across 

Alaskan waters for use in broader comparisons of deepwater habitats throughout the 

northern Pacific Ocean. 

●​ Map, survey, and sample geological features to better understand the geological context 

of the region. 

●​ Acquire a foundation of ROV, sonar, and oceanographic data to better understand the 

characteristics of the water column and fauna that live there. 

●​ Collect biology, geology, and water samples for environmental DNA (eDNA) analysis as 

dictated by expedition priorities and for public access. 

●​ Identify, map, and explore the diversity and distribution of benthic habitats, including 

fish habitats, deep-sea coral and sponge communities, chemosynthetic communities, 

and biological communities that colonize or aggregate around shipwrecks. 

●​ Explore U.S. maritime heritage by identifying and investigating sonar anomalies as well 

as characterizing shipwrecks with video investigation. 

●​ Engage a broad spectrum of the scientific community and the public in 

telepresence-based exploration. 

●​ Provide a foundation of publicly accessible data and information products to spur 

further exploration, research, and management activities. 

A full list of expedition objectives is in “Project Instructions: EX2304, Seascape Alaska 3: 

Aleutians Remotely Operated Vehicle Exploration and Mapping” (Hoy, 2023).  

3. Methodology 
The primary systems used throughout EX2304 to accomplish objectives were: 

●​ Sonar systems (Kongsberg EM 304 multibeam sonar, Knudsen 3260 sub-bottom profiler, 

Simrad EK60 and EK80 split-beam sonars, and Teledyne acoustic Doppler current 

profilers) to conduct seabed and water column mapping operations, and provide 

situational awareness for ROV operations. 

●​ NOAA Ocean Exploration’s dual-bodied ROV system (ROVs Deep Discoverer and Seirios) 
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to conduct daytime seafloor and water column visual surveys, as well as to collect a 

limited number of samples to help further characterize the deepwater fauna and 

geology of the region. 

●​ A high-bandwidth satellite connection to provide real-time ship-to-shore 

communications (telepresence).  

The following sections further detail the equipment and procedures used by NOAA Ocean 

Exploration during expeditions on Okeanos Explorer. 

3.1 Acoustic Operations 

Acoustic operations included Kongsberg EM 304 multibeam sonar, Simrad EK60 and EK80 

split-beam sonar, Knudsen 3260 sub-bottom profiler, and acoustic Doppler current profiler 

(ADCP) data collection to map the seafloor, sub-seafloor, and water column, as well as to 

provide operational information for ROV dives. Standard survey operations include concurrent 

collection of multibeam, split-beam, and sub-bottom sonar data synchronized using a 

Kongsberg Synchronization Unit (K-Sync) with the EM 304 set as the master. The ADCPs were 

secured during standard surveying operations due to interference with other sonars, but were 

used to collect data when entering and exiting port and during ROV operations. During 

conductivity, temperature, and depth system (CTD) and ROV operations, the EM 304 multibeam 

sonar and Knudsen sub-bottom profiler were secured to allow the ADCPs and split-beam sonars 

to collect data. 

Mapping operations were planned to maximize edge matching of existing data or to fill data 

gaps in areas with incomplete bathymetric coverage. In regions with no existing data, lines were 

optimized for potential discoveries and to complete relatively large continuous areas to support 

interpretation of features from bathymetry and backscatter. Targeted mapping operations were 

conducted adjacent to dive locations. Mapping operations were carried out during overnight 

transits and other intervals between ROV dives.  

More information about general equipment calibration procedures, data collection, processing, 

reporting, and archiving is in the “NOAA Ocean Exploration Deepwater Exploration Mapping 

Procedures Manual” (Hoy et al. 2020). 

3.1.1 Equipment and Data Collection Methods 
Detailed descriptions of mapping equipment, annual calibrations, and capabilities on Okeanos 

Explorer are in the “NOAA Ship Okeanos Explorer Mapping Systems Readiness Report 2023” 

(Candio et al. 2023). Any deviations from the readiness report are noted in the following 

sections. 
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Supplemental files may be added to the readiness report throughout the year if changes to the 

equipment are made, such as mid-season calibrations. Users of mapping data from EX2304 

should refer to the 2023 readiness report to see if any supplemental files report changes that 

may affect their analysis. 

3.1.1.1 Multibeam Sonar 

Okeanos Explorer is equipped with a 26 kHz Kongsberg EM 304 MKII multibeam sonar. The 

multibeam sonar was used to collect seafloor bathymetry, seafloor backscatter, and water 

column backscatter. Bathymetric and seafloor backscatter data are stored in .kmall files as 

beam-averaged backscatter values and as full time-series values (snippets) within each beam. 

Water column backscatter data are stored separately in .kmwcd files. 

Throughout the expedition, mapping watchstanders monitored multibeam data quality in real 

time. Ship speed was adjusted to maintain data quality and sounding density as necessary, and 

line spacing was planned to ensure one-quarter to one-third swath-width overlap between 

lines, depending on the environmental conditions and impact on the quality of the outer swath 

regions. Maximum angles in the Seafloor Information System (SIS) were generally left open 

(75°/75°) during transits to maximize data collection and were adjusted on the port and 

starboard sides to ensure the best data quality and coverage. If outer beams were returning 

obviously spurious soundings (e.g., due to attenuation or low grazing angle), beam angles were 

gradually reduced and monitored closely until a high-quality swath was obtained. 

Real-time surface sound speed values were provided by a Reson SV70 sound velocity probe 

mounted in close proximity to the EM 304 transducer and were monitored in SIS for deviations 

from the values determined by sound speed casts. Sound speed profiles were collected every 

six hours or more frequently as dictated by local oceanographic conditions (typically every two 

hours when operating in more dynamic areas).  

Vessel positioning and attitude was measured by Applanix POS MV V5 and Kongsberg Seapath 

380 positioning systems during data collection. This redundancy allows for either system to be 

the primary source of positioning/attitude for the multibeam data in the event that one of them 

fails. Positioning/attitude data were applied to the multibeam data in real time and were stored 

in .kmall files. The primary system applied in post-processing is noted in the processing logs.  

Additionally, multibeam mapping operations were conducted directly over planned ROV dive 

sites to collect seafloor mapping data to help refine dive plans.  

3.1.1.2 Sub-Bottom Profiler 

Okeanos Explorer is equipped with a Knudsen 3260 sub-bottom profiler with a central frequency 

of 3.5 kHz. This sonar was used to collect echogram images of shallow geological layers 

underneath the seafloor to a maximum depth of approximately 80 m below the seafloor. Phase, 
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range, and gain were monitored and optimized for data collection. New files were created when 

changes were made to pulse lengths and/or power settings.  

3.1.1.3 Split-Beam Sonars 

Okeanos Explorer is equipped with a suite of five Simrad EK60 and EK80 split-beam sonars: 

three general purpose transceivers (GBTs), the 18, 120, and 200 kHz sonars, and two wide-band 

transceivers (WBTs), the 38 and 70 kHz sonars. These quantitative scientific echosounders were 

calibrated to identify the target strength of water column acoustic reflectors (e.g., deep 

scattering layers, fish, gas bubbles from seeps), providing additional information about water 

column characteristics and anomalies.  

Calibrations were performed during EX2305 (following data collection), and these calibration 

values will be most appropriate for the EX2304 dataset. The calibration files are archived with 

the sonar data, and the calibration report is available as a supplemental file to the 2023 

mapping readiness report (Candio et al. 2023).  

The split-beam sonars were used continuously throughout EX2304 during overnight mapping 

operations and daytime ROV operations. EK60 and EK80 data were used during ROV water 

column transects to detect the depth of the deep scattering layers. 

3.1.1.4 Acoustic Doppler Current Profiler 

Okeanos Explorer is equipped with two acoustic Doppler current profilers (ADCPs), a Teledyne 

Workhorse Mariner (300 kHz) and a Teledyne Ocean Surveyor (38 kHz). Depending on 

environmental conditions, the 300 kHz system provides ocean current data to a depth of 

approximately 70 m, and the 38 kHz system provides data to a depth of approximately 1,200 m. 

The ADCPs were used to gather data prior to ROV and CTD deployments to assess currents in 

support of safe operations. 

3.1.2 Data Processing and Quality Assessment Methods 

3.1.2.1 Multibeam Sonar Bathymetry and Seabed Backscatter 

Full-resolution multibeam files (.kmall) were imported into QPS Qimera and then processed and 

cleaned of noise and artifacts. Outlier soundings were removed using multiple methods, 

including automatic filtering and/or manual cleaning with the swath and subset editing tools. 

