
Dear Colleague,

In December 2021, The Oceanography Society plans to publish its first annual supplement to Oceanography 
magazine (https://tos.org/oceanography) on “Ocean Observing.” As guest editors, we are seeking initial interest 
in contributing short articles to this booklet. 

PURPOSE
The purpose of the supplement is to widely disseminate information about the many different ways in which sci-
entists observe the ocean to improve our understanding and support the sustainable management of the ocean 
and its resources. In a series of short articles that include high-quality scientific graphics and photos to bring 
topics alive for readership, the supplement will make ocean observing technologies, fieldwork, scientific results, 
and their societal relevance accessible to a broad audience. One of the aims of the supplement is to help explain 
the scientific and societal importance of ocean observing to funders, policymakers, and the general public.

DISTRIBUTION
Hard copies of the supplement will be mailed to all members of The Oceanography Society with their December 
issue of Oceanography and will be distributed at conferences as well as at other events. As an open-access jour-
nal, a full PDF of the ocean observing supplement and individual contributions will be openly available to the 
public on the Oceanography website at the time of publication. 

COSTS
There is no cost to authors for publishing in this professional, high-quality supplement. Copy editing, design, 
and print and web distribution will be covered by sponsors, including Ocean Networks Canada (ONC), the 
Partnership for Observation of the Global Ocean (POGO), the National Oceanic and Atmospheric Administration’s 
Global Ocean Monitoring and Observing Program (NOAA/GOMO), and the US Arctic Research Commission. 
We welcome additional sponsors.

FORMAT
Articles will be 1,000 words and one simple scientific figure or location map and several high-quality photos. 
Once the guest editors have reviewed all letters of interest, they will send out invitations to authors.
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TOPICS
For the 2021 inaugural supplement, we have decided to align with the priorities of the UN Decade of Ocean 
Science for Sustainable Development and are seeking contributions within the following five topical areas:

Ocean-climate nexus. Observations related to climate monitoring, modeling, and forecasting; 
sea level rise; and ocean acidification. Articles demonstrating direct links to policy (e.g., UNFCCC, SDGs) 
would be welcome.

Ecosystems and their diversity. Studies and observations for habitat mapping and restoration; 
biodiversity monitoring, in particular, the relationship between biodiversity and climate change and 
applications for natural resource management and conservation. 

Ocean resources and the economy under changing environmental conditions. Observations 
and services in support of the blue economy (e.g., energy, transport, tourism), sustainable use of ocean 
resources (e.g., fisheries/aquaculture, genetic resources, minerals, sand), and marine spatial planning.

Pollutants and contaminants and their potential impacts on human health and ecosystems. 
Systems for monitoring pollutants/contaminants and their dispersal (e.g., heavy metals, nutrients, plastics, 
organic pollutants, as well as noise), and potential links to policy frameworks (SDGs, UN Conventions). 

Multi-hazard warning systems. Observing systems and information services supporting disaster risk 
reduction and improving human health and safety, and food security. 

EXPRESSIONS OF INTEREST
If you are interested in contributing an article to this supplement, please send a letter of interest that includes a 
short description of your idea to Oceanography editor Ellen Kappel (ekappel@geo-prose.com). 

DEADLINES
• Expression of interest: May 20, 2021
• Confirmation of contribution: July 1, 2021
• First draft: September 15, 2021
• Expected publication date: December 2021

 We look forward to hearing from you!

 The Ocean Observing Guest Editor Team
 Kim Juniper (ONC), Sophie Seeyave (POGO), 
 Emily A. Smith (NOAA/GOMO), and Martin Visbeck (GEOMAR)
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ANNEX: EXAMPLES OF OTHER OCEANOGRAPHY SUPPLEMENTS

For more than a decade, Oceanography has published an annual Ocean Exploration supplement. We envision the 
Ocean Observing supplement to be similarly rich with graphics and photos of field activities. It may be helpful 
to take a look at a few of these Ocean Exploration supplements to understand their quality and the long-lasting 
impact they can have. 

All past supplements can be viewed and downloaded freely at: 
https://tos.org/ocean-exploration.

The latest supplement (March 2021) is provided here: 
https://tos.org/oceanography/assets/docs/ 

34-1_ocean_exploration.pdf.

In the deep dark ocean, life seems to 
attract other life. This small crusta-
cean clings happily to a black coral 
where it sifts through the food that 
the water movement delivers, both for 
the coral and the crustacean. Image 
credit: Schmidt Ocean Institute

INTRODUCTION 
By Nicole A. Raineault, Genene Fisher, and Carlie Wiener

This eleventh installment of the annual ocean exploration 
supplement to Oceanography, the official magazine of 
The Oceanography Society, highlights the work of three 
vessels that contribute to exploring the world ocean: 
the Ocean Exploration Trust’s (OET's) E/V Nautilus, NOAA 
Ship Okeanos Explorer, and Schmidt Ocean Institute’s 
(SOI's) R/V Falkor. 

Although the global COVID-19 pandemic impacted the 
2020 programs, it did not prevent the execution of signif-
icant ocean exploration work, both at sea and on shore. 
R/V Falkor and E/V Nautilus took to the seas for modified 
programs. NOAA paused at-sea operations for Okeanos 
Explorer, with the NOAA Office of Ocean Exploration and 
Research (OER) instead focusing on development of 
universal exploration products and enhancement of its 
virtual engagement efforts. The pages that follow contain 
summaries of the 2020 expeditions, including initial results; 
highlights of new programs and initiatives, many of which 
were catalyzed by the pandemic; and information on future 
exploration plans.

The first section highlights OET and E/V Nautilus pro-
grams. The pandemic delayed the start of the season, as 
the shipyard work to replace the engine was slowed. New 
mobile control vans and an integrated studio van were also 
installed and tested before the season got underway in 
August. The shipboard team size was limited, which meant 
many dives and entire expeditions were led from shore. 
OET conducted cabled observatory work in partnership 
with Ocean Networks Canada and the University of Victoria 
(pages 30–31). Olympic Coast, Greater Farallones, Monterey 
Bay, and Channel Islands National Marine Sanctuaries and 
sites within the proposed Chumash Heritage National 
Marine Sanctuary were mapped and characterized 
with remotely operated vehicles (ROVs; pages 32–37). 
Expeditions focusing on the US blue economy featured 

ROV dives along the California Borderland and the Cascadia 
margin, supporting research into the biopharmaceutical/
biotechnological possibilities of the deep sea and the 
broader importance of these areas (pages 32–33 and 
38–39). Finally, the NOAA Ocean Exploration Cooperative 
Institute (OECI) hired a director, Adam Soule, who started 
work at the University of Rhode Island’s Graduate School 
of Oceanography in January. The institutions involved in 
this venture have formalized working groups organized 
to catalyze collaborations in key areas such as science and 
technology, data management and usability, telepresence 
technologies, and education and branding. Technologies 
that will improve our ability to explore the ocean were 
modified, acquired, or tested and will feature in the Nautilus 
2021 field season and beyond (pages 40–43). 

The second section focuses on the 2020 activities of the 
NOAA Office of Ocean Exploration and Research. It opens 
with an overview of the US strategy for ocean exploration 
that led to OER’s creation (page 46–47) and then intro-
duces the new White House National Strategy for Mapping, 
Exploring, and Characterizing the United States Exclusive 
Economic Zone (NOMEC, 2020) and describes how OER’s 
mission fits within its blueprint (pages 46–47). The section 
discusses an underlying objective of the National Ocean 
Mapping, Exploration, and Characterization (NOMEC) 
Council to expand the US blue economy (pages 48–50), 
provides examples of OER’s grant-supported projects that 
are tied to the blue economy in the areas of bioprospect-
ing (page 49) and deep-sea methane seeps (page 49), and 
describes development plans for a long-duration sensor 
platform (page 50). OER then summarizes work that sup-
ports the NOMEC blueprint for exploration and characteri-
zation of the US Exclusive Economic Zone (EEZ) and provides 
examples of the deep-sea products, exploration models, 
and strategies (pages 51–52) that can be utilized by the 
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OCEAN EXPLORATION

Ocean Networks Canada
Advancing Ocean Observing Technology and Science

By Ian Kulin, Allison Fundis, Meghan Paulson, Sheryl Murdock, Steve Mihaly, Fabio C. De Leo, 
Andrew Baron, Nicolai Bailly, and Leslie Elliott

Marking the fifth anniversary of working in partnership with 
Ocean Exploration Trust, the E/V Nautilus team supported 
the maintenance of the University of Victoria’s Ocean 
Networks Canada (ONC) offshore cabled ocean observing 
infrastructure (Figure 1). Despite the global pandemic—
which limited the number of onboard crew and required 
strict adherence to COVID-19 safety protocols—the team 
was able to successfully maintain, upgrade, and expand 
over two dozen instruments in 2020.

During the 14-day expedition from September 4 to 
September 18, 2020, and in coordination with researchers 
from around the world, Nautilus visited 11 sites to deploy, 
recover, and maintain sensors and instruments, more 
experiments than ever before in a single expedition. The 
team completed a significant amount of scientific work 
using the ship’s ROV Hercules, performing numerous verti-
cal and horizontal video surveys, mapping the seafloor, and 
collecting biological and geological samples.

ROV Hercules placed a total of 18 new passive larval tube 
traps on the ocean floor at all of ONC’s deepwater sites 
(Figure 2). Once in place, these tubes will collect larvae of 
benthic organisms over one full year to better understand 
patterns of connectivity, dispersal, and biodiversity of deep-
sea animals. This new research is a collaboration between 
researchers from the United States, Spain, France, Portugal, 
United Kingdom, Japan, and Canada, including ONC.

Using the ROV Hercules “slurp” suction sampler at the 
Endeavour Hydrothermal Vent Field Marine Protected Area, 
the science team gathered samples of a new-to- science 
sponge species. These specimens are being studied by 
researchers at the Natural History Museum of London to 
further examine microbial symbionts living within the 
sponges as a way to understand what they eat. Additionally, 
a sample of this new species will be deposited in the zoo-
logical collection of the Royal BC Museum, Victoria.

The growing field of environmental DNA, or eDNA, 
research is a paradigm shift in ocean science, making it 
possible to monitor ecosystem biodiversity with only a 
few liters of seawater. Deployed at Endeavour in 2019 and 
recovered by Nautilus in 2020, paired McLane instruments 
collected samples for eDNA and associated water chem-
istry to enable time-series analysis of temporal changes 
in the microbial biodiversity in hydrothermal vent fluids 
(Figure 3). Microbial colonization modules attached to 
the McLane sampling apparatus deployed in the vents’ 
hydrothermal fluids will be used specifically to study pro-
tists—slightly more complex microbes with unknown roles 

FIGURE 1 (above). Ocean Networks Canada 
cabled infrastructure and new multibeam 
map near Middle Valley.

FIGURE 2 (right). Larval traps deployed at 
Endeavour Hydrothermal Vent Field Marine 
Protected Area. Image credit: OET/ONC

FIGURE 3 (below). The eDNA sampling device with 
phytoplankton sampler. Image credit: ONC
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in hydrothermal vent ecosystems. Scientist Sheryl Murdock 
will use eDNA from the sampler to compare organisms 
grown in culture from the colonizers to the time series of 
eDNA samples. Study of individual genomes and abundance 
shifts over time will increase understanding of the mecha-
nisms of protist survival in these harsh vent environments. 

ONC completed the highly anticipated tsunami detec-
tion array—first conceived and partially deployed in 
2012—on the vast abyssal plain at Cascadia Basin, ONC’s 
deepest site (Figure 4). The array was to have one instru-
ment at the Cascade instrument platform and three others 
120° apart and 25 km away from the instrument platform, 
but two of the three experimental 25 km fiber-optic cables 
were damaged during cable laying in 2012. Since then, 
ONC developed an innovative solution using the cables’ 
copper conductors to transmit both power and commu-
nications, eliminating the need for fiber optics. This inno-
vative “comms over copper” solution—deployed in 2016—
allowed real-time data to flow from the bottom pressure 
recorders located at the ends of two of the long cables.

In September 2020, the third fiber-optic cable was laid 
using a custom cable-spooling frame lashed to the deck 
of Nautilus. The entire operation was conducted using the 
weight of the falling cable (instead of power) while the 
vessel moved slowly forward, a band brake on the spool to 
control its speed, and pre-calculated tables to ensure the 
cable lay speed matched the vessel speed.

Once the cable was laid on the seafloor, the final bottom 
pressure recorder package was dropped overboard with 
two floats for a freefall deployment. ROV Hercules then 
plugged the instrument into the Cascadia Basin junction 
box, connecting the bottom pressure recorder to the 
Internet- connected network. This third and final cable 
allowed the fourth instrument to switch from operating 
autonomously to providing real-time data. 

Completing the tsunami array, which now consists of 
three triangulated bottom pressure recