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Abstract 

From March 7 to 29, 2017, the National Oceanic and Atmospheric Administration (NOAA) Office 
of Ocean Exploration and Research (OER) and partners conducted a 23-day, telepresence-
enabled expedition on NOAA Ship Okeanos Explorer to collect critical baseline data and 
information about unknown and poorly understood deepwater areas surrounding the Howland 
and Baker Unit of the Pacific Remote Islands Marine National Monument (PRIMNM), the 
Republic of Kiribati’s Phoenix Islands Protected Area (PIPA), and around New Zealand’s Territory 
of Tokelau as a part of a three-year Campaign to Address Pacific monument Science, 
Technology, and Ocean NEeds (CAPSTONE). The goal of the expedition was to use remotely 
operated vehicle (ROV) dives in combination with mapping operations to increase scientific 
understanding of deep-sea ecosystems of this region, as well as to provide a foundation of 
publicly-accessible data to support further exploration, research, and management activities.   

Using OER’s dual-body ROV, the expedition conducted 19 ROV dives that ranged in depth from 
300 to 5,862.9 meters. Hundreds of species were observed, including first-time in situ 
observations of some species and previously unseen behaviors of others; several significant 
range extensions were also documented. During the expedition, 171 total samples were 
collected from both biological and geological samples with 80 biological samples collected (38 
primary 128 associated and commensal taxa), some of which may be undescribed species. 
While five rock samples were collected for geological composition analysis and age dating. 
During the expedition, over 30,100 square kilometers were mapped using high-resolution 
sonars, including areas with previously limited seafloor mapping.  

All data collected during the expedition, including video, environmental, mapping, 
oceanographic, and meteorological data, have been made publically available through the 
national archives.  
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1. Introduction 

By leading national efforts to explore the ocean and make ocean exploration more accessible, 
the NOAA Office of Ocean Exploration and Research (OER) is filling gaps in basic understanding 
of deep waters and the seafloor, providing deep-ocean data, information, and awareness. 
Exploration within the U.S. Exclusive Economic Zone (EEZ) and international waters was 
conducted as part of the three-year Campaign to Address Pacific monument Science, 
Technology, and Ocean NEeds (CAPSTONE), a foundational science initiative to collect 
deepwater baseline information to support science and management decisions in and around 
the U.S. marine protected areas in the central and western Pacific. This effort supported key 
NOAA, national, and international goals to better understand and manage the ocean and its 
resources.    

Using the latest tools and technology, OER explores unknown areas of the deep ocean. NOAA 
Ship Okeanos Explorer is one such tool. Working in close collaboration with government 
agencies, academic institutions, and other partners, OER conducts deep-sea exploration 
expeditions using advanced technologies on Okeanos Explorer, mapping and exploring 
unknown or poorly understood areas of the ocean. . Collected data about deep waters and the 
seafloor—and the resources they hold—establishes a foundation of information and fills gaps in 
the unknown.  

All data collected during Okeanos Explorer expeditions adhere to federal open-access data 
standards and are publicly available shortly after an expedition ends. This ensures the delivery 
of reliable scientific data needed to identify, understand, and manage key elements of the 
ocean environment.  

Exploring, mapping, and characterizing in and around the U.S. EEZ are necessary for a 
systematic and efficient approach to advancing the development of ocean resources, 
promoting the protection of the marine environment, and accelerating the economy, health, 
and security of our nation. As the only federal program dedicated to ocean exploration, OER is 
uniquely situated to lead partners in delivering critical deep-ocean information to managers, 
decision makers, scientists, and the public, leveraging federal investments to meet national 
priorities. 

1.1 CAPSTONE 

Data collected during expeditions on Okeanos Explorer from 2015-2017 directly contributed to 
the three-year CAPSTONE initiative 
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(https://oceanexplorer.noaa.gov/okeanos/explorations/capstone/welcome.html, Last accessed 
March 2021) to collect deepwater baseline data and information to support science and 
management decisions in and around U.S. Marine National Monuments and Sanctuaries 
located throughout the Pacific. This initiative served as an opportunity for NOAA and the nation 
to highlight the uniqueness and importance of these designated areas. The primary goal of all 
Okeanos Explorer expeditions in this campaign was to obtain baseline characterizations of the 
poorly known deepwater areas and resources in these extensive marine protected areas 
(MPAs). 

2. Expedition Overview 

From 7, March, 2017 to 29, March, 2017, OER and partners conducted a telepresence-enabled 
ocean exploration expedition on Okeanos Explorer to collect critical baseline data and 
information, and to improve knowledge about unexplored and poorly understood deepwater 
areas of the Pacific Remote Islands Marine National Monument (PRIMNM), the Republic of 
Kiribati’s Phoenix Islands Protected Area (PIPA), and New Zealand’s Territory of Tokelau—all of 
which are found in the central and western Pacific. The Discovering the Deep: Exploring Remote 
Pacific Marine Protected Areas expedition (EX-17-03) was part of a series of expeditions 
contributing to the CAPSTONE campaign. 

2.1 Rationale for Exploration 

The PRIMNM was established by President Bush in January 2009 through Presidential 
Proclamation 8336, and then expanded upon by President Obama in September 2014 with 
Presidential Proclamation 9173. The area, jointly managed by NOAA and the U.S. Fish and 
Wildlife Service (USFW), now covers 495,189 square miles (1,282,534 square kilometers) in the 
central Pacific Ocean. The NOAA Pacific Islands Fisheries Science Center's (PIFSC’s) Rapid 
Assessment and Monitoring Program (RAMP) has conducted near-shore and shallow-water 
ecosystem assessments of the area since 2000, establishing baseline ecosystem assessments 
and initiating long-term monitoring trends for these unexplored areas. However, this 
expedition was the first to explore the deep-sea ecosystem of the PRIMNM.As part of the 
planning for this expedition, NOAA collaborated with the scientific and management 
community to assess the exploration needs and data gaps in unknown and poorly understood 
areas of this region.   

Data and information from this expedition will help to improve scientific understanding of the 
deep-ocean habitats of the central and western Pacific within and around the PRIMNM, the 
PIPA, and Tokelau—and will broaden scientific understanding of marine life, ecosystem 
functions, and climate change processes. They will also inform deep-sea management plans for 

https://oceanexplorer.noaa.gov/okeanos/explorations/capstone/welcome.html
http://www.fpir.noaa.gov/Library/MNM/Proclamation%208336%20-%20PRIA.pdf
http://www.fpir.noaa.gov/Library/MNM/2014-23319.pdf
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habitat areas of particular concern (HAPCs), MPAs, 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. 

2.2 Objectives  

Operations for this cruise were conducted 24 hours per day and included exploration within 
several MPAs. The expedition commenced on March 7, 2017, in Āpia, Sāmoa (13°51.03' S, 
171°45.08'W, and concluded on March 29, 2017, in Āpia, Sāmoa. Exploration mapping occurred 
in Tokelau waters, the PIPA, the Howland and Baker Unit of the PRIMNM, the National Marine 
Sanctuary of American Sāmoa (NMSAS), and within the waters of the Independent State of 
Sāmoa. This expedition helped to establish a baseline of data and information in the region to 
catalyze further exploration, research, and management activities. 

NOAA Ship Okeanos Explorer cruises, in general, have a large number of objectives that can be 
categorized as being either scientific or programmatic in nature. Typically, science objectives 
are specific to a particular cruise or set of cruises, whereas programmatic objectives (i.e., 
operations, telepresence, data management, and education and outreach) are mostly common 
to all cruises. Below are brief descriptions of the science and programmatic objectives for EX-
17-03. 

2.2.1 Science Objectives  

The expedition addressed scientific themes and priority areas put forward by NOAA scientists 
and resource managers, BOEM, USGS, and the broad ocean science community indicated in the 
EX-17-03 Project Instructions found at https://repository.library.noaa.gov/view/noaa/14789 
(Last accessed December 2020). The primary objective of the expedition was to survey 
deepwater areas offshore, within, and around the PRIMNM and the PIPA to provide baseline 
data and information to support science and management needs. Specifically, this expedition 
sought to:  

● Acquire data to support priority Monument and Sanctuaries science and management 
needs, including habitat surveys in recently expanded boundary areas. 

● Identify and characterize vulnerable marine habitats—particularly potential locations for 
high-density deep-sea coral and sponge communities. 

● Explored seamounts within the Prime Crust Zone (PCZ). The PCZ is the area of the Pacific 
with the highest expected concentration of deep-sea minerals, including rare metals and 
rare earth elements. 

https://repository.library.noaa.gov/view/noaa/14789
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● Collect information on the geologic history of central Pacific seamounts, including those 
that are—or may be—relevant to scientific understanding of plate tectonics and 
subduction zone biology and geology. 

● Provide a foundation of publicly-accessible data and information products to spur 
further exploration, research, and management activities. 

● Collect high-resolution bathymetry in areas with no or low-quality mapping data. 
● Acquire a foundation of ROV, sonar, and oceanographic data to better understand the 

characteristics of the water column and fauna that live there. 
● Engage a broad spectrum of the scientific community and the public in telepresence-

based exploration. 
 

2.2.2 Programmatic Objectives 

Mapping and ROV Operations 
Mapping objectives during each NOAA Ship Okeanos Explorer cruise were to collect high-
resolution acoustic data. Data were collected from all four types of sonars on the ship: EM 302 
multibeam, EK60 echo sounder, 3.5 kHz sub-bottom profiler (SBP), and acoustic Doppler 
current profilers (ADCPs). Mapping data were acquired during transits, as well as on specific 
targets identified by the science team. Data from these systems were processed as quickly as 
possible in order to generate daily mapping products that supported ROV operations. Data 
quality was high, as a result of proper instrument maintenance, careful planning of the surveys, 
and appropriate calibration of the instruments. The standard operating procedure (SOP) for the 
multibeam sonar is to obtain sound velocity profiles at regular intervals—no longer than six 
hours—using expendable bathythermographs (XBTs). 

ROV objectives were to obtain high-quality video and sensor data on exploration targets to 
achieve the science objectives. This most often involved surveying benthic habitats and 
features in priority areas (e.g., deep corals and related benthic ecosystems, canyons, and 
seamounts), as well as occasionally surveying in midwater for water column organisms. Benthic 
surveys were not only used to characterize the habitats in each target area, but also to ground 
truth the acoustic data with visual data (i.e., video). Additionally, limited sampling operations 
were conducted to target potential new species, new records, rare morphotypes, or other 
biological and geological samples that were needed to gain a better understanding of the dive 
site.  

Telepresence 
Telepresence objectives were to provide real-time, high-quality video and audio during ROV 
dives to as wide a shoreside audience as possible. This audience included the general public, 
students, and a globally distributed shore-based science teamTelepresence was used to help 
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achieve the science objectives by extending the science team well beyond those onboard the 
ship. Shorebase scientists actively engaged with the at-sea team via teleconference or instant 
messaging (Cantwell et al, 2020).  Telepresence also helped to achieve the expedition’s 
education and outreach objectives through live ship-to-shore events. 

Data Management 
Data management objectives were to collect, process, distribute, and archive cruise data as 
quickly and efficiently as possible. Effective data management provided a foundation of 
publicly-accessible information products to spur further exploration, research, and 
management activities; it also stimulated interest in the deep-sea environment and the 
excitement of exploration.  

Education and Outreach 
Education and outreach objectives included the engagement of the general public in ocean 
exploration through live video and a variety of other web-based products, both during and after 
each cruise. Web content included topical essays written before the cruise, daily updates, 
mission logs, highlight videos, still imagery, and mapping products—all of which are posted on 
the OER expedition website at 
https://oceanexplorer.noaa.gov/okeanos/explorations/ex1703/welcome.html (Last accessed 
March 2021). Additional activities, including live telepresence events and ship tours, helped to 
expand the reach of this expedition and are summarized in section 8. 

3. Participants 
EX-17-03 included onboard mission personnel as well as shore-based science personnel who 
participated remotely via telepresence technology. See Table 1 and Table 2 for lists of onboard 
and shore-based personnel who supported EX-17-03. 

Table 1. EX-17-03 onboard mission team personnel.  

Name (First, Last) Title Affiliation 

Brian Kennedy Expedition Coordinator OER 

Amanda Demopoulos 
 Biology Science Lead USGS 

Steven Auscavitch Biology Science Lead UCAR/Temple 
 

Katharine Weathers 
 Sample Data Manager NOAA National Centers for Environmental 

Information (NCEI) 

Derek Sowers Mapping Lead OER/ERT, Inc. 

https://oceanexplorer.noaa.gov/okeanos/explorations/ex1703/welcome.html
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Jason Meyer Mapping Watch Lead University Corporation for Atmospheric Research 
(UCAR) 

Karl McLetchie Engineering Team Global Foundation for Ocean Exploration (GFOE) 

Fernando Aragon Engineering Team GFOE 

David Casagrande Engineering Team GFOE 

Andy Lister Engineering Team GFOE 

Levi Unema Engineering Team GFOE 

Jeff Laning Engineering Team GFOE 

Andrew O’Brien Engineering Team GFOE 

Sean Kennison Engineering Team GFOE 

Don Liberatore Engineering Team GFOE 

Annie White Engineering Team GFOE 

Joe Biscotti Engineering Team GFOE 

Emily Narrow Engineering Team GFOE 

Chris Ritter Engineering Team GFOE 

Caitlin Bailey Engineering Team GFOE 

Roland Brian Engineering Team GFOE 

Adrienne Copeland Web Coordinator OER 

LTJG Nikolai Pawlenko Expedition Coordinator Trainee OER 

 

Table 2. EX-17-03 shore-based science team members.  
Name Email Affliction 

Abby Lapointe  abbylap@hawaii.edu University of Hawaiʻi at Mānoa (UH) 

Adrienne Copeland adrienne.copeland@noaa.gov OER 

Amanda Demopoulos  ademopoulos@usgs.gov  
 

USGS  

Amy BacoTaylor abacotaylor@fsu.edu  Florida State University (FSU)  

Andrea Quattrini  aquattrini@g.hmc.edu Harvey Mudd College  

Allen Andrews  allen.andrews@noaa.gov NMFS PIFSC  

 Asako Matsumoto amatsu@gorgonian.jp Chiba Institute of Technology (CIT) 

Andrea Pierce   apierce@aquariumteam.com UnderWater World Guam  

Amy Bowman amy.bowman@noaa.gov OER 

Alan Leonardi alan.leonardi@noaa.gov OER 
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Amanda Netburn amanda.netburn@noaa.gov OER 

Benjamin Frable 
 bfrable@ucsd.edu Scripps Institution of Oceanography 

(SIO)  

Brian Kennedy brian.kennedy@noaa.gov OER 

Bruce Mundy  bruce.mundy@noaa.gov NOAA NMFS PIFSC  

Brendan Roak  broark@geos.tamu.edu Texas A&M University (TAMU)  

Chris Mah  

brisinga@gmail.com Department of Invertebrate Zoology, 
National Museum of Natural History 

(USNM) Smithsonian Institution  

Christopher Kelley  ckelley@hawaii.edu UH 

Deborah Glickson  
dglickson@nas.edu National Academies of Sciences, 

Engineering, and Medicine 

 Del Bohnenstieh  drbohnen@ncsu.edu North Carolina State University  

Dhugal Lindsay  
dhugal@jamstec.go.jp Japan Agency for Marine-Earth 

Science and Technology (JAMSTEC) 

Erik Cordes  
ecordes@temple.edu 

 
Temple University  

Erin Easton  
erineeaston@gmail.com Ecology and Sustainable Management 

of Oceanic Islands 

Jaymes Awbrey  
jawbrey@louisiana.edu University of Louisiana at Lafayette 

(ULL) 

Jill Bourque  
jbourque@usgs.gov USGS Wetland and Aquatic Research 

Center  

John Smith  
jrsmith@hawaii.edu UH School of Ocean & Earth Science & 

Technology (SOEST)  

Katharine Weathers  katharine.weathers@no aa.gov NOAA 

Kevin Kocot  kmkocot@ua.edu University of Alabama  

Ken Sulak  

ksulak@usgs.gov USGS emeritus 

Kristen Mello klx97@wildcats.unh.edu University of New Hampshire (UNH)  

Les Watling  watling@hawaii.edu UH  

Malcolm Clark  

malcolm.clark@niwa.co.nz New Zealand National Institute of 
Water and Atmospheric Research 

(NIWA)  

Mary Wicksten  Wicksten@bio.tamu.edu TAMU  

 Matthew Jackson  
jackson@geol.ucsb.edu University of California, Santa Barbara 

(UCSB)  

Mike Ford  michael.ford@noaa.gov NOAA NMFS  

Michael Parke  michael.parke@noaa.gov  NOAA PIFSC  

Natalie Summers  nsummers@hawaii.edu UH  

Nicole Morgan  nmorgan@fsu.edu FSU  

Nolan Barrett  
barrettnh@g.cofc.edu Florida Atlantic University (FAU) 

Harbor Branch Oceanographic 
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Institute (HBOI) 

Peter Auster  
peter.auster@uconn.edu Mystic Aquarium & University of 

Connecticut (UConn)  

Randi Rotjan  rrotjan@bu.edu Boston University  

 Reinhard Andrew  reinhard@umail.ucsb.edu UCSB  

Santiago Herrera sherrera@alum.mit.edu Lehigh University  

Scott France  france@louisiana.edu ULL  

Shirley Pomponi  spomponi@fau.edu FAU HBOI  

Sonia Rowley  srowley@hawaii.edu UH  

Steve Auscavitch  steven.auscavitch@temple.edu Temple University  

 Tara Harmer Luke  luket@stockton.edu  Luke Stockton University  

Taylor Heyl  
theyl@whoi.edu Woods Holde Oceanographic 

Institution (WHOI) 

Timothy Shank  tshank@whoi.edu WHOI  

Tina Molodtsova  
tina.molodtsova@gmail.com P.P. Shirshov Institute of Oceanology 

Russian Academy of Sciences (RAS)  

Jan Witting jwitting@sea.edu  Sea Education Association  

4. Methodology 
To accomplish its objectives, EX-17-03 used the: 

● Dual-bodied ROV system (ROVs Deep Discoverer and Seirios) to conduct daytime 
seafloor and water column surveys, as well as to collect a limited number of samples to 
help further characterize the deepwater fauna and geology of the region. 

● Sonar systems (Kongsberg EM 302 multibeam sonar, Knudsen 3260 SBP, Simrad EK60 
split-beam sonars, and Teledyne ADCPs) to conduct mapping operations at night and 
when the ROVs were on deck. 

● High-bandwidth satellite connection to provide real-time ship-to-shore communications 
(telepresence).  

All ROV and Mapping data collected by NOAA were covered by a data management plan 
(Appendix A) to ensure they are archived and publicly accessible. 4.1 ROV Seafloor Surveys 

ROV dive operations supported the expedition objectives in Section 2.2 and included high-
resolution visual surveys of seafloor as well as geological and biological sampling. During each 
dive, the ROVs descended to the seafloor and then moved from waypoint to waypoint, 
documenting the geology and biology of the area. Each ROV dive was approximately 7.5-10 
hours, conditions and logistics permitting. Dives were primarily conducted during the day 



               15 

 

(operations described in detail by Quattrini et al., 2015, and Kennedy et al., 2019). Additional 
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).  

Onboard and shore-based scientists identified each encountered organism to the lowest taxon 
possible based on data available during real-time assessment that was generally tracked in the 
Eventlog. Additionally, they provided geological interpretations of the observed substrate 
throughout each ROV seafloor survey. These geological and biological observations were 
recorded using SeaScribe as the primary annotation tool with Ocean Networks Canada’s 
SeaTube. 

4.2 Sampling Operations 

A limited number of geological and biological samples were collected on the seafloor using the 
manipulator arms and biological and geological collection boxes on ROV Deep Discoverer. For 
each collected specimen, the date, time, latitude, longitude, depth, salinity, temperature, and 
dissolved oxygen content were recorded at the time of collection. Geological specimen 
collections targeted samples for age dating and geochemical composition. Biological specimen 
collections targeted samples that represented potential new species, range extensions of 
animals not previously known to occur in the region, or dominant species in the area.  
 
For each sample collected, the date, time, latitude, longitude, depth, salinity, temperature, and 
dissolved oxygen (DO) content were recorded at the time of collection. Geological samples 
were acquired for age dating and geochemical composition analysis. Biological collections 
targeted samples that represented potential new species, range extensions of animals not 
previously known to occur in the region, dominant species at the site, and/or rare 
morphotypes. Samples targeted to contribute to central and western Pacific connectivity 
studies were also collected.  

After vehicle recovery, samples were examined for associated organisms, labeled, 
photographed, and entered into a database with all relevant metadata. Any associated 
organisms found were separated from primary samples and processed separately as 
“commensal” samples.  

Geological samples were air dried and placed in rock bags or small containers, depending on 
the size of the sample. These samples were shipped to the Marine and Geological Repository at 
Oregon State University (OSU) after the conclusion of the 2017 expeditions. The samples were 
photographed and their data were entered into the university’s online database. Thin and 
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polished sections have been made for each hard-rock sample. Descriptions and photos were 
included in the database.  

Once specimens were brought back onto the deck of the ship, they were examined for 
commensal organisms, labeled, photographed, and inventoried into a database containing all 
relevant metadata. Any commensal organisms found were separated from the sample and 
processed separately. Geological samples were air dried and placed in rock bags. These samples 
were then shipped to the Marine Geology Repository at Oregon State University after the 2017 
expeditions, where they were analyzed in the laboratory for their chemical composition and 
geologic age. Biological samples were processed for DNA extractions using a kit provided by the 
Ocean Genome Legacy (OGL). For this purpose, a small subsample, consisting of not more than 
1 cm2 of tissue, was removed from the original sample and processed using the OGL DNA 
extraction kit. For most collected specimens, the remainder of the biological sample was 
preserved in 95% ethanol. Some of these specimens were also frozen. For select taxa, vouchers 
or subsamples were preserved in 10% buffered formalin for future histological examinations, 
with some of the subsamples transferred to 70% ethanol after three days. Full details about 
specimens collected during EX1703 can be found in Section 7.2.1.   
 
At the conclusion of the 2017 expeditions, all DNA samples were sent to OGL for DNA 
sequencing and storage, whereas the biological specimens preserved in ethanol and formalin 
will be sent to the National Museum of Natural History, Smithsonian Institution, for taxonomic 
identification and permanent storage. Some corals and sponges may also be subsampled for 
accession at the Bernice Pauahi Bishop Museum in Honolulu, Hawai'i. 

4.3 Acoustic Operations 

Acoustic operations included Kongsberg EM 302 multibeam, Simrad EK60 split-beam, Knudsen 
SBP, and ADCP data collection all found in the EX-17-03 mapping data report. 
(https://repository.library.noaa.gov/view/noaa/14853, Last accessed March 2021). The 
schedule of mapping operations included overnight transits and whenever the ROVs were on 
deck. Lines were planned to maximize edge matching of existing data or filling of data gaps in 
areas with incomplete bathymetry coverage. In regions with no existing data, exploration 
transit lines were planned to optimize potential discoveries. Targeted mapping operations were 
conducted EX-17-03 in the vicinity of (1) American Sāmoa, (2) the Independent State of Sāmoa, 
(3) New Zealand’s Territory of Tokelau, (4) the Republic of Kiribati’s PIPA, and (5) the U.S. EEZ 
around the Howland and Baker Unit of the PRIMNM. 

https://repository.library.noaa.gov/view/noaa/14853
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4.3.1 Multibeam Sonar (Kongsberg EM 302) 

Multibeam seafloor mapping data were collected using the Kongsberg EM 302 sonar, which 
operates at a frequency of 30 kilohertz (kHz). Multibeam mapping operations were conducted 
during all overnight transits between ROV dive sites. Multibeam data quality was monitored in 
real time by acquisition watchstanders. Ship speed was adjusted to maintain data quality as 
necessary.  

Whenever possible, transits were designed to maximize coverage over seafloor areas with no 
previous high-resolution mapping data. In these focus areas, line spacing was generally planned 
to ensure 30% overlap between lines at all times. Cutoff angles in the Seafloor Information 
System (SIS) software were generally adjusted on both the port and starboard sides to ensure 
the best balance between data quality and coverage. Overnight surveys were also completed in 
areas that were previously mapped with a lower-resolution multibeam sonar system.  

Additionally, multibeam mapping operations were conducted directly over planned ROV dive 
sites to collect seafloor mapping data to help refine dive plans. These operations collected data 
about seafloor depth (i.e., bathymetry), seafloor acoustic reflectivity (i.e., seafloor backscatter), 
and water column reflectivity (i.e., water column backscatter). 

Background data used to guide exploratory multibeam mapping operations included mapping 
data collected during Okeanos Explorer cruises, notably EX-17-01, the SRTM30 grid, and all 
multibeam data archived with NOAA’s National Center for Environmental Information (NCEI). 
Some dive planning and mapping operations were conducted using bathymetric grids created 
using all available bathymetry archived at NCEI and their AutoGrid tool. Smith and Sandwell 
(1997) satellite altimetry data were also used to plan operations. 

4.3.2 Sub-Bottom Profiler (Knudsen Chirp 3260)  

The primary purpose of the Knudsen Chirp 3260 (3.5 kHz) sonar is to image sediment layers 
underneath the seafloor to a maximum depth of about 80 m below the seafloor, depending on 
the specific sound velocity of the substrate. The SBP was operated simultaneously with the 
multibeam sonar during mapping operations to provide supplemental information about the 
sedimentary features underlying the seafloor.    

4.3.3 Split-Beam Sonars (Simrad EK60) 

NOAA Ship Okeanos Explorer is equipped with five Kongsberg EK60 split-beam sonar 
transducers operated at frequencies of 18, 38, 70, 120 and 200 kHz. These sonars were used 
continuously (aside from the 38 kHz, which interferes with the multibeam during mapping 
operations) throughout the cruise during both overnight mapping operations and daytime ROV 
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operations. The sonars provided calibrated target strength measurements on water column 
features such as dense biological layers or schools of fish.  

4.3.4 Acoustic Doppler Current Profiler (Teledyne Workhorse Mariner and Teledyne Ocean 
Surveyor ADCPs) 

Okeanos Explorer is equipped with two ADCPs: a Teledyne Workhorse Mariner (300 kHz) and a 
Teledyne Ocean Surveyor (38 kHz). However, only the 300 kHz ADCP was operational during 
this expedition. This ADCP had a reliable range of approximately 60 meters throughout the 
expedition and provided information on the speed and direction of currents underneath the 
ship. They were used throughout ROV dives to support safe deployment and recovery of the 
vehicles.  

4.3.5 Expendable Bathythermograph (XBT) Systems 

XBTs were collected every six hours and applied in real time using SIS. Sound speed at the sonar 
head was determined using sound speed from a flow-through thermosalinograph (TSG). 

4.4 Post-cruise Scientific Annotations 

At the conclusion of EX1703, a detailed analysis and quality assurance/ quality control of the 
ROV video  collected was carried out at the University of Hawai‘i’s Hawaii Undersea Research 
Laboratory (HURL), under the direction of Dr. Christopher Kelley (supported by NOAA’s Deep 
Sea Coral Research and Technology Program). The annotation creation process analyzed video 
from benthic exploration using Video Annotation and Reference System (VARS), created by the 
Monterey Bay Aquarium Research Institute and customized for the University of Hawai‘i. VARS 
was used to generate records of animals from ROV dive video captured while on the seafloor. 
Animal records were catalogued and characterized with their in situ environmental data 
including habitat, substrate, water chemistry, and geographic location. Animals were identified 
using the OER Benthic Deepwater Animal Identification Guide 
(https://oceanexplorer.noaa.gov/okeanos/animal_guide/animal_guide.html, Last accessed 
March 18, 2021).  

Additional information about the annotations collected during CAPSTONE expeditions can be 
found in Kennedy et al., 2019.  

4.5 Eventlog 

During ROV dives, participating researchers communicate between ship and shore using the 
Eventlog. The Eventlog is a persistent chat room where all comments, discussions, and requests 
are logged and provided a UTC timestamp that can later be correlated to the operations, 

https://oceanexplorer.noaa.gov/okeanos/animal_guide/animal_guide.html
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location, and data feeds collected by the ship. The chat server facilitates the first-order 
annotation of cruise activities, serving as a digital version of scientists’ daily logs and enabling 
input from multiple users. Eventlog users were encouraged to use “dive codes”, which are 
three-to-five letter shorthand codes that are used to standardize and speed the recording of 
observations in the Eventlog. The dive codes are included in Appendix B. 

4.4 Conductivity, Temperature, and Depth (CTD) 

During OER’s Okeanos Explorer expeditions, CTD measurements are normally collected by two 
different methods. The most frequent method, which was conducted on this expedition, is with 
the integrated ROV CTD system. This system records CTD and associated sensors on every ROV 
dive. Additional sensors installed on both of the CTDs include measured light scattering sensor 
(LSS), DO, and oxygen reduction potential (ORP). 

4.5 Sun Photometer Measurements 

OER gathers limited at-sea measurements aboard Okeanos Explorer to support a National 
Aeronautics and Space Administration (NASA)-led, long-term research effort that assesses 
marine aerosols. As time allowed on cloud-free days, onboard personnel collected 
georeferenced sun photometer measurements 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. More information about this NASA Survey 
of Opportunity can be found in Appendix C. 

5. Clearances and Permits 
OER consulted with the Independent State of Sāmoa’s Ministry of Foreign Affairs and Trade 
(MFAT) to conduct marine scientific research (MSR) in areas requiring consent within the 
PRIMNM and PIPA during the period of February 2017 to April 2017 for the Okeanos Explorer. 
OER received a letter of acknowledgement on January 23, 2017 (Appendix D). The Independent 
State of Sāmoa’s Ministry of Natural Resources and Environment (MNRE) fully supported the 
research of seafloor mapping operations, ensuring it would provide reliable and useful 
information—primarily in areas where high-resolution bathymetry data did not exist and in 
areas of interest to the Independent State of Sāmoa—by consenting to permits for the 
collection of Samoan biological and non-biological resources (Appendix E and Appendix F) as a 
part of the initial scientific collection permit for the 2017 CAPSTONE American Sāmoa 
expedition. 
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Pursuant to the National Environmental Policy Act (NEPA), OER is required to include in its 
planning and decision-making processes appropriate and careful consideration of the potential 
environmental consequences of actions it proposes to fund, authorize, and/or conduct. The 
companion manual (https://www.nepa.noaa.gov/docs/NOAA-NAO-216-6A-Companion-
Manual-01132017.pdf) for NOAA Administrative Order 216-6A describes the agency’s specific 
procedures for NEPA compliance.   

An environmental review memorandum was completed for all Okeanos Explorer expeditions in 
2017 in accordance with Section 4 of the companion manual in the form of a categorical 
exclusion worksheet (Appendix H). Based on this review, a categorical exclusion was 
determined to be the appropriate level of NEPA analysis necessary, as no extraordinary 
circumstances existed that required the preparation of an environmental assessment or 
environmental impact statement.  

OER conducted an analysis on the potential impacts to marine mammal species as a result of 
Okeanos Explorer’s oceanographic research and seafloor mapping under the Marine Mammal 
Protection Act (MMPA). It was determined that, due to the high-frequencies, narrow 
beamwidths, relatively low source levels of the onboard sonars, and transient nature of the 
expeditions, it is unlikely that activities aboard Okeanos Explorer would meet the definition of 
harassment under the MMPA. 

As required under Section 7 of the Endangered Species Act (ESA), OER conducted an informal 
consultation with the NMFS Office of Protected Resources to request their concurrence with 
OER’s biological evaluation determining that Okeanos Explorer operations conducted as part of 
CAPESTONE may affect, but are not likely to adversely affect, ESA-listed marine species. In a 
letter (Appendix I) from the NOAA Pacific Islands Regional Office (PIRO), the chief of the ESA 
Interagency Cooperation Division in the NMFS Office of Protected Resources wrote that NMFS 
concurs with OER’s determination that proposed CAPSTONE expeditions are not likely to 
adversely affect ESA-listed marine species.  

In addition, OER consulted with ONMS and NMSAS on potential impacts of CAPSTONE 
operations to essential fish habitat (EFH) in the Independent State of Sāmoa, American Sāmoa, 
PRINMN, and PIPA regions, issuing permits for work in American Sāmoa on January 19, 2017 
(Appendix G), and on November 30, 2016 (Appendix J), which cover activities within the region.  

6. Schedule and Map 
EX-17-03 was a total of 23 days at sea, from March 7, 2017, to March 29, 2017. It departed 
from Āpia, Sāmoa, and returned to port in Āpia, Sāmoa. See Table 3 for a day-by-day 
breakdown of EX-17-03. There were 19 scheduled dives, with nine of these dives within the U.S. 

https://www.nepa.noaa.gov/docs/NOAA-NAO-216-6A-Companion-Manual-01132017.pdf
https://www.nepa.noaa.gov/docs/NOAA-NAO-216-6A-Companion-Manual-01132017.pdf
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waters (see Table 6 for details). See Figure 1 for a map of EX-17-03's track, dive sites, and 
bathymetry collected. 

Table 3. EX-17-03 schedule.  

Sunday Monday Tuesday Wednesday Thursday Friday Saturday 

3/5 
 

3/6 
 
 

3/7 
Mobilization at 
Āpia, Sāmoa 

3/8 
Dive 01: Swains 
Atoll 

3/9 
Okeanos 
Explorer began 
transiting from 
Swains Island to 
Pao Pao 
Seamount in 
the Tokelau 
Seamount 
Chain. 

3/10 
Dive 02: Pao 
Pao Seamount 
 
First dive in 
the Tokelau 
Seamount 
Chain. 
 
Overnight 
Mapping 

3/11 
Dive 03: 
Carondelet 
Reef 
 
Southwest 
ridge of 
Carondelet 
Reef within 
the PIPA.  
 
Overnight 
Mapping 

3/12 
Dive 04: 
Unnamed 
Seamount 1 
PIPA 
(“Athena”) 
 
Unnamed 
seamount in 
the Tokelau 
Seamount 
Chain. It was 
the second 
dive within the 
PIPA. 
 
Overnight 
Mapping 

3/13 
Dive 05: Polo 
Seamount 
 
Dive was on Polo 
Seamount, in the 
Tokelau 
Seamount Chain, 
and was the third 
dive within the 
PIPA. 
 
Overnight 
Mapping 
 

3/14 
Dive 06: 
Unnamed 
Seamount West 
of Winslow Reef  
 
This dive, west of 
the Winslow 
Reef complex, 
was within the 
U.S. EEZ. 
 
Overnight 
Mapping 

3/15 
Dive 07: Titov 
Seamount 1 
 
Titov Seamount 
was the first dive 
within the 
PRIMNM.  
 
Overnight 
Mapping 

3/16 
Dive 08: Baker 
Island Shallow 
 
Dive along the 
NW ridge of 
Baker Island in 
the PRIMNM. 
 
Overnight 
Mapping 
 
 

3/17 
Dive 09: 
Howland 
Island Deep 1 
 
The deepest 
dive at 
Howland 
Island in the 
PRIMNM. 
 
Overnight 
Mapping 
 
 

3/18 
Dive 10: 
Howland 
Island Shallow 
 
The fourth 
dive within 
the PRIMNM 
traversed the 
north slope of 
Howland 
Island. 
 
Overnight 
Mapping 

3/19 
Dive 11: 
Howland 
Island Deep 2 
 
This dive 
continued the 
dive track from 
Dive 09, 
transiting a 
ridge feature 
at Howland 
Island in the 
PRIMNM. 
 
Overnight 

3/20 
Dive 12: Baker 
Islands Deep  
 
In the vicinity of 
Baker Island, this 
dive explored 
along a steep 
slope on the 
southern ridge of 
Baker Island. 
 
Overnight 
Mapping 
 
 

3/21 
Dive 13: Titov 2 
 
This was the 
second dive at 
Titov Seamount. 
 
Overnight 
Mapping 
 

3/22 
Dive 14: 
Unnamed 
Seamount West 
of Winslow Reef 
PIPA 
 
This dive was on 
an unnamed 
seamount within 
the Winslow 
Reef Area in the 
PIPA. 
 
Overnight 
Mapping 

3/23  
Dive 15: 
Unnamed 
Seamount 
(“Teutana 
Seamount”) 
 
This dive was 
on an unnamed 
seamount and 
was the sixth 
dive within the 
PIPA.  
 
Overnight 
Mapping 

3/24 
Dive 16: Hadal 
Trough 
(“Kinono”) 
 
This was the 
deepest dive 
of the 
expedition, 
Southwest of 
the Phoenix 
Islands. 
 
Overnight 
Mapping 
 

3/25 
Dive 17: 
unnamed 
seamount 
(Maibua in 
Kiribati 
meaning 
“broken in 
two”)  
 
Steep slope 
along the 
western side 
of unnamed 
seamount 
north of 
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Mapping  
 

 Carondelet 
Reef within 
the PIPA. 
 
Overnight 
Mapping 

3/26 
Dive 18: 
unnamed 
seamount (“Te 
Kaitira”) 
 
This was the 
last dive within 
the PIPA, and 
it was 
conducted at 
the base of a 
steep wall on 
an unnamed 
seamount. 
 
Overnight 
Mapping 

3/27 
Dive 19: Ufiata 
Seamount 
 
This was the last 
dive of the 
expedition at the 
base of a steep 
slope at Ufiata 
Seamount, which 
is within the 
Tokelau 
Seamount Chain. 
 
Overnight 
Mapping 

3/28 
Mapping back to 
port at Āpia, 
Sāmoa 
 
Added EX-17-03 
data to previous 
mapping data in 
the area. 
 
Overnight 
Mapping 
 
 
 

3/29 
Expedition 
Complete 
 
Okeanos 
Explorer arrived 
back in Āpia, 
Sāmoa.  
 
 
 
 

   
 
 

 
The expedition focused on acquiring data about priority exploration areas identified by the 
ocean management and scientific communities, building on the previous PRIMNM and PIPA 
expeditions. The EX-17-03 expedition consisted of exploration of deep-sea coral and sponge 
communities, bottomfish habitats, undersea canyons, and a variety of chemosynthetic habitats 
including cold seeps, mud volcanoes, and brine pools. 
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Figure 1. Summary map showing EX-17-03’s track, 19 ROV dive sites, and bathymetry data collected.  

7. Results1 
Metrics for EX-17-03’s major exploration and scientific accomplishments are summarized in 
Table 4 and Table 5. More detailed results are presented in the subsections that follow.    

Table 4. Summary of exploration metrics for EX-17-03. 

Exploration Metrics Totals 

Days at sea 23 

Days at sea in U.S. EEZ 9 

Linear km mapped by EM 302 5,100 

Square km covered by EM 302 30,341 

                                                      
1 If you are unable to access the results noted here, contact ex.expeditioncoordinator@noaa.gov. 
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Square km covered by EM 302 in U.S. EEZ 11,292 

Vessel CTD casts 0 

XBT casts                                             46 

ROV dives 19 

ROV dives in U.S. EEZ 9 

Maximum ROV seafloor depth (m) 5862.9 

Minimum ROV seafloor depth (m) 300 

Total time on bottom (hh:mm:ss) 113:33:25 

Total ROV time (hh:mm:ss) 152:33:31 
 
Table 5. Summary of scientific metrics for EX-17-03.  

Scientific Metrics Totals 

Total samples  171 

Biological samples (primary) 38 

Biological associate samples  52 

Biological subsamples 76 

Geological samples 4 

Geological associate samples 1 

Actively participating scientists, students, and resource managers 48 

 

7.1 ROV Survey Results 

Depth ranges explored during the 19 ROV surveys were between 300 and 5,862.9 meters. 
During the 19 dives, the ROVs spent a total of 113:33:25 hours on the bottom and total time 
the ROV was in the water 152:33:31 hours (see Table 5 for more cumulative results). See Table 
6 for dive-specific information for each of the dives. 
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Table 6. Summary information for the 19 ROV dives conducted during EX-17-03.  

Date 
(mmddy

yyy) 

Dive 
# 

Site Name On Bottom 
Latitude 

(dd) 

On Bottom 
Longitude 

(dd) 

Max 
Depth 

(m) 

Dive 
Duration 

(hh:mm:ss) 

Bottom Time 
(hh:mm:ss) 

03082017 01 Swains Atoll 11°, 02.868' S 171°, 06.666' W 1161.3 08:00:16 06:29:47 

03102017 02 Pao Pao 07°, 11.405' S 173°, 38.085' W 535.6 08:11:53 07:15:46 

03112017 03 Carondelet Reef 05°, 37.936' S 173°, 50.260' W 1842.3 08:09:06 06:01:12 

03122017 04 Unnamed 
seamount 1 PIPA 

(Athena) 

04°, 09.016' S 174°, 51.260' W 1228.2 08:09:26 06:43:54 

03132017 05 Polo Seamount 02°, 43.683' S 175°, 07.864' W 2140.7 08:16:51 05:44:18 

03142017 06 Unnamed 
Seamount West of 

Winslow Reef 

01°, 41.898' S  175°, 23.732' W 1560.9 08:25:03 06:22:52 

03152017 07 Titov Seamount 1 00°, 23.219' S 176°, 12.148' W 1879.2 08:03:57 05:28:27 

03162017 08 Baker Island 
Shallow 

00°, 12.729' N   176°, 29.192' W 725.5 07:25:39 06:07:23 

03172017 09 Howland Island 
Deep 1 

00°, 48.155' N 176°, 40.435' W 2420.1 07:51:07 05:07:56 

03182017 10 Howland Island 
Shallow 

00°, 50.095' N 176°, 37.525' W 587.7 07:24:00 06:08:38 

03192017 11 Howland Deep 2 00°, 48.247' N  176°, 40.452' W 2226.9 08:07:27 05:35:16 

03202017 12 Baker Islands Deep 00°, 08.849' N 176°, 27.641' W 1858.7 08:05:29 06:06:08 

03212017 13 Titov 2 00°, 22.680' S  176°, 07.972' W 1226.7 07:54:25 06:14:46 

03222017 14 Unnamed 
Seamount West of 
Winslow Reef PIPA 

01°, 42.259' S  175°, 12.340' W 1535.5 08:00:51 06:03:59 

03232017 15 Unnamed 
Seamount 
"Teutana 

Seamount" 

03°, 23.971' S 174°, 44.146' W 1325.4 06:30:44 04:57:31 

03242017 16 Hadal Trough 
"Kinono" 

04°, 22.512' S 172°, 59.870' W 5862.9 09:50:59 03:38:00 

03252017 17 Unnamed 
Seamount (Maibua 

05°, 24.081' S  173°, 57.690' W 750.9 08:01:26 07:10:40 
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in Kiribati meaning 
"broken in two") 

03262017 18 Unnamed 
Seamount "Te 

Kaitira" 

06°, 29.513' S  173°, 35.007' W 2104.9 08:07:07 05:43:50 

03272017 19 Ufiata Seamount 08°, 12.100' S  172°, 51.995' W 998.7 07:57:45 06:33:02 

 

7.1.1 Dive Highlights by Region 

Two-thirds of the sites within the PRIMNM had high density of biological communities and a 
third with high fish diversity and abundance. Of the 6 dives, Titov and Howland “shallow” dives 
(2/6 dives) were characterized by high density and biological communities along with high 
diversity. Baker Island shallow dive had high densities of fishes.  

Of the 8 dives conducted in PIPA, 6 were characterized as high-density coral/biological sites 
(Carondelet Reef, Polo Seamount, and unnamed seamounts (Dives 3, 15, 17, 18). Two of the 
eight dives represented high diversity sites (Carondelet Reef and unnamed seamount from dive 
18). Some of the largest octocoral fans for the entire expedition were observed dive 18 (“te 
kaitira”).  

Of the 2 dives in the Tokelau region, the Pao Pao had the highest diversity of corals and 
commercial fish compared to Ufiata which had precious corals. High densities of large bamboo 
corals were found throughout the US Winslow dive all the way to the summit. A large unknown 
plexauid colony with lots of associates was also observed. Dives in the Swains, notability higher 
diversity and abundance of corals and other taxa compared to other dives in the American 
Samoa region.  

Dive 03, first dive in PIPA took place in the Carondelet Reef which yielded the most diverse 
benthic invertebrates communities observed throughout the expedition. Over 32 putative 
species of deep-water corals were observed as well as >20 other invertebrate species along a 
depth gradient between 1840 to 1580 meters. Different deep-sea coral assemblages were often 
displayed on the site depending on the slope of the underlying substrate with vertical faces 
having largely different dominant species compared to less steep slopes and promotories.  

Dive 04, occurred at the unnamed Seamount Athena within the PIPA. Observations during this 
dive included post-mating cannibalism among 2 individuals of Chiroteuthis sp. deep-water 
squids. Possible molluscan egg cases on a series of Chrysogorgiid octocorals throughout the 
dive track. Deep-water corals were abundance on this site, particularly small precious coral 
colonie cf. Pleurocorallium sp. An increase in particulate matter or marine snow was observed 
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at this site, which was consistent with the abundance of deep-sea corals and near-bottom 
planktonic gelatinous fauna. 

High densities of Pleurogorgia sp. observed on rocky vertical surfaces were observed during 
Dive 05 at the Polo Seamount. The summit community on the ridge of the seamount was 
covered in coral and sponge garden.  

During Dive 14 at the Winslow Reef Unnamed Seamount, there were an extraordinarily large 
specimen similar to Walteria, which are species of glass sponges covering a large portion of the 
deep hard substrate. The specimen is estimated to be >1 meter in length. Imagery of an in situ 
dumbo octopod Grimpteuthis sp. was captured sitting on the seafloor as well as displaying 
swimming behavior. Sea spider (pycnogonida) predation were observed during several 
instances preying on a variety of cnidarian taxa including anemones and a cup coral. A 3.7 
meter gorgonian Iridogorgia magnispiralis was also recorded during this expedition.  

Dive 15 occurred on the Unnamed McKean (Teutana) during the expedition. High N-S currents 
on the seafloor in the area gave rise to large colonies of deep-sea octocorals with large 
primniod fans cf. Calyptrophora and Paracalyptrophora sp. Cidarid urchins were predating upon 
the branch tips of large primnoid spp during this expedition. A rare observation of a bentho-
pelagic velvet whalefish was made shortly after the vehicle touched down on the seafloor. 

Dive 16 was conducted at the Hadal Trough, which allowed a rare opportunity to examine hadal 
fauna in situ at 5900 meters in depth in the Phoenix Islands Protected Area. Hadal depths are 
rarely studied this data will provide a base line for future lines of inquiry and inform resource 
and management decisions. An abundance of deep-water crustaceans, echinoderms, 
carnivorous sponges, and even one fish were observed. With a rare observation of a live 
monoplacophoran mollusc. Two coral taxa were observed, one sea pen Umbellula sp. and one 
abyssal black coral Abyssopathes sp. The black coral and mollusk are likely new species. 

The Unnamed Seamount (Maibua) detected during mapping operations, provided a glimpse of 
a possible geological failure along the western edge of the seamount during Dive 17. Much of 
the vertical substrate covered by comatulid crinoids at the base of the trackline around 740 
meters.  Maibua has a robust fish community with 15+ species reported and a high number of 
Oreosomatid Dories. Several large gold corals >1.5 meters tall were found near the summit. 
Underlying coral in the area were determined to be bamboo coral that was overtaken by the 
gold coral.  

Dive 18 at the Unnamed Seamount (Te Kaitria) has diverse and high density of large ancient 
paragorgiid octocorals, Iridogorgia sp. corals, and glass sponges (Hexactinellida). On the vertical 
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structures along the transect, a high abundance and density of Pleurogorgia and Narella sp. 
were seen. 

7.1.2 Accessing ROV Data 

OER Digital Atlas  
ROV data from EX-17-03 are archived at NCEI and available through OER’s Digital Atlas 
https://www.ncei.noaa.gov/maps/oer-digital-atlas/mapsOE.htm?cruiseNum=EX1703 (Last 
accessed March 2021). To access these data, click on the Search tab, enter “EX1703” in the 
Enter Search Text field, and click Search. Click on the point that represents EX-17-03 to access 
data options. In the pop-up window, select the ROV Data Access tab for links to the ROV dive 
data, which is organized by dive. 

ROV Dive Summaries 
Individual ROV dive summaries and associated ROV dive data are archived at NCEI and available 
on their Okeanos Explorer website at https://www.ncei.noaa.gov/waf/okeanos-rov-
cruises/ex1703/ (Last accessed March 2021).2  

ROV Dive Video 
To search, preview, and download dive video for Okeanos Explorer, go to the OER Video Portal 
at https://www.nodc.noaa.gov/oer/video/ (Last accessed March 2021). 

SeaScribe and SeaTube V2 
OER works closely with Ocean Networks Canada to implement SeaTube V2 at 
https://data.oceannetworks.ca/SeaTubeV2 (Last accessed March 2021), a web-based 
annotation interface for ROV operations for expeditions aboard Okeanos Explorer. SeaTube v2 
is the digital equivalent to a scientist's logbook. It is used by onboard and shore-based scientists 
to log real-time observations on a variety of topics alongside the primary annotation tool of 
SeaScribe. To watch a video of a dive and search and export annotations, click on the Videos 
tab and select “NOAA,” “2017,” “Howland/Baker Islands EX1703 (Mar 2017)” under the 
Expeditions collapsible menu. All 19 dives can be selected from this list.  

7.2 Sampling Operations Results 

A total of 95 samples were collected during EX-17-03: four geological samples, 38 biological 
samples, and 53 associate samples (see Table 5 for more cumulative results).  

                                                      
2 ROV dive summaries are typically available 90 days after an ROV cruise. For access in the interim, contact 
ex.expeditioncoordinator@noaa.gov. 

https://www.ncei.noaa.gov/maps/oer-digital-atlas/mapsOE.htm?cruiseNum=EX1703
https://www.ncei.noaa.gov/waf/okeanos-rov-cruises/ex1703/
https://www.ncei.noaa.gov/waf/okeanos-rov-cruises/ex1703/
https://www.nodc.noaa.gov/oer/video/
https://data.oceannetworks.ca/SeaTubeV2
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The geological samples included carbonate rock samples and sedimentary rock. See Table 7 for 
full details of the geological samples collected. 

Table 7. Inventory of geological samples collected during EX-17-03. 

Field 
Identification 

Field 
Identification  

Site 
 Name 

UTC_DateTime Latitude 
(dd) 

Longitude 
(dd) 

Depth 
 (m) 

EX1703_D12_01G Mn-crusted 
basalt 

Baker Islands 
Deep 

20170319T214245 0.148430005 -176.4593353 1760.219971 

EX1703_D15_01G Mn-crusted 
basalt 

Unnamed 
Seamount 
“Teutana 
Seamount” 

20170322T223742 -3.400860071 -174.7338104 1172.130005 

EX1703_D16_01G Mn-Coated 
Rock 

Hadal Trough 
“Kinono” 

20170323T214437 -4.375390053 -172.9978943 5859.540039 

EX1703_D19_01G FeMn crusted 
rock 

Ufiata Seamount 20170326T204307 -8.201180458 -172.8664703 954.039978 

 
There were 38 biological samples that were purposely collected (primary samples) as well as 52 
samples that were incidentally collected (associate samples). In total, these samples amounted 
to 90 individuals. The biological samples included a variety of corals, known animals, and 
potential new species as seen in Figure 2. See Table 8 for full details of the biological samples 
collected.   

 Table 8. Inventory of biological samples collected during EX-17-03.  

Sample# Field Identification Site Name UTC_DateTime Latitude 
(dd) 

Longitude 
(dd) 

Depth (m) 

DIVE01_SPEC01BIO Hexactinellida Swains Island 20170307205042 -11.04759 -171.1112 1111.81 

DIVE01_SPEC02BIO Acanthogorgiidae Swains Island 20170307214200 -11.04733 -171.1109 1100.65 

DIVE01_SPEC02BIO_A01 Ophiuridae Swains Island 20170307214200 -11.04733 -171.1109 1100.65 

DIVE01_SPEC02BIO_A02 Hydrozoa Swains Island 20170307214200 -11.04733 -171.1109 1100.65 

DIVE02_SPEC01BIO Primnoidae Pao Pao 20170309211255 -7.19076 -173.6351 464.36 

DIVE02_SPEC01BIO_A01 Chirostylidae Pao Pao 20170309211255 -7.19076 -173.6351 464.36 

DIVE02_SPEC02BIO Plexauridae Pao Pao 20170309215423 -7.1909 -173.6351 449.29 
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DIVE02_SPEC02BIO_A01 Asteroschematidae Pao Pao 20170309215423 -7.1909 -173.6351 449.29 

DIVE02_SPEC02BIO_A02 Aplocophoran Pao Pao 20170309215423 -7.1909 -173.6351 449.29 

DIVE02_SPEC02BIO_A03 Polychaeta Pao Pao 20170309215423 -7.1909 -173.6351 449.29 

DIVE02_SPEC03BIO Narella sp. Pao Pao 20170309233130 -7.19258 -173.6361 327.01 

DIVE02_SPEC03BIO_A01 Actiniaria white Pao Pao 20170309233130 -7.19258 -173.6361 327.01 

DIVE02_SPEC03BIO_A02 Ophiuroidea Pao Pao 20170309233130 -7.19258 -173.6361 327.01 

DIVE03_SPEC01BIO Paragorgia sp. Carondelet 
Reef 

20170310201405 -5.63227 -173.8378 1841.11 

DIVE03_SPEC01BIO_A01 Asteroschematidae Carondelet 
Reef 

20170310201405 -5.63227 -173.8378 1841.11 

DIVE03_SPEC02BIO Isididae Carondelet 
Reef 

201703111717 -5.62989 -173.8389 1636.38 

DIVE03_SPEC03BIO Hexactinellida Carondelet 
Reef 

201703114803 -5.62945 -173.8389 1624.78 

DIVE03_SPEC03BIO Hexactinellida Carondelet 
Reef 

201703114803 -5.62945 -173.8389 1624.78 

DIVE03_SPEC03BIO_A01 Ophiuroidea Carondelet 
Reef 

201703114803 -5.62945 -173.8389 1624.78 

DIVE03_SPEC03BIO_A02 Crinoidea Carondelet 
Reef 

201703114803 -5.62945 -173.8389 1624.78 

DIVE03_SPEC03BIO_A03 Polychaeta Carondelet 
Reef 

201703114803 -5.62945 -173.8389 1624.78 

DIVE04_SPEC01BIO Phrynocrinidae Unnamed 
Seamount 
(Athena) 

20170311212533 -4.14966 -174.8532 1154.07 

DIVE04_SPEC02BIO Sibogagorgia sp. Unnamed 
Seamount 
(Athena) 

20170311220523 -4.14952 -174.8527 1126.99 

DIVE04_SPEC02BIO_A02 Ophiuroidea Unnamed 
Seamount 
(Athena) 

20170311220523 -4.14952 -174.8527 1126.99 

DIVE04_SPEC02BIO_A03 Ophiuroidea Unnamed 
Seamount 
(Athena) 

20170311220523 -4.14952 -174.8527 1126.99 

DIVE04_SPEC02BIO_A04 Ophiuroidea Unnamed 
Seamount 
(Athena) 

20170311220523 -4.14952 -174.8527 1126.99 

DIVE04_SPEC03BIO Victorgorgia sp. Unnamed 
Seamount 
(Athena) 

201703121022 -4.1479 -174.8516 1043.3 

DIVE04_SPEC03BIO_A01 Ophiuroidea Unnamed 201703121022 -4.1479 -174.8516 1043.3 
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Seamount 
(Athena) 

DIVE05_SPEC01BIO Isididae - branching-
unknown 

Polo 20170312222950 -2.72833 -175.1291 2050.86 

DIVE05_SPEC01BIO Isididae - branching-
unknown 

Polo 20170312222950 -2.72833 -175.1291 2050.86 

DIVE05_SPEC01BIO_A01 Crinoidea Polo 20170312222950 -2.72833 -175.1291 2050.86 

DIVE05_SPEC01BIO_A02 Glyptalasma sp. Polo 20170312222950 -2.72833 -175.1291 2050.86 

DIVE06_SPEC01BIO Isididae branched Unnamed 
Seamount 

20170313214841 -1.69766 -175.3943 1510.22 

DIVE06_SPEC01BIO_A01 Crinoidea Unnamed 
Seamount 

20170313214841 -1.69766 -175.3943 1510.22 

DIVE06_SPEC01BIO_A02 Myzostome Unnamed 
Seamount 

20170313214841 -1.69766 -175.3943 1510.22 

DIVE06_SPEC01BIO_A03 Crinoidea Unnamed 
Seamount 

20170313214841 -1.69766 -175.3943 1510.22 

DIVE06_SPEC01BIO_A04 Aplacophoran Unnamed 
Seamount 

20170313214841 -1.69766 -175.3943 1510.22 

DIVE06_SPEC02BIO Isididae Unnamed 
Seamount 

20170313220926 -1.69762 -175.3943 1512.57 

DIVE06_SPEC03BIO Isididae Unnamed 
Seamount 

20170313232218 -1.69691 -175.3928 1431.36 

DIVE06_SPEC04BIO Plexauridae Unnamed 
Seamount 

2017031413208 -1.69726 -175.3917 1370 

DIVE06_SPEC04BIO_A01 Ophiuroidea Unnamed 
Seamount 

2017031413208 -1.69726 -175.3917 1370 

DIVE06_SPEC04BIO_A02 Crinoidea Unnamed 
Seamount 

2017031413208 -1.69726 -175.3917 1370 

DIVE06_SPEC05BIO Halosauridae - 
Halorsaurus 

Unnamed 
Seamount 

Unknown       - - - 

DIVE06_SPEC05BIO Halosauridae - 
Halorsaurus 

Unnamed 
Seamount 

Unknown - - - 

DIVE06_SPEC05BIO Halosauridae - 
Halorsaurus 

Unnamed 
Seamount 

Unknown - - - 

DIVE07_SPEC01BIO Callogorgia Titov 20170314222807 -0.38808 -176.2014 1759.66 

DIVE07_SPEC01BIO_A01 Ophiuroidea Titov 20170314222807 -0.38808 -176.2014 1759.66 

DIVE07_SPEC02BIO Swiftia sp. Titov 20170314224756 -0.38803 -176.2012 1747.7 

DIVE07_SPEC02BIO_A01 Ophiuroidea Titov 20170314224756 -0.38803 -176.2012 1747.7 

DIVE07_SPEC02BIO_A02 Amphipoda Titov 20170314224756 -0.38803 -176.2012 1747.7 

DIVE07_SPEC03BIO Chrysogorgidae Titov 20170314232337 -0.38835 -176.2012 1719.6 

DIVE07_SPEC03BIO_A01 Polychaeta Titov 20170314232337 -0.38835 -176.2012 1719.6 
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DIVE07_SPEC03BIO_A02 Amphipoda Titov 20170314232337 -0.38835 -176.2012 1719.6 

DIVE08_SPEC01BIO Primnoidae Baker Island 2017031615221 0.21211 -176.4845 436.54 

DIVE09_SPEC01BIO Cladorhizidae Howland 
Island 

20170316213634 0.80329 -176.6742 2346.35 

DIVE09_SPEC01BIO_A01 Polychaeta Howland 
Island 

20170316213634 0.80329 -176.6742 2346.35 

DIVE09_SPEC02BIO Walteria sp. Howland 
Island 

20170316234328 0.80353 -176.6743 2290.07 

DIVE09_SPEC02BIO Walteria sp. Howland 
Island 

20170316234328 0.80353 -176.6743 2290.07 

DIVE09_SPEC02BIO_A01 Ophiuridae Howland 
Island 

20170316234328 0.80353 -176.6743 2290.07 

DIVE09_SPEC02BIO_A02 Cteneophore Howland 
Island 

20170316234328 0.80353 -176.6743 2290.07 

DIVE09_SPEC02BIO_A02 Cteneophore Howland 
Island 

20170316234328 0.80353 -176.6743 2290.07 

DIVE09_SPEC02BIO_A03 Crinoidea Howland 
Island 

20170316234328 0.80353 -176.6743 2290.07 

DIVE09_SPEC02BIO_A04 Cirripedia Howland 
Island 

20170316234328 0.80353 -176.6743 2290.07 

DIVE09_SPEC02BIO_A05 Hydrozoa Howland 
Island 

20170316234328 0.80353 -176.6743 2290.07 

DIVE09_SPEC02BIO_A06 Hydrozoa Howland 
Island 

20170316234328 0.80353 -176.6743 2290.07 

DIVE09_SPEC02BIO_A07 Aplcophoran Howland 
Island 

20170316234328 0.80353 -176.6743 2290.07 

DIVE09_SPEC02BIO_A08 Amphipoda Howland 
Island 

20170316234328 0.80353 -176.6743 2290.07 

DIVE10_SPEC01BIO Calyptrophora sp. Howland 
Island 

20170317210958 0.83484 -176.6253 544.54 

DIVE10_SPEC02BIO Demospongiae Howland 
Island 

20170317235520 0.83374 -176.6254 424.5 

DIVE10_SPEC02BIO Demospongiae Howland 
Island 

20170317235520 0.83374 -176.6254 424.5 

DIVE10_SPEC02BIO_A01 Galatheidae Howland 
Island 

20170317235520 0.83374 -176.6254 424.5 

DIVE10_SPEC02BIO_A02 Brachyura Howland 
Island 

20170317235520 0.83374 -176.6254 424.5 

DIVE10_SPEC02BIO_A03 Ophiuridae Howland 
Island 

20170317235520 0.83374 -176.6254 424.5 

DIVE10_SPEC02BIO_A04 Isopoda Howland 
Island 

20170317235520 0.83374 -176.6254 424.5 
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DIVE11_SPEC01BIO Chrysogorgiidae Howland 
Island 

20170318204428 0.80398 -176.6743 2226.58 

DIVE11_SPEC02BIO Goniasteridae Howland 
Island 

20170318213238 0.80489 -176.673 2175.43 

DIVE12_SPEC02BIO Isididae Baker Island 2017032012841 0.14878 -176.4558 1495.54 

DIVE12_SPEC03BIO Isididae Baker Island 2017032013344 0.14867 -176.4558 1495.68 

DIVE13_SPEC01BIO Thouarella sp Titov 
Seamount 

20170320211059 -0.37761 -176.1322 1179.89 

DIVE13_SPEC02BIO Plexauridae Titov 
Seamount 

201703213156 -0.37607 -176.1314 1142.22 

DIVE13_SPEC02BIO_A01 Actiniaria pink Titov 
Seamount 

201703213156 -0.37607 -176.1314 1142.22 

DIVE13_SPEC02BIO_A02 Actiniaria pink Titov 
Seamount 

201703213156 -0.37607 -176.1314 1142.22 

DIVE13_SPEC02BIO_A03 Ophiuroidea Titov 
Seamount 

201703213156 -0.37607 -176.1314 1142.22 

DIVE13_SPEC02BIO_A03 Ophiuroidea Titov 
Seamount 

201703213156 -0.37607 -176.1314 1142.22 

DIVE13_SPEC02BIO_A03 Ophiuroidea Titov 
Seamount 

201703213156 -0.37607 -176.1314 1142.22 

DIVE13_SPEC02BIO_A03 Ophiuroidea Titov 
Seamount 

201703213156 -0.37607 -176.1314 1142.22 

DIVE13_SPEC02BIO_A03 Ophiuroidea Titov 
Seamount 

201703213156 -0.37607 -176.1314 1142.22 

DIVE13_SPEC02BIO_A03 Ophiuroidea Titov 
Seamount 

201703213156 -0.37607 -176.1314 1142.22 

DIVE13_SPEC02BIO_A03 Ophiuroidea Titov 
Seamount 

201703213156 -0.37607 -176.1314 1142.22 

DIVE13_SPEC02BIO_A03 Ophiuroidea Titov 
Seamount 

201703213156 -0.37607 -176.1314 1142.22 

DIVE14_SPEC01BIO Iridogorgia sp. Winslow Reef 
Complex 
PIPA 

2017032213359 -1.70353 -175.2023 1304.41 

DIVE14_SPEC01BIO_A01 Ctenephore Winslow Reef 
Complex 
PIPA 

2017032213359 -1.70353 -175.2023 1304.41 

DIVE15_SPEC02BIO Plexauridae Unnamed 
Seamount 

20170322232658 -3.4011 -174.7336 1117.73 

DIVE15_SPEC02BIO_A01 Ophiuroidea Unnamed 
Seamount 

20170322232658 -3.4011 -174.7336 1117.73 

DIVE16_SPEC02BIO Antipatharia Hadal Trough 2017032410307 -4.37707 -172.9963 5772.36 

DIVE17_SPEC01BIO Zoantharia Unnamed 
Seamount 

2017032513010 -5.40318 -173.959 489.84 
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DIVE17_SPEC01BIO Zoantharia Unnamed 
Seamount 

2017032513010 -5.40318 -173.959 489.84 

DIVE18_SPEC01BIO Paragorgia sp. Te Kaitira 20170325232102 -6.49159 -173.5817 1902.028 

DIVE18_SPEC01BIO_A01 Zoantharia Te Kaitira 20170325232102 -6.49159 -173.5817 1902.028 

DIVE18_SPEC01BIO_A02 Ophiuroidea Te Kaitira 20170325232102 -6.49159 -173.5817 1902.028 

DIVE18_SPEC02BIO Primnoidae Te Kaitira 20170325233700 -6.4916 -173.5816 1899.482 

DIVE18_SPEC02BIO_A01 Ophiuroidea Te Kaitira 20170325233700 -6.4916 -173.5816 1899.482 

DIVE19_SPEC02BIO Coralliidae Ufiata 
Seamount 

2017032714445 -8.1973 -172.8677 751.03 

DIVE19_SPEC02BIO_A01 Hydrozoa Ufiata 
Seamount 

2017032714445 -8.1973 -172.8677 751.03 

DIVE19_SPEC02BIO_A02 Aplocophoran Ufiata 
Seamount 

2017032714445 -8.1973 -172.8677 751.03 

 

 

 
Figure 2: (Top image) ROV Deep Discoverer's manipulator jaws are gently grasping the crown of a stalked 
crinoid (Phrynocrinidae) for a collection. This crinoid species had previously only been observed in the 
Celebes Sea, off Indonesia. (Bottom image) Isididae (branched/unknown) at Polo Seamount.  
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7.2.1 Sample Repositories 

The following repositories archive samples collected during expedition EX-17-03 on Okeanos 
Explorer. 

● Invertebrate Zoology Collections, National Museum of Natural History, Smithsonian 
Institution, Museum Support Center, MRC 534, 4210 Silver Hill Road, Suitland, MD 
20746 
Contact: Abigail Reft, ReftAJ@si.edu  
Website: https://invertebrates.si.edu/LoanPolicy.html  

● Ocean Genome Legacy Center, Northeastern University, 430 Nahant Road, Nahant, MA 
01908 
Contact: Hannah Appiah-Madson, h.appiah-madson@northeastern.edu  
Website: https://www.northeastern.edu/ogl/  

● Marine and Geology Repository, Oregon State University 
Burt 346, Corvallis, OR 97331-5503 
Contact: Kevin Konrad, Konradke@geo.oregonstate.edu  
Website: http://osu-mgr.org/noaa-ex/   
 

7.3 Acoustic Operations Results 

During EX-17-03, multibeam mapping operations results included 5,100 linear kilometers (km) 
mapped and 30,341 square km covered (11,292 of these in the U.S. EEZ). During this cruise 19 
ROV dives were successfully attempted and conducted. Figure 1 shows detailed coverage areas 
of operations for EX-17-03.  

Close to the PIPA, Okeanos Explorer explored an unusual deep trough feature approximately 
105 km in length and up to 6,350 m deep, as shown in Figure 3. Figure 4 is a 3D representation 
of the Titov Seamount created using Fledermaus software. This unique structure has a top of 
around eight kilometers in length.  

mailto:ReftAJ@si.edu
https://invertebrates.si.edu/LoanPolicy.html
mailto:h.appiah-madson@northeastern.edu
https://www.northeastern.edu/ogl/
mailto:Konradke@geo.oregonstate.edu
http://osu-mgr.org/noaa-ex/
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Figure 3. Top image: Bathymetry data from the Okeanos Explorer shown with the SRTM30 grid. Yellow 
outline indicated the vicinity of the hadal trough. The star represents the location of the ROV dive. Colored 
bar represents bathymetry depth in meters. Bottom Image: Location of the deep feature relative to the 
Phoenix and Tokelau Seamount groups.  
 

 
Figure 4. Titov Seamount bathymetry data collected during EX-17-03 in a 3D perspective. Orange points on 
the figure show the location of two ROV dives conducted on the seamount. Colored bar represents 
bathymetry depth in meters.  
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Additional information about the mapping conducted during EX-17-03, including data quality 
assessments, is in the EX-17-03 mapping data report 
https://repository.library.noaa.gov/view/noaa/14853 (Last accessed March 2021).  

7.3.1 Acoustic Operations Data Access 

Multibeam Sonar (Kongsberg EM 302) 
The multibeam dataset for the expedition is archived at NCEI and accessible through their 
Bathymetric Data Viewer at https://maps.ngdc.noaa.gov/viewers/bathymetry/ (Last accessed 
March 2021). To access these data, click on the Search Bathymetric Surveys button, select 
“NOAA Ship Okeanos Explorer” from the Platform Name dropdown menu, and “EX1703” from 
the Survey ID dropdown menu. Click OK, and the ship track for the cruise will appear on the 
map. Click the ship track for options to download data.  

Sub-Bottom Profiler (Knudsen Chirp 3260) 
The SBP was not run during any of EX-17-03’s ROV dive operations, but generally was operated 
during multibeam mapping operations. These data are archived at NCEI and accessible through 
their Trackline Geophysical Data Viewer at https://maps.ngdc.noaa.gov/viewers/geophysics/ 
(Last accessed March 2021). To access these data, select “Subbottom Profile” under Marine 
Surveys and click on Search Marine Surveys. In the pop-up window, select “EX1703” in the Filter 
by Survey IDs dropdown menu. Click OK, and the ship track for the cruise will appear on the 
map. Click the ship track for options to download data.  

Split-beam Sonars (Simrad EK60) 
EK60 water column data for EX-17-03 are archived at NCEI and available through their Water 
Column Sonar Data Viewer at 
https://www.ngdc.noaa.gov/maps/water_column_sonar/index.html (Last accessed March 
2021). To access these data, click on the Additional Filters button, deselect “All” next to Survey 
ID, and select “EX1703” from the Survey ID list. Click OK, and the ship track for the cruise will 
appear on the map. Click on the ship track for options to download data.  

Acoustic Doppler Current Profilers (Teledyne Marine Workhorse Mariner and Teledyne Ocean 
Surveyor ADCPs) 
ADCP data collected at each ROV dive location are archived at NCEI and available through their 
Global Ocean Currents Database at https://www.nodc.noaa.gov/gocd/sadcp_oer_inv.html (Last 
accessed December 2020). Access these data by searching the table for the expedition 
identifier “EX1703”. 

https://repository.library.noaa.gov/view/noaa/14853
https://maps.ngdc.noaa.gov/viewers/bathymetry/
https://maps.ngdc.noaa.gov/viewers/bathymetry/
https://maps.ngdc.noaa.gov/viewers/geophysics/
https://www.ngdc.noaa.gov/maps/water_column_sonar/index.html
https://www.nodc.noaa.gov/gocd/sadcp_oer_inv.html
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7.4 Conductivity, Temperature, and Depth (CTD) Measurements 

CTD profile data from EX-17-03 are archived at NCEI and available through OER’s Digital Atlas at 
https://www.ncei.noaa.gov/maps/oer-digital-atlas/mapsOE.htm (Last accessed March 2021). 
To access these data, click on the Search tab, enter “EX1703” in the Enter Search Text field, and 
click Search. Click on the point that represents EX-17-03 to access data options. In the pop-up 
window, select the Data Access tab for a link to download the CTD profile data.  

7.5 Sun Photometer Measurements 

Sun photometer measurements are available through NASA’s MAN component of AERONET at 
https://aeronet.gsfc.nasa.gov/new_web/maritime_aerosol_network.html (Last accessed 
December 2020). Access these data by searching the table for “2017”, “Okeanos Explorer,” and 
“Pacific Ocean”. Click on the links to download the data (note: there may be more than one 
entry for Okeanos Explorer in a region in a given year). 

7.6 Engagement 

EX-17-03 engaged with audiences around the world, opening a window of understanding into 
the deep sea. Highlights are listed below: 

● Live video feeds received over 2,700,000 views, and web content received 25,300 visits 
during EX-17-03. 

● Live interactions and ship tours were conducted to engage a diversity of audiences. 
Nearly 100 people toured the Okeanos Explorer while in port of Āpia, Sāmoa. Tours 
included the Independent State of Sāmoa’s MNRE and Ministry of Agriculture and 
Fisheries (MFE), Secretariat of the Pacific Regional Environment Programme (SPREP), 
and a delegation from Tokelau. 

● News/web articles covered EX-17-03. Stories appeared in national and local media 
outlets and on websites throughout the country, including the New York Times, Deep 
Sea News, Samoa Observer, Newsweek, and ABC News. This coverage amplified the 
impact of the expedition, increasing the audience reached. 

8. Summary 
The Discovering the Deep: Exploring Remote Pacific Marine Protected Areas expedition was a 
23-day, telepresence enabled cruise to collect critical baseline information about unknown and 
poorly known deepwater areas in the Howland and Baker Unit of the PRIMNM, American 
Sāmoa, the PIPA, and New Zealand’s Territory of Tokelau. The goal of the expedition was to use 
ROV dives in combination with seafloor mapping operations to increase the understanding of 
deep-sea ecosystems and collect scientific information to support future management 

https://www.ncei.noaa.gov/maps/oer-digital-atlas/mapsOE.htm
https://aeronet.gsfc.nasa.gov/new_web/maritime_aerosol_network.html
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decisions and new lines of inquiry. During the expedition, 19 ROV dives were conducted, 
ranging from 300 to 5,862.9 meters (984 to 19,235 feet), to investigate the diversity and 
abundance of largely unknown pelagic fauna. 

Hundreds of different species of animals—including several potential new species were 
observed during EX-17-03 as a part of the three year CAPSTONE campaign. Newly observed 
behaviors and numerous significant range extensions—were also observed. These included the 
following observations: 

● Surveyed the biological and geological variability of benthic habitats—including precious 
coral habitats, bottomfish fishery habitats, and manganese-encrusted habitats at 
seamounts. 

● Conducted ROV dives in previously unexplored areas—with seven dives in the Howland 
and Baker Units of the PRIMNM, eight dives in the PIPA, two dives in Tokelauan waters, 
and one dive at Swains Atoll in the NMSAS. 

● Mapped more than 30,100 square kilometers of seafloor. 
● Observed more than 300 discrete taxa of organisms including significant coral and 

sponge communities. 
● Collected 38 primary specimens and 128 associates and subsamples, including deep-sea 

corals, sponges, squat lobsters, and brittle stars. 
● Observed more than 40 undescribed species, range extensions, new depth records, 

and/or new behavioral observations. 
● Investigated a variety of different geological features including seamounts, atolls, 

manganese-encrusted sea floor, a deep trough within the PIPA, and the waters around 
islands. 

● Explored for the first time—at a depth of 5,800 meters—a deep hadal trough, which is 
atypical for this region of the ocean due to the depth.  

● Collected more than 13 TB of data including video and still imagery, multibeam sonar 
and single beam echo sounder measurements, subbottom profiles, current profiles, 
CTD, and DO measurements. 

● Received more than 2.7 million views of the live videos via multiple social media 
platforms including Facebook and YouTube.  

● More than 48 scientists and students participated from the U.S, New Zealand, Japan, 
Russia, and Trinidad and Tobago participated as members of the science team.  
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Appendix A: Data Management Plan 
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Appendix B: Dive Codes 
To view the full Dive codes for samples collected during EX-17-03 please visit: 
https://oceanexplorer.noaa.gov/okeanos/collaboration-tools/im-eventlog/dive-codes.html 
(Last accessed March 2021). 

Figure 5. A screenshot of the Dive codes used during operation. 

 

 

https://oceanexplorer.noaa.gov/okeanos/collaboration-tools/im-eventlog/dive-codes.html
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Appendix C: NASA Maritime Aerosols Network Survey of Opportunity  
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Appendix D: Independent State of Sāmoa MFAT MSR Approval 
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Appendix E: Independent State of Sāmoa MNRE Letter of Support 
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Appendix F: American Sāmoa DMWR Permit 
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Appendix G: NMSAS Permit 
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Appendix H: Categorical Exclusion 
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Appendix I: ESA Section 7 Letter of Concurrence 
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Appendix J: EFH Consultation 
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Appendix K: Acronyms 
3D—Three-dimensional 
ADCP—Acoustic Doppler Current Profiler 
AERONET—Aerosol Robotic Network 
BOEM—Bureau of Ocean Energy Management 
CAPSTONE—Campaign to Address Pacific monuments Science, Technology, and Ocean NEeds 
CIT—Chiba Institute of Technology 
CTD—Conductivity, temperature, and depth 
DNA—Deoxyribonucleic acid 
DO—Dissolved oxygen 
DSCRTP—NOAA Deep Sea Coral Research and Technology Program 
ECC—Exploration Command Center 
ECS—Extended continental shelf 
EEZ—Exclusive Economic Zone 
EFH—Essential Fish Habitat 
EK60—Kongsberg 18 kHz split-beam fisheries sonar 
EM 302—Kongsberg Maritime 30 kHz multibeam system 
ESA—Endangered Species Act 
EtOH—Ethyl alcohol, or ethanol 
EX—NOAA Ship Okeanos Explorer 
FAU—Florida Atlantic University 
FeMn—Ferro-manganese 
FSU—Florida State University 
GFOE—Global Foundation for Ocean Exploration 
GFOE—Global Foundation for Ocean Exploration 
HBOI—Harbor Branch Oceanographic Institute 
JAMSTEC—Japan Agency for Marine-Earth Science and Technology 
kHz—Kilohertz 
LSS—Light scattering sensor 
MAN—Maritime Aerosol Network 
MFAT—Independent State of Sāmoa’s Ministry of Foreign Affairs and Trade 
MFE—Independent State of Sāmoa’s Ministry of Fisheries and Agriculture 
MMPA—Marine Mammal Protection Act 
Mn—Manganese 
MNRE—Independent State of Sāmoa’s Ministry of Natural Resources and Environment 
MPA—Marine Protected Area 
MSR—Marine scientific research 
NASA—National Aeronautics and Space Administration 
NCCOS—NOAA National Centers for Coastal Ocean Science 
NCEI—NOAA National Centers for Environmental Information 
NEPA—National Environmental Policy Act 
NMFS—NOAA National Marine Fisheries Service 
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NMSAS—National Marine Sanctuary American Sāmoa 
NOAA—National Oceanic and Atmospheric Administration 
OER—NOAA Office of Ocean Exploration and Research 
ONMS—NOAA Office of National Marine Sanctuaries 
ORP—Oxygen reduction potential 
OSU—Oregon State University 
PCZ—Prime Crust Zone 
PIFSC—NOAA Pacific Islands Fisheries Science Center  
PIPA—Phoenix Islands Protected Area 
PIRO—NOAA Pacific Islands Regional Office 
PRIMNM—Pacific Remote Islands Marine National Monument 
RAMP—NOAA Rapid Assessment and Monitoring Program 
RAS—Russian Academy of Sciences 
ROV—Remotely operated vehicle 
SBP—Sub-bottom profiler 
SEDCI—NOAA Southeast Deep Coral Initiative 
SIO—Scripps Institution of Oceanography 
SIS—Seafloor Information Software 
SOEST—UH School of Ocean & Earth Science & Technology 
SOP—Standard operating procedure 
SPREP—Secretariat of the Pacific Regional Environment Programme 
TAMU—Texas A&M University 
TB—Terabytes 
TSG—Thermosalinograph 
UCAR—University Corporation for Atmospheric Research 
UConn—University of Connecticut 
UCSB—University of California, Santa Barbara 
UH—University of Hawai'i at Mānoa 
ULL—University of Louisiana at Lafayette 
UNH—University of New Hampshire 
USFW—U.S. Fish and Wildlife Service 
USGS—U.S. Geological Survey 
USNM—National Museum of Natural History 
VARS—Video Annotation and Reference System  
WHOI—Woods Hole Oceanographic Institution 
XBT—Expendable bathythermographs 
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