The default sound speed scheduling method used was “Nearest-in-Time; SVP Crossfade 60 sec.” 

If another method was used, it was noted in the multibeam processing log that is archived with 

the dataset. Gridded digital terrain models were created using the weighted moving average 

algorithm and were exported in multiple formats using QPS Fledermaus. Daily bathymetric 

surfaces were created and sent to shore.  
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Each line of cleaned full-resolution data was exported to a .gsf file (Level-01 data). The 

processed and cleaned files were used to create a static surface in QPS Qimera. This final 

surface was re-projected to the field geographic WGS84 reference frame in QPS Fledermaus and 

saved as an .sd file for archiving. Using QPS Fledermaus, this .sd bathymetric grid file was then 

exported as ASCII .xyz, color .tif, floating point .tif, and Google Earth .kmz files. The .gsf files 

were used to create daily backscatter mosaics using QPS Fledermaus FMGT.  

All products maintain horizontal referencing to WGS84 (G1762) and vertical referencing to the 

assumed mean waterline (based on the waterline measured during the annual shakedown 

expedition). The draft values for Okeanos Explorer used during the expedition are in Table 1 for 

the purpose of further post-processing, if desired by the user. Positioning data files for 

post-processing be requested by sending an email to ex.expeditioncoordinator@noaa.gov. 

Table 1. Okeanos Explorer’s draft at the beginning and end of EX2304. 

Location 
Start of Expedition 

(07/14/2023) 

End of Expedition 

(07/25/2023) 

Forward 16’ 7.5’’ 16’ 0.5’’ 

Aft Starboard 15’ 6’’ 15’ 7’’ 

Aft Port 15’ 9’’ 16’ 1’’ 

 

3.1.2.2 Multibeam Sonar — Water Column 

EM 304 water column files (.kmwcd) were reviewed in QPS FM Midwater or Qimera for 

anomalies (e.g., gas seeps and hydrothermal plumes). EM 304 files (.kmwcd) that include 

observed water column anomalies are flagged in the dataset’s relevant processing logs. 

Locations of observed anomalies are provided in the data package (.shp and .csv files). All 

products maintain horizontal referencing to WGS84 (G1762) and vertical referencing to the 

assumed mean waterline.  

3.1.2.3 Split-Beam Sonars 

No anomalies were observed during this expedition.  

Calibration reports and files are archived with the split-beam data. 

3.1.2.4 Sub-Bottom Profiler 

Using Natural Resources Canada’s SEGYJp2 software, the raw files (.sgy) from the sub-bottom 

profiler were processed for gain to produce the clearest image of sub-bottom layers. The gain 

processed files were converted to jpeg images (.jpg) and shapefile tracklines (.shp). 
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3.1.2.5 Sound Speed  

Raw sound speed profiles collected from expendable bathythermographs (XBTs) were processed 

using HydrOffice Sound Speed Manager and archived as .asvp files. 

3.1.3 Data Collection and Processing Software 
Table 2 provides a list of the data collection and processing software versions used during 

EX2304. 

Table 2. Versions of data collection and processing software used during EX2304.  

Software Purpose Version 

SIS EM 304  5.11.1 

EK80 EK suite 21.15.2 

EchoControl Knudsen 4.09 

UHDAS ADCPs 14.04 

AMVERSEAS Autolaunch XBT 9.3.6 

WinMK21 XBT 3.0.2 

K-Sync Synchronization 1.9.0 

Qimera Bathymetry 2.5.3 

FMGT Backscatter 7.10.3 

FM Midwater Water Column 7.9.4 

Sound Speed Manager Sound Speed Profiles  2021.1.6 

NRCan (SegJp2) Sub-Bottom 1.0 

Fledermaus 7 Visualization/Data Analysis 7.8.12 

 

3.2 ROV Operations 

ROV dive operations supported the expedition objectives in Section 2.2 and included 

high-resolution visual surveys of seafloor and water column habitats as well as geological and 

biological sampling. Each ROV dive was approximately 8-10 hours, conditions and logistics 

permitting. Information about the general process of site selection, collaborative dive planning, 

scientific equipment on the ROVs, and the approach to benthic exploration used on Okeanos 

Explorer can be found in Kennedy et al. (2019) and Quattrini et al. (2015). 

During each benthic dive, the ROVs descended to the seafloor and then moved from waypoint 

to waypoint, documenting the geology and biology of the area. Water column exploration was 

conducted via transects during dedicated water column dives and augmented benthic dives. 

Transects ranged from 20 to 50 minutes, depending on the dive’s objectives, conditions, and 
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seafloor depth. Specific transect depths and times are noted in the dive summaries (which are 

attached to this report as supplemental files).  

During dives, science team members on ship and shore identified each organism observed to 

the lowest taxon possible based on data available during real-time assessment and provided 

geological interpretations of the observed substrate. These observations were recorded using a 

cloud-based, crowd-sourced annotation system developed by Ocean Networks Canada called 

SeaTube. They will go through quality control at the University of Hawai‘i’s Deep-Sea Ecology 

Lab prior to archiving. 

Detailed information about ROV operations is in the “NOAA Ocean Exploration ROV and 

Telepresence Deepwater Exploration Procedures Manual” (Galvez et al., in-prep). 

3.3 Sampling Operations 

A limited number of geological, biological, and water samples were collected on the seafloor 

using ROV Deep Discoverer’s manipulator arms and associated tools and stored in the bioboxes, 

rock boxes, rotary suction sampler jars, and Niskin bottles as well as Niskin bottles mounted on 

the CTD. The primary purpose of the sampling operations was to collect voucher samples that 

will be publicly available for site characterization. In addition, geological samples were collected 

for rock type description, and biological samples were collected of organisms that represented 

potential new species, range or depth extensions, dominant species at a site, and/or rare 

morphotypes, and to support biological connectivity studies. 

At the time of collection, the date, time, latitude, longitude, depth, salinity, temperature, and 

dissolved oxygen content were recorded for each sample.  

After vehicle recovery, samples were examined for associated organisms, labeled, 

photographed, and entered into the Sampling Operations Database Application (SODA, 

Gottfried et al. 2023) with all relevant metadata. Any associated organisms found were 

separated from primary samples and processed separately as “associate” samples.  

Detailed information about sampling operations is in the “NOAA Ocean Exploration Sampling 

Procedures Manual” (Dunn et al. 2023). 

3.3.1 Geological Samples 
Geological samples were air dried and placed in rock bags or small containers depending on the 

size of the sample. These samples will be shipped to the Marine and Geological Repository at 

Oregon State University after the conclusion of the NOAA Ocean Exploration field season on 

Okeanos Explorer. The samples will be sectioned, photographed, and their data will be entered 
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into the university’s online database. Polished thin sections will be made for each lithified 

sample.  

3.3.2 Biological Samples 
Biological samples were subsampled for inclusion in the Smithsonian National Museum of 

Natural History Biorepository for future DNA barcoding and DNA extraction. For this purpose, a 

small subsample (~1 cm2) was removed from the original sample and placed in 95% analytical 

grade ethanol (EtOH).  

For most of the biological samples, the remainder of the sample was also preserved in 95% 

ethanol. For select taxa, vouchers or subsamples were preserved in 10%, 5%, or 4% buffered 

formalin per recommendations from taxonomic experts and guidance provided by the 

Smithsonian National Museum of Natural History. Details of the preservation of each biological 

sample are in the associated metadata record. All voucher samples and subsamples were 

shipped to the Smithsonian National Museum of Natural History for long-term archiving and 

public access.  

3.3.3 Water/eDNA Samples 
As many as five 1.7 liter water samples per dive were collected in ROV Niskin bottles for eDNA 

analysis.  

Once on board the ship, water samples were filtered using a 0.45 μm filter, and the filters were 

fixed with DNA/RNA Shield, a preservative that keeps DNA stable at room temperature. For 

each dive’s set of water samples, a negative control of tap water was processed at the same 

time. Details of the timing and associated collection data for each water sample are in the 

associated metadata record. All eDNA samples were shipped to the Smithsonian National 

Museum of Natural History for further processing (DNA extraction and sequencing), long-term 

archiving, and public access. 

3.4 Conductivity, Temperature, and Depth 

CTD measurements were collected with the integrated ROV CTD system (Seabird (SBE) 9/11+). 

This system records data from the CTD, dissolved oxygen (DO), and oxygen reduction potential 

(ORP) sensors on every dive.  

3.5 Sun Photometer Measurements 

NOAA Ocean Exploration gathers limited at-sea measurements aboard Okeanos Explorer to 

support a NASA-led, long-term research effort that assesses marine aerosols. As time allowed 

on cloud-free days, onboard personnel collected georeferenced sun photometer measurements 
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for the Maritime Aerosol Network (MAN) component of the Aerosol Robotic Network 

(AERONET). AERONET is a network of sun photometers that measure atmospheric aerosol 

properties around the world. MAN complements AERONET by conducting sun photometer 

measurements on ships of opportunity to monitor aerosol properties over the global ocean. 

4. Environmental and Historical Compliance 
General records of multi-expedition environmental and historical compliance are in the “NOAA 

Ship Okeanos Explorer FY23 Field Season Instructions” as appendices (Cuellar 2023).  

Overviews of expedition-specific compliance activities are provided below. Copies of associated 

records of compliance are in Appendix B.  

4.1 Environmental Compliance 

In accordance with the National Environmental Policy Act (NEPA), NOAA Ocean Exploration 

incorporates appropriate and thorough consideration of potential environmental impacts into 

the planning and execution of its activities. NOAA Administrative Order 216-6A and its 2017 

companion manual outline the agency’s specific procedures for ensuring NEPA compliance. 

For all 2023 Okeanos Explorer expeditions, NOAA Ocean Exploration completed environmental 

reviews using categorical exclusion worksheets, consistent with Section 4 of the NEPA 

companion manual. Additional evaluations were conducted to ensure that potential effects on 

species and habitats protected under the Endangered Species Act (ESA), Marine Mammal 

Protection Act (MMPA), Magnuson-Stevens Act (MSA), and National Marine Sanctuaries Act 

(NMSA) were negligible. 

On March 14, 2022, NOAA Ocean Exploration received a Programmatic Letter of Concurrence 

and associated Project Design Criteria from the NOAA Fisheries ESA Interagency Cooperation 

Division. This documentation affirmed that the proposed activities may affect, but are not likely 

to adversely affect, ESA-listed species or their designated or proposed critical habitats. These 

documents will be submitted as supplemental materials in the NOAA Repository. 

NOAA Ocean Exploration also requested an Essential Fish Habitat (EFH) consultation under 

Section 304 of the Magnuson-Stevens Act for expeditions in the North Pacific, Eastern Pacific, 

Central Pacific, and Alaska regions during the 2023 field season. An EFH Letter of 

Acknowledgment, received on August 3, 2022, from NOAA’s Office of Habitat Conservation, 

confirmed that the expeditions would not adversely impact EFH. 

Given the offshore nature of most proposed activities, interactions with marine mammals 

protected under the MMPA or seabirds protected under the Migratory Bird Treaty Act (MBTA) 
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were considered unlikely. In the event of any such encounters, impacts were expected to be 

negligible due to the implementation of established best management practices developed in 

coordination with relevant regulatory agencies. 

Based on the results of these reviews and consultations, a categorical exclusion was determined 

to be the appropriate level of NEPA analysis. No extraordinary circumstances were identified 

that would require preparation of an environmental assessment or environmental impact 

statement. 

5. Schedule 
Table 3 provides a day by day breakdown of EX2304. The expedition was impacted by a sailing 

delay due to circumstances outside of the control of the program. The program used this time 

for additional mobilization activities and training. 

Table 3. EX2304 schedule. 

Date (UTC) Activity 

06/23 Mobilization begins in Dutch Harbor, AK. 

6/27-28 ROV mobilization continued with a dunk test of D2 and Seirios. Training continued for 

Science Leads, Mapping Watch Leads, and other new team members. 

6/29 Mobilization and training continued. Mission personnel were given a tour of NOAA Ship 

Fairweather. 

6/30 Mobilization and training continued. 

7/1 Mobilization and training continued. Mission personnel were provided a tour of the 

Alutiiq Museum, and visited the Kodiak History Museum and Wildlife Visitor Center. 

7/2-7/3 Mobilization and training continued. 

7/4 Fourth of July Holiday and Kraft manipulator practice. 

7/5 Mobilization and training continued. Dunk Test of D2 and Seirios. 

7/6 Mobilization and training continued. Hazmat waste was removed from the vessel with 

the help of the NOAA Kodiak Lab’s Hazmat Officer. The biology Science Lead was given a 

tour of the NOAA Kodiak Lab. 

7/7-7/9 Mobilization and training continued. 

7/10 Mobilization and training continued. Dunk Test with full walk-through, including sampling 

operations. Measurements were taken to establish the waterline. All-hands with mission 

team. 

7/11 Mobilization and training continued. Mission personnel were given a tour of the Okeanos 

Explorer’s Engine Room and a tour of the USCG Hangar 1 (aircrafts) and Hangar 3 

(helicopters). 
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Date (UTC) Activity 

7/12-7/13 Mobilization and training continued. 

7/14 Departure from Kodiak, AK at 0830. Transit mapping commenced en route to Dive 01. 

7/15 Dive 01 conducted in the water column, consisting of five standard transects. Overnight 

transit mapping towards Dive 02. 

7/16 Dive 02 conducted on a steep escarpment west of Big Bend Canyon. Overnight mapping 

operations en route to Dive 03. 

7/17 Dive 03 was aborted during descent due to deteriorating weather conditions. Overnight 

mapping operations en route to Dive 04. 

7/18 Dive 04 was an extended dive conducted on Sanak Seep, and included midwater 

transects on the ascent. Overnight mapping operations en route to Dive 05. 

7/19 Dive 05 was conducted on a scarp north of Lone Knoll. On ascent, a mechanical issue 

halted the winch due to fraying 0.68 cable. This was ultimately resolved, and the vehicles 

were recovered at 0200.  

7/20 Focused mapping operations were conducted while the ROV team repaired the winch 

and cable.  

7/21 Dive 06 was aborted due to a medical emergency during descent. Following recovery, the 

ship prepared for a medical evacuation. 

7/22 Medical evacuation completed via small boat transfer.  

7/23 Dive 07 was conducted on a mound north of Uliaga Island. Overnight mapping operations 

en route to Dive 08. 

7/24 Dive 08 was conducted in Umnak Canyon. The ship then began transiting to port in 

Unalaska, AK. 

7/25 Arrival at Dutch Harbor, Unalaska, AK. Commenced demobilization. 

7/26-27 Demobilization and Mission Team departure. 

 

6. Results 
This section details the results of EX2304. Metrics for the expedition’s major scientific work are 

in Table 4. A station log detailing the location of each operation conducted is provided as a 

supplemental file to this expedition report. 

Table 4. Summary of scientific metrics for EX2304. 

Metrics Totals 

Days at Sea 12 

Days at Sea in U.S. Waters 12 
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Metrics Totals 

Linear km Mapped by EM 304 2,694 

Sq. km Mapped by EM 304 16,475 

Sq. km Mapped by EM 304 in U.S. Waters (and deeper than 200 m) 16,433 

Vessel CTD Casts 0 

XBT Casts 48 

ROV Dives 8 

ROV Dives in U.S. Waters 8 

Maximum ROV Seafloor Depth (m) 2,807.4 

Minimum ROV Seafloor Depth (m) 532.5 

Total Time on Bottom (hh:mm:ss) 22:24:29 

Water Column Survey Time (hh:mm:ss) 03:32:53 

Total ROV Time (hh:mm:ss) 56:52:00 

Potential Undescribed or Novel Species and New Records Observed* 3 

Dives During Which Living Corals and Sponges Were Observed 4 

Dives During Which Chemosynthetic Communities Were Observed 1 

Dives During Which Active Seeps/Vents Were Observed 1 

Dives During Which Diverse Benthic Communities Were Observed 2 

Total Samples  95 

Biological Samples (Primary) 22 

Biological Associate Samples  31 

Geological Samples 6 

Geological Associate Samples 1 

eDNA Water Samples (including 7 blanks) 35 

Actively Participating Scientists, Students, and Resource Managers 42 

* Organisms unknown to science or an extension of their known range of geolocation or depth 

6.1 Acoustic Operations Results 

NOAA Ocean Exploration mapped 16,475 sq. km of seafloor during the 12 days at sea for 

EX2304. Of the 16,475 sq. km mapped, 16,433 sq. km was deeper than 200 m and within the 

U.S. Exclusive Economic Zone and Territorial Sea. The expedition (EX2304) made significant 

contributions to the Seascape Alaska campaign goals to map the U.S. waters off Alaska. EX2304 

also contributed to the broader exploration and characterization priorities identified as part of 

the National Ocean Mapping, Exploration, and Characterization (NOMEC) strategy. 
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Acoustic mapping data are generally sent to the NOAA archives within 120 days of the end of an 

expedition. The 2023 mapping readiness report describes the data archived for each dataset, 

including file formats (Candio et al. 2023). Information about proprietary software and freeware 

that can handle the varying data types is in the “NOAA OER Deepwater Exploration Mapping 

Procedures Manual” (Hoy et al. 2020).  

6.2 ROV Operations Results 

Seafloor depth ranges explored during the 6 successful ROV dives were between 532.5 and 

2807.4 m. During these dives, the ROVs spent approximately 22.5 hours conducting benthic 

exploration and 3.5 hours conducting water column exploration. Tables 5 and 6 contain 

dive-specific information.  

Table 5. Summary information for the 8 ROV dives conducted during EX2304. 

Dive 

# 

Site 

Name 

Date 

(yyyymm

dd) 

On Bottom 

Latitude 

(dd) 

On Bottom 

Longitude 

(dd) 

Max 

Depth 

(m) 

Min 

Depth 

(m) 

Dive 

Duration 

(hh:mm:ss

) 

Bottom 

Time 

(hh:mm:

ss) 

Water 

Column 

Exploration 

Time 

(hh:mm:ss) 

1 

Aleutians 

Water 

Column 7/15/23 55.60289° N 154.07186° W 2164 N/A 5:58:10 N/A 2:30:56 

2 

Big Bend 

Canyon 7/16/23 54.75286° N 156.52509° W 2324.3 2139.4 8:14:28 5:17:56 N/A 

3 

South 

Shumagin 

Islands* 7/17/23 54.28025° N 159.93617° W N/A N/A 1:42:00 N/A N/A 

4 

Sanak 

Seep 7/18/23 53.74866° N 162.58825° W 2030.7 2016.3 9:48:08 4:30:01 1:01:57 

5 

Lone Knoll 

Scarp** 7/19/23 53.50477° N 164.17038° W 2807.4 2743.4 16:25:05 2:56:00 N/A 

6 

Uliago 

Mound* 7/21/23 53.29323° N 169.77545° W N/A N/A 1:03:27 N/A N/A 

7 

Uliago 

Mound 7/23/23 53.29347° N 169.77597° W 783.2 532.5 8:14:08 6:35:01 N/A 

8 

Umnak 

Canyon 

Wall 7/24/23 53.50038° N 168.81864° W 1479.1 1429.6 5:26:34 3:05:31 N/A 

* Dive was aborted prior to reaching the seafloor. 

** Dive had a late recovery due to mechanical issues upon ascent. 
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Table 6. Summary of scientific metrics for the 8 ROV dives conducted during EX2304. 

Dive # Site Name 

Corals/ 

Sponges  

Chemo- 

synthetic 

Community 

Active 

Seeps & 

Vents  

Diverse 

Benthic 

Community 

Primary/ 

Associate 

Biological 

Samples 

Primary/Associate 

Geological 

Samples 

Water 

Samples / 

Blank 

1 
Aleutians Water 

Column 
N/A N/A N/A N/A 5/0 0/0 5/1 

2 Big Bend Canyon Yes No No No 4/5 4/0 5/1 

3 Shumigan Scarp N/A N/A N/A N/A 0/0 0/0 0 

4 Sanak Seep No Yes Yes Yes 3/10 1/0 5/1 

5 Lone Knoll Scarp Yes No No No 1/0 0/0 4/1 

6 Uliaga Mound N/A N/A N/A N/A 0/0 0/0 1/1 

7 Uliaga Mound Yes No No Yes 6/11 1/0 5/1 

8 Umnak Canyon Yes No No No 3/5 0/1 3/1 

 

 

6.3 Sampling Operations Results 

A total of 95 samples were collected during EX2304: 7 geological samples, 22 biological samples, 

31 associate biology samples (specimens attached to primary biological or geological samples), 

and 35 water samples for eDNA analysis, including 7 blanks (Table 6 includes results by dive). 

Appendix C contains complete inventories of geological, biological, and water samples. 

There were 6 geological samples that were purposely collected (primary samples) as well as 1 

sample that were incidentally collected (associate samples). In total, these samples amounted 

to 7 individuals. Highlights are noted in Section 6. Table D1 in Appendix C contains full details 

about the geological samples collected. 

There were 22 biological samples that were purposely collected (primary samples) as well as 31 

samples that were incidentally collected (associate samples). In total, these samples amounted 

to 53 individuals. Highlights are noted in Section 6. Table D2 in Appendix C contains full details 

about the biological samples collected. 

There were 28 water samples collected for eDNA analysis and 7 blanks, for a total of 35 water 

samples submitted. Table D3 in Appendix C contains full details about the water samples 

collected. 
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6.5 Engagement 

EX2304 engaged with audiences around the world, opening a window of understanding into the 

deep sea. Highlights included: 

●​ 42 Scientists, Students, and Resource Managers actively participated in the the 

expedition   

●​ Live video feeds received nearly 50,900 views, and web content received over 21,800 

page views during EX2304. 

●​ Nearly 250 news/web articles were published covering EX2304. Stories appeared in 

national and local media outlets and on websites throughout the country, including the 

Miami Herald, MSN, the Associated Press, and the Weather Channel. This coverage 

amplified the impact of the expedition, increasing the audience reached. 
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7. Data Access 
All data collected during NOAA Ocean Exploration expeditions and associated products are 

made publicly available via the NOAA archives, NOAA’s National Centers for Environmental 

Information (NCEI), the NOAA Institutional Repository, and the Smithsonian National Museum 

of Natural History and Oregon State University sample repositories, unless protected (e.g., data 

associated with specific maritime heritage sites). Data collected by NOAA must be covered by a 

data management plan to ensure they are archived and publicly accessible. The data 

management plan for EX2304 is in the “Project Instructions: EX2304, Seascape Alaska 3: 

Aleutians Remotely Operated Vehicle Exploration and Mapping” (Hoy, 2023). 

The primary tools for accessing data collected during this expedition and archived at NCEI are 

the EX2304 data landing page, the NOAA Ocean Exploration Data Atlas, and the NOAA Ocean 

Exploration Video Portal. Refer to the NOAA Ocean Exploration Data Access web pages for help 

navigating expedition data. Other resources include the NOAA Ocean Exploration Data (NCEI) 

ArcGIS online group, which provides access to all NOAA Ocean Exploration geospatial data 

services managed by NCEI, including the geospatial data layers found in the data atlas, and the 

NOAA Ocean Exploration Data Management website.  

NCEI makes data publicly available over time as quality-control measures are completed, data 

are released, and publications and related materials are published. Thus, not all data and 

products will be made available at the same time. To access data and products from EX2304 

that are not yet public, request assistance by submitting a data request form or sending an 

email to oer.info.mgmt@noaa.gov. 

7.1 Digital Data/Product Locations 

The locations for directly accessing specific types of digital data collected during EX2304 and 

products documenting expedition results (at the time of writing this report) are provided in 

Table 7.  

Table 7. Online locations for direct access to digital data collected during EX2304 and products 
documenting expedition results (at the time of writing this report). 

Data/Product Type Description 

EM 304 Bathymetry and 

Backscatter Data 

EM 304 bathymetric and backscatter data, supporting informational 

logs, and ancillary files are available through NCEI’s Bathymetric Data 

Viewer 

Water Column Data (EM 304 

and EK60/EK80) 

EM 304 and EK60/EK80 water column data, supporting data, and 

informational logs are available through NCEI’s Water Column Sonar 

Data Viewer 
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https://www.ncei.noaa.gov/waf/okeanos-rov-cruises
https://www.ncei.noaa.gov/maps/ocean-exploration-data-atlas/
https://www.ncei.noaa.gov/access/ocean-exploration/video/
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https://docs.google.com/a/noaa.gov/spreadsheet/viewform?fromEmail=true&formkey=dHAycC1MYndJb0hTdGRaYXAzVTVBdWc6MA
mailto:oer.info.mgmt@noaa.gov
https://www.ncei.noaa.gov/maps/bathymetry/
https://www.ncei.noaa.gov/maps/bathymetry/
https://www.ncei.noaa.gov/maps/water-column-sonar/
https://www.ncei.noaa.gov/maps/water-column-sonar/


 

 

Data/Product Type Description 

Knudsen 3260 Sub-Bottom 

Profiler Data 

Sub-bottom data, supporting data, and informational logs are 

available in NCEI’s Trackline Geophysical Data Viewer 

ADCP Data ADCP raw data are available through the NCEI Global Ocean Currents 

Database 

Sound Speed Profiles Ancillary sound speed profiles are available with the mapping data 

through NCEI’s Bathymetric Data Viewer and the expedition’s 

oceanographic dataset 

Oceanographic Dataset Oceanographic data and products are available from NCEI. These 

data include data from shipboard sensors, including navigational 

data, meteorological data (wind), and oceanographic data 

(bathythermograph, sound velocity probe, thermosalinograph); 

additional data and products include profile data (CTD and XBT), 

event logs, images, ROV ancillary data, and sample data 

SeaTube Annotations Annotations from ROV dives with associated video (with a snapshot 

capability) and geospatial and sensor data are available through Sea 

Tube 

Dive Summaries Individual ROV dive summaries and associated ROV dive data are 

available as supplemental files to this report. 

Reports and Papers Reports and peer-reviewed papers are available through the NOAA 

Ocean Exploration Library Guide and the NOAA Institutional 

Repository  

 

7.2 Physical Sample Repositories 

The following repositories archive samples collected during NOAA Ocean Exploration 

expeditions on Okeanos Explorer. More information about how to access physical samples is on 

the NOAA Ocean Exploration website and within the NOAA Ocean Exploration Sampling 

Procedures Manual (Dunn et al., 2023). 

Biological Samples 
Department of Invertebrate Zoology  

Smithsonian National Museum of Natural History, Museum Support Center  

MRC 534, 4210 Silver Hill Road, Suitland, MD 20746​
 

DNA and eDNA Samples 
Biorepository  

Smithsonian National Museum of Natural History, Museum Support Center  

4210 Silver Hill Road, Suitland, MD 20746 
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https://www.ncei.noaa.gov/maps/trackline-geophysics/
https://www.ncei.noaa.gov/access/data/global-ocean-currents-database/sadcp_oer_inv.html
https://www.ncei.noaa.gov/access/data/global-ocean-currents-database/sadcp_oer_inv.html
https://www.ncei.noaa.gov/maps/bathymetry/
https://www.ncei.noaa.gov/access/metadata/landing-page/bin/iso?id=gov.noaa.nodc:0285405
https://www.ncei.noaa.gov/access/metadata/landing-page/bin/iso?id=gov.noaa.nodc:0285405
https://doi.org/10.25921/jg0e-pz04
https://data.oceannetworks.ca/ExpeditionManagement
https://data.oceannetworks.ca/ExpeditionManagement
https://library.noaa.gov/oceanexplorationbib
https://library.noaa.gov/oceanexplorationbib
https://repository.library.noaa.gov/
https://repository.library.noaa.gov/
https://oceanexplorer.noaa.gov/data/ex-sample-access.html
https://naturalhistory.si.edu/research/invertebrate-zoology
https://naturalhistory.si.edu/research/biorepository


 

 

 

Geological Samples 
Marine and Geology Repository  

OSU Marine & Geology Repository 

4700 SW Research Way 

Corvallis, OR 97333​
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Appendix A: EX2304 Science Team Members 
EX2304 included onboard mission personnel (Table A1) as well as shore-based science 

personnel (Table A2) who participated remotely via telepresence. 

Table A1. EX2304 onboard mission team personnel. 

Name Role Affiliation 

Shannon Hoy Expedition Coordinator NOAA Ocean Exploration 

Rhian Waller Science Lead UCAR 

Jennifer Aschoff Science Lead UCAR 

Marcel Peliks Mapping Watch Lead UCAR 

Anna Coulson Mapping Watch Lead UCAR 

Anna Lienesch Sample Data Manager NCEI 

Jennifer Green Sample Data Manager NCEI 

Patrick Cooper AI Specialist NOAA Ocean Exploration 

Chris Ritter GFOE Team Lead Global Foundation for Ocean Exploration 

Olivia Andrus Engineering Team Global Foundation for Ocean Exploration 

Fernando Aragon Engineering Team Global Foundation for Ocean Exploration 

Caitlin Bailey Engineering Team Global Foundation for Ocean Exploration 

Roland Brian Engineering Team Global Foundation for Ocean Exploration 

Art Howard Engineering Team Global Foundation for Ocean Exploration 

Nate Kenney Engineering Team Global Foundation for Ocean Exploration 

Sean Kennison Engineering Team Global Foundation for Ocean Exploration 

Tsimafei Lazouski Engineering Team Global Foundation for Ocean Exploration 

Jon Mefford Engineering Team Global Foundation for Ocean Exploration 

Bobby Mohr Engineering Team Global Foundation for Ocean Exploration 

Andy O’Brien Engineering Team Global Foundation for Ocean Exploration 

Levi Unema Engineering Team Global Foundation for Ocean Exploration 

Chris Wright Engineering Team Global Foundation for Ocean Exploration 
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Table A2. EX2304 shore-based science team members who participated via telepresence. 

Name Role Affiliation 

Steve Auscavitch Shore-based Scientist Boston University 

Jennifer Beaumont Shore-based Scientist NIWA 

Lara Beckmann Shore-based Scientist University of Gothenburg  

Merlin Best Shore-based Scientist Fisheries & Oceans Canada 

Kelley Brumley Shore-based Scientist  

Sam Candio Shore-based Scientist NOAA Ocean Exploration 

Kasey Cantwell Shore-based Scientist NOAA Ocean Exploration 

Robert Carney Shore-based Scientist Louisiana State University 

Jamie Conrad Shore-based Scientist U.S. Geological Survey 

Christina Conrath Shore-based Scientist 
NOAA Alaska Fisheries Science 
Center 

Emily Crum 
Communications 
Coordinator 

NOAA Ocean Exploration 

John Deitz Shore-based Scientist  

Meredith Everett Shore-based Scientist NOAA 

Scott France Shore-based Scientist 
University of Louisiana and 
Lafayette 

Tamara Frank Shore-based Scientist Nova Southeastern University 

Ervan Garrison Shore-based Scientist University of Georgia 

Pam Goddard Shore-based Scientist NOAA 

Sam Greenaway Shore-based Scientist NOAA 

Elaina Jorgensen Shore-based Scientist NOAA 

Christopher Kelley Shore-based Scientist University of Hawaii 

Logan Kline Shore-based Scientist NOAA Ocean Exploration  

Christopher Knowlton Shore-based Scientist URI Inner Space Center 
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Name Role Affiliation 

Dhugal Lindsay Shore-based Scientist JAMSTEC 

Tara Luke Shore-based Scientist Stockton University 

Christopher Mah Shore-based Scientist 
Smithsonian-National Museum 
of Natural History (Invertebrate 
Zoology) 

Kelly Markello Shore-based Scientist California Academy of Sciences 

George Matsumoto Shore-based Scientist MBARI 

Asako Matsumoto Shore-based Scientist  

Cheryl Morrison Shore-based Scientist U.S. Geological Survey 

Thomas Morrow Shore-based Scientist NOAA Ocean Exploration 

Christian Nilsson Shore-based Scientist University of Gothenburg 

Christa Rabenold Shore-based Scientist  NOAA Ocean Exploration 

Gord Rees Shore-based Scientist Ocean Networks Canada 

Sean Rooney Shore-based Scientist 
NOAA Alaska Fisheries Science 
Center 

Chris Rooper Shore-based Scientist Fisheries and Oceans Canada 

Carolyn Ruppel Shore-based Scientist U.S. Geological Survey 

Robert Stone Shore-based Scientist 
Auke Bay Marine Laboratory 
(retired) 

Kenneth Sulak Shore-based Scientist U.S. Geological Survey 

Michael Vecchione Shore-based Scientist NOAA and Smithsonian 

Les Watling Shore-based Scientist University of Hawaii 

Alexis Weinnig Shore-based Scientist U.S. Geological Survey 

Mary Wicksten Shore-based Scientist Texas A&M University 
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Appendix B: EX2304 Environmental Compliance 
Documentation  
The Endangered Species Act (ESA) Programmatic Letter of Concurrence covering this 

expedition is attached to this document as a supplement. 
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Figure B1. EFH Consultation letter 
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Figure B2. State of Alaska Aquatic Resource Permit 
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Figure B3. U.S. Fish & Wildlife Service Designated Port Exception Permit 
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Figure B4. CITES Introduction from the Sea Permit
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Figure B5. NEPA Categorical Exclusion for EX2304 
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Appendix C: Inventories of Geological, Biological, and eDNA Water Samples 
Tables C1-C3 provide inventories of the geological, biological, and water samples for eDNA analysis collected during EX2304. 

Table C1. Inventory of geological samples collected during EX2304. 

Dive 
# Site Name Sample #* Sample ID Preservation 

Collection 
Rationale 

Date 
(yyyymmdd) 

UTC Time 
(hhmmss) 

Latitude 
(dd) 

Longitude 
(dd) 

Depth 
(m) 

Weight 
(kg) 

02 
Big Bend 
Canyon 

EX2304_D02
_03G 

Rounded basalt 
cobble 

Dried 
Characteristic 
of Site 

20230716 184831 54.7531 -156.5259 2319 0.04 

02 
Big Bend 
Canyon 

EX2304_D02
_05G 

Tuff-volcanic 
rock 

Dried 
Characteristic 
of Site 

20230716 195133 54.7537 -156.5272 2282.9 0.04 

02 
Big Bend 
Canyon 

EX2304_D02
_10G 

Tuff- volcanic 
Rock 

Dried 
Characteristic 
of Site 

20230716 220133 54.7547 -156.5289 2208.4 0.09 

02 
Big Bend 
Canyon 

EX2304_D02
_12G 

Igneous Rock Dried 
Characteristic 
of Site 

20230716 224632 54.7555 -156.5292 2163.1 0.52 

04 Sanak Seep 
EX2304_D04_
04G 

Carbonate Rock Dried 
Characteristic 
of Site 

20230718 204322 53.7488 -162.5898 2024.3 2.01 

07 
Uliaga Mound 
Take 2 

EX2304_D07
_08G 

Basalt Dried 
Characteristic 
of Site 

20230723 212332 53.2927 -169.7783 661.8 2.45 

08 Umnak Canyon 
EX2304_D08
_03B_A01G 

sediment   20230724 182321 53.5004 -168.8183 1472.6 0.002 

* Geological sample numbers with “_A##” indicate associate samples. 

 

Table C2. Inventory of biological samples collected during EX2304. 

Dive 
# 

Site 
Name Sample #* 

Field 
Sample ID Preservative 

Collection 
Rationale  

Date  
(yyyymmdd) 

UTC Time 
(hhmmss) 

Latitude 
(dd) 

Longitude 
(dd) 

Depth 
 (m) 

Salinity 
 (ppt) 

Temp 
(C) 

Dissolved 
Oxygen 
 (mg/l) 

01 
Aleutians 
Water Column 

EX2304_D01_0
2B 

Botryne
ma 
brucei 

5% 
Formalin 

Characteristi
c of Site 

20230715 181926 55.6004 -154.0727 
2161.
7 

34.60 1.84 2.09 

01 
Aleutians 
Water Column 

EX2304_D01_0
4B 

Solmissus 
5% 
Formalin 

Characteristi
c of Site 

20230715 193214 55.6003 -154.0744 899.8 34.31 3.28 0.46 
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Dive 
# 

Site 
Name Sample #* 

Field 
Sample ID Preservative 

Collection 
Rationale  

Date  
(yyyymmdd) 

UTC Time 
(hhmmss) 

Latitude 
(dd) 

Longitude 
(dd) 

Depth 
 (m) 

Salinity 
 (ppt) 

Temp 
(C) 

Dissolved 
Oxygen 
 (mg/l) 

01 
Aleutians 
Water Column 

EX2304_D01_0
7B 

Bolinopsi
s 

5% 
Formalin 

Characteristi
c of Site 

20230715 211415 55.5995 -154.0774 499.5 34.11 4.01 0.69 

01 
Aleutians 
Water Column 

EX2304_D01_0
8B 

Siphonop
horae 

95% EtOH 
Characteristi
c of Site 

20230715 212515 55.5992 -154.0783 503.6 34.11 4.00 0.68 

01 
Aleutians 
Water Column 

EX2304_D01_1
0B 

Bargman
nia 

95% EtOH 
Characteristi
c of Site 

20230715 221410 55.5978 -154.0837 300.8 33.92 4.45 1.40 

02 
Big Bend 
Canyon 

EX2304_D02_0
3G_A01B 

Cladorhiz
a 

95% EtOH  20230716 184831 54.7531 -156.5259 2319 34.60 1.85 2.19 

02 
Big Bend 
Canyon 

EX2304_D02_0
4B 

Cladorhiz
a 
bathycrin
oides 

95% EtOH Rare Fauna 20230716 192519 54.7538 -156.5269 
2307.
6 

34.59 1.86 2.13 

02 
Big Bend 
Canyon 

EX2304_D02_0
6B 

Porifera 95% EtOH 
Characteristi
c of Site 

20230716 210408 54.7544 -156.5283 
2243.
1 

34.60 1.82 2.21 

02 
Big Bend 
Canyon 

EX2304_D02_0
8B 

Cladorhiz
a corona 

95% EtOH Rare Fauna 20230716 211654 54.7544 -156.5284 
2237.
2 

34.60 1.83 2.20 

02 
Big Bend 
Canyon 

EX2304_D02_0
8B_A01B 

fish eggs 95% EtOH  20230716 211654 54.7544 -156.5284 
2237.
2 

34.60 1.83 2.20 

02 
Big Bend 
Canyon 

EX2304_D02_0
9B 

Parasten
ella 

95% EtOH 
Characteristi
c of Site 

20230716 214255 54.7547 -156.5287 
2219.
4 

34.60 1.82 2.20 

02 
Big Bend 
Canyon 

EX2304_D02_0
9B_A01B 

Amphipo
da 

95% EtOH  20230716 214255 54.7547 -156.5287 
2219.
4 

34.60 1.82 2.20 

02 
Big Bend 
Canyon 

EX2304_D02_1
2G_A01B 

Cladorhiz
a 

95% EtOH  20230716 224632 54.7555 -156.5292 
2163.
1 

34.60 1.79 2.32 

02 
Big Bend 
Canyon 

EX2304_D02_1
2G_A02B 

Porifera 95% EtOH  20230716 224632 54.7555 -156.5292 
2163.
1 

34.60 1.79 2.32 

04 Sanak Seep 
EX2304_D04_0
2B 

Sponge 
Bacteria 
Unknown 

95% EtOH 
Characteristi
c of Site 

20230718 194022 53.7479 -162.5898 
2013.
1 

34.57 1.95 1.80 

04 Sanak Seep 
EX2304_D04_0
2B_A01B 

Pycnogon
ida 

95% EtOH  20230718 194022 53.7479 -162.5898 
2013.
1 

34.57 1.95 1.80 

04 Sanak Seep 
EX2304_D04_0
2B_A02B 

Gastropo
da 

95% EtOH  20230718 194022 53.7479 -162.5898 
2013.
1 

34.57 1.95 1.80 
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Dive 
# 

Site 
Name Sample #* 

Field 
Sample ID Preservative 

Collection 
Rationale  

Date  
(yyyymmdd) 

UTC Time 
(hhmmss) 

Latitude 
(dd) 

Longitude 
(dd) 

Depth 
 (m) 

Salinity 
 (ppt) 

Temp 
(C) 

Dissolved 
Oxygen 
 (mg/l) 

04 Sanak Seep 
EX2304_D04_0
2B_A03B 

Polychaet
a 

95% EtOH  20230718 194022 53.7479 -162.5898 
2013.
1 

34.57 1.95 1.80 

04 Sanak Seep 
EX2304_D04_0
2B_A04B 

Amphipo
da 

95% EtOH  20230718 194022 53.7479 -162.5898 
2013.
1 

34.57 1.95 1.80 

04 Sanak Seep 
EX2304_D04_0
3B 

Vesicomy
idae 

95% EtOH 
Characteristi
c of Site 

20230718 194550 53.7484 -162.5883 
2011.
1 

34.58 1.93 1.79 

04 Sanak Seep 
EX2304_D04_0
3B_A01B 

Siboglinid
ae 

95% EtOH  20230718 194550 53.7484 -162.5883 
2011.
1 

34.58 1.93 1.79 

04 Sanak Seep 
EX2304_D04_0
3B_A02B 

Patelloga
stropoda 

95% EtOH  20230718 194550 53.7484 -162.5883 
2011.
1 

34.58 1.93 1.79 

04 Sanak Seep 
EX2304_D04_0
3B_A03B 

Patelloga
stropoda 

95% EtOH  20230718 194550 53.7484 -162.5883 
2011.
1 

34.58 1.93 1.79 

04 Sanak Seep 
EX2304_D04_0
3B_A04B 

Gastropo
da 

95% EtOH  20230718 194550 53.7484 -162.5883 
2011.
1 

34.58 1.93 1.79 

04 Sanak Seep 
EX2304_D04_0
6B 

Siboglinid
ae 

95% EtOH 
Characteristi
c of Site 

20230718 231212 53.7479 -162.5871 
2015.
8 

34.58 1.91 1.86 

04 Sanak Seep 
EX2304_D04_0
6B_A01B 

Tritonia 95% EtOH  20230718 231212 53.7479 -162.5871 
2015.
8 

34.58 1.91 1.86 

04 Sanak Seep 
EX2304_D04_0
6B_A02B 

Patelloga
stropoda 

95% EtOH  20230718 231212 53.7479 -162.5871 
2015.
8 

34.58 1.91 1.86 

05 
Lone Knoll 
Scarp 

EX2304_D05_0
3B 

Virgularia 95% EtOH Rare Fauna 20230719 194416 53.5047 -164.1704 
2803.
8 

34.64 1.60 3.28 

07 
Uliaga Mound 
Take 2 

EX2304_D07_0
3B 

Paragorgi
a 

95% EtOH 
New or 
Unusual 
Morphotype 

20230723 175540 53.2935 -169.7760 779.4 34.12 3.49 0.92 

07 
Uliaga Mound 
Take 2 

EX2304_D07_0
3B_A01B 

Polychaet
a 

95% EtOH  20230723 175540 53.2935 -169.7760 779.4 34.12 3.49 0.92 

07 
Uliaga Mound 
Take 2 

EX2304_D07_0
4B 

Primnoa 95% EtOH 
Connectivity 
Study 

20230723 182210 53.2934 -169.7763 774.9 34.12 3.51 0.91 

07 
Uliaga Mound 
Take 2 

EX2304_D07_0
5B 

Alaskagor
gia 

95% EtOH 

Lab 
Assessment 
Required for 
ID 

20230723 193143 53.2932 -169.7767 747.4 34.19 3.34 0.82 
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Dive 
# 

Site 
Name Sample #* 

Field 
Sample ID Preservative 

Collection 
Rationale  

Date  
(yyyymmdd) 

UTC Time 
(hhmmss) 

Latitude 
(dd) 

Longitude 
(dd) 

Depth 
 (m) 

Salinity 
 (ppt) 

Temp 
(C) 

Dissolved 
Oxygen 
 (mg/l) 

07 
Uliaga Mound 
Take 2 

EX2304_D07_0
5B_A01B 

Gorgonoc
ephalus 

95% EtOH  20230723 193143 53.2932 -169.7767 747.4 34.19 3.34 0.82 

07 
Uliaga Mound 
Take 2 

EX2304_D07_0
5B_A02B 

Ophiuroi
dea 

95% EtOH  20230723 193143 53.2932 -169.7767 747.4 34.19 3.34 0.82 

07 
Uliaga Mound 
Take 2 

EX2304_D07_0
7B 

Heteropo
lypus 

95% EtOH 
Range 
Extension 

20230723 211027 53.2928 -169.7782 666.5 34.15 3.42 0.78 

07 
Uliaga Mound 
Take 2 

EX2304_D07_0
8G_A01B 

Primnoid
ae 

95% EtOH  20230723 212332 53.2927 -169.7783 661.8 34.15 3.44 0.80 

07 
Uliaga Mound 
Take 2 

EX2304_D07_0
8G_A02B 

Hydrozoa 95% EtOH  20230723 212332 53.2927 -169.7783 661.8 34.15 3.44 0.80 

07 
Uliaga Mound 
Take 2 

EX2304_D07_0
8G_A03B 

Porifera 95% EtOH  20230723 212332 53.2927 -169.7783 661.8 34.15 3.44 0.80 

07 
Uliaga Mound 
Take 2 

EX2304_D07_0
8G_A04B 

Porifera 95% EtOH  20230723 212332 53.2927 -169.7783 661.8 34.15 3.44 0.80 

07 
Uliaga Mound 
Take 2 

EX2304_D07_0
8G_A05B 

Porifera 95% EtOH  20230723 212332 53.2927 -169.7783 661.8 34.15 3.44 0.80 

07 
Uliaga Mound 
Take 2 

EX2304_D07_0
8G_A06B 

Caryophy
llia 

95% EtOH  20230723 212332 53.2927 -169.7783 661.8 34.15 3.44 0.80 

07 
Uliaga Mound 
Take 2 

EX2304_D07_0
8G_A07B 

Bryozoa 95% EtOH  20230723 212332 53.2927 -169.7783 661.8 34.15 3.44 0.80 

07 
Uliaga Mound 
Take 2 

EX2304_D07_0
8G_A08B 

Stylaster 95% EtOH  20230723 212332 53.2927 -169.7783 661.8 34.15 3.44 0.80 

07 
Uliaga Mound 
Take 2 

EX2304_D07_0
9B 

Muriceid
es 

95% EtOH 
Potential 
Undescribed 
Species 

20230723 214549 53.2927 -169.7785 654.4 34.11 3.52 0.90 

07 
Uliaga Mound 
Take 2 

EX2304_D07_1
1B 

Isidella 
tentaculu
m 

95% EtOH Rare Fauna 20230723 233242 53.2918 -169.7798 571.8 34.09 3.56 1.02 

08 Umnak Canyon 
EX2304_D08_0
3B 

Chondroc
ladia 
Sponge 

95% EtOH 
Characteristi
c of Site 

20230724 182321 53.5004 -168.8183 
1472.
6 

34.49 2.25 1.11 

08 Umnak Canyon 
EX2304_D08_0
3B_A02B 

Ophiacan
tha 

95% EtOH  20230724 182321 53.5004 -168.8183 
1472.
6 

34.49 2.25 1.11 
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Dive 
# 

Site 
Name Sample #* 

Field 
Sample ID Preservative 

Collection 
Rationale  

Date  
(yyyymmdd) 

UTC Time 
(hhmmss) 

Latitude 
(dd) 

Longitude 
(dd) 

Depth 
 (m) 

Salinity 
 (ppt) 

Temp 
(C) 

Dissolved 
Oxygen 
 (mg/l) 

08 Umnak Canyon 
EX2304_D08_0
3B_A03B 

scale 
worm 

95% EtOH  20230724 182321 53.5004 -168.8183 
1472.
6 

34.49 2.25 1.11 

08 Umnak Canyon 
EX2304_D08_0
4B 

Nearchas
ter 

95% EtOH 
New or 
Unusual 
Morphotype 

20230724 183841 53.5005 -168.8182 
1472.
6 

34.49 2.24 1.13 

08 Umnak Canyon 
EX2304_D08_0
5B 

Hydroida 95% EtOH 
Characteristi
c of Site 

20230724 201013 53.4999 -168.8164 
1445.
8 

34.47 2.30 1.07 

08 Umnak Canyon 
EX2304_D08_0
5B_A01B 

Amphipo
da 

95% EtOH  20230724 201013 53.4999 -168.8164 
1445.
8 

34.47 2.30 1.07 

08 Umnak Canyon 
EX2304_D08_0
5B_A02B 

Floromet
ra 

95% EtOH  20230724 201013 53.4999 -168.8164 
1445.
8 

34.47 2.30 1.07 

08 Umnak Canyon 
EX2304_D08_0
5B_A03B 

Ophiacan
tha 

95% EtOH  20230724 201013 53.4999 -168.8164 
1445.
8 

34.47 2.30 1.07 

* Biological sample numbers with “_A##” indicate associate samples. 

 

Table C3. Inventory of water samples collected for eDNA analysis during EX2304. 

Dive 
# Site Name Sample # 

Field 
Identification 

Final 
Preservative 

Date  
(yyyymmdd) 

UTC Time 
(hhmmss) 

Latitude 
(dd) 

Longitude 
(dd) 

Depth 
(m) 

Salinity 
(ppt) 

Temp 
(oC) 

Dissolved 
Oxygen 
(mg/l) 

01 Mississippi Mud 
EX2201_D01_
01W 

Longmire’s eDNA 20220224 20:43:41 29.21242 -87.87331 489.5 34.95 7.94 3.71 

01 
Aleutians Water 
Column 

EX2304_D01_
01W 

2160m 
DNA/RNA 
Shield 

20230715 180907 55.6004 -154.0725 2159.3 34.599 1.84 2.15 

01 
Aleutians Water 
Column 

EX2304_D01_
03W 

900m 
transect 

DNA/RNA 
Shield 

20230715 193011 55.6003 -154.0743 898.8 34.31 3.28 0.43 

01 
Aleutians Water 
Column 

EX2304_D01_
05W 

 
DNA/RNA 
Shield 

20230715 201613 55.6006 -154.0730 701.4 34.23 3.67 0.50 

01 
Aleutians Water 
Column 

EX2304_D01_
06W 

500m depth 
DNA/RNA 
Shield 

20230715 210208 55.5998 -154.0760 502.1 34.11 4.01 0.69 

01 
Aleutians Water 
Column 

EX2304_D01_
09W 

300m 
DNA/RNA 
Shield 

20230715 214439 55.5988 -154.0799 301.5 33.92 4.42 1.40 
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Dive 
# Site Name Sample # 

Field 
Identification 

Final 
Preservative 

Date  
(yyyymmdd) 

UTC Time 
(hhmmss) 

Latitude 
(dd) 

Longitude 
(dd) 

Depth 
(m) 

Salinity 
(ppt) 

Temp 
(oC) 

Dissolved 
Oxygen 
(mg/l) 

01 
Aleutians Water 
Column 

EX2304_D01_
BLW 

Blank Water 
Specimen 

DNA/RNA 
Shield 

        

02 
Big Bend 
Canyon 

EX2304_D02_
01W 

Deep 
Scattering 
Layer 

DNA/RNA 
Shield 

20230716 164337 54.7525 -156.5206 300.9 33.97 4.06 0.64 

02 
Big Bend 
Canyon 

EX2304_D02_
02W 

On bottom 
eDNA 

DNA/RNA 
Shield 

20230716 180416 54.7528 -156.5251 2320.9 34.60 1.85 2.17 

02 
Big Bend 
Canyon 

EX2304_D02_
07W 

Mid dive 
2240m 

DNA/RNA 
Shield 

20230716 210503 54.7543 -156.5282 2241.5 34.60 1.82 2.21 

02 
Big Bend 
Canyon 

EX2304_D02_
11W 

2185M 
DNA/RNA 
Shield 

20230716 222107 54.7553 -156.5285 2185.5 34.60 1.82 2.18 

02 
Big Bend 
Canyon 

EX2304_D02_
13W 

End of dive 
DNA/RNA 
Shield 

20230716 230942 54.7558 -156.5293 2140.1 34.61 1.78 2.31 

02 
Big Bend 
Canyon 

EX2304_D02_
BLW 

Blank Water 
Specimen 

DNA/RNA 
Shield 

        

04 Sanak Seep 
EX2304_D04_
01W 

Deep 
Scattering 
Layer 240m 

DNA/RNA 
Shield 

20230718 174650 53.7508 -162.5889 241.6 33.90 4.49 1.58 

04 Sanak Seep 
EX2304_D04_
05W 

Over the 
tube worms 

DNA/RNA 
Shield 

20230718 220231 53.7482 -162.5886 2009.7 34.58 1.89 2.00 

04 Sanak Seep 
EX2304_D04_
07W 

BBL eDNA 
sample 
above seep 

DNA/RNA 
Shield 

20230718 232748 53.7479 -162.5869 1965.5 34.57 1.95 1.83 

04 Sanak Seep 
EX2304_D04_
08W 

900m 
transect 

DNA/RNA 
Shield 

20230719 003915 53.7476 -162.5843 903.1 34.31 3.21 0.48 

04 Sanak Seep 
EX2304_D04_
09W 

700m depth 
transect 

DNA/RNA 
Shield 

20230719 010634 53.7477 -162.5840 700.7 34.22 3.62 0.46 

04 Sanak Seep 
EX2304_D04_
BLW 

Blank Water 
Specimen 

DNA/RNA 
Shield 

        

05 Lone Knoll Scarp 
EX2304_D05_
01W 

Deep 
Scattering 
Layer 

DNA/RNA 
Shield 

20230719 175510 53.5049 -164.1680 251.3 33.91 4.10 0.91 

05 Lone Knoll Scarp 
EX2304_D05_
02W 

On bottom 
DNA/RNA 
Shield 

20230719 192833 53.5047 -164.1704 2802.1 34.67 1.60 3.27 
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Dive 
# Site Name Sample # 

Field 
Identification 

Final 
Preservative 

Date  
(yyyymmdd) 

UTC Time 
(hhmmss) 

Latitude 
(dd) 

Longitude 
(dd) 

Depth 
(m) 

Salinity 
(ppt) 

Temp 
(oC) 

Dissolved 
Oxygen 
(mg/l) 

05 Lone Knoll Scarp 
EX2304_D05_
04W 

Sediment 
Plane 

DNA/RNA 
Shield 

20230719 214904 53.5086 -164.1734 2766.2 34.64 1.62 3.12 

05 Lone Knoll Scarp 
EX2304_D05_
05W 

 
DNA/RNA 
Shield 

20230719 221934 53.5072 -164.1699 2743.5 34.64 1.61 3.12 

05 Lone Knoll Scarp 
EX2304_D05_
BLW 

Blank Water 
Specimen 

DNA/RNA 
Shield 

        

06 Uliaga Mound 
EX2304_D06_
01W 

Deep 
Scattering 
Layer 

DNA/RNA 
Shield 

20230721 191140 53.2931 -169.7754 281.6 33.72 4.00 3.16 

06 Uliaga Mound 
EX2304_D06_
BLW 

Blank Water 
Specimen 

DNA/RNA 
Shield 

        

07 
Uliaga Mound 
Take 2 

EX2304_D07_
01W 

Deep 
Scattering 
Layer 

DNA/RNA 
Shield 

20230723 170339 53.2943 -169.7715 180.9 33.41 4.11 6.67 

07 
Uliaga Mound 
Take 2 

EX2304_D07_
02W 

Lower Deep 
Scattering 
50m off 
bottom 

DNA/RNA 
Shield 

20230723 172935 53.2934 -169.7749 754.1 34.11 3.53 0.92 

07 
Uliaga Mound 
Take 2 

EX2304_D07_
06W 

 
DNA/RNA 
Shield 

20230723 210038 53.2928 -169.7782 668.1 34.14 3.45 0.85 

07 
Uliaga Mound 
Take 2 

EX2304_D07_
10W 

600m depth 
DNA/RNA 
Shield 

20230723 230704 53.29198 -169.7796 595.3 34.08 3.55 1.05 

07 
Uliaga Mound 
Take 2 

EX2304_D07_
12W 

End of Dive 
DNA/RNA 
Shield 

20230724 000803 53.2914 -169.7804 531.1 34.07 3.57 1.05 

07 
Uliaga Mound 
Take 2 

EX2304_D07_
BLW 

Blank Water 
Specimen 

DNA/RNA 
Shield 

        

08 Umnak Canyon 
EX2304_D08_
01W 

Deep 
Scattering 
Layer 

DNA/RNA 
Shield 

20230724 164738 53.5010 -168.8139 200.1 33.54 4.24 4.65 

08 Umnak Canyon 
EX2304_D08_
02W 

50m off 
bottom 

DNA/RNA 
Shield 

20230724 173503 53.5006 -168.8184 1425.3 34.47 2.33 1.04 

08 Umnak Canyon 
EX2304_D08_
06W 

Coming off 
bottom 

DNA/RNA 
Shield 

20230724 205716 53.4995 -168.8150 1428.7 34.47 2.33 1.04 
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Dive 
# Site Name Sample # 

Field 
Identification 

Final 
Preservative 

Date  
(yyyymmdd) 

UTC Time 
(hhmmss) 

Latitude 
(dd) 

Longitude 
(dd) 

Depth 
(m) 

Salinity 
(ppt) 

Temp 
(oC) 

Dissolved 
Oxygen 
(mg/l) 

08 Umnak Canyon 
EX2304_D08_
BLW 

Blank Water 
Specimen 

DNA/RNA 
Shield 
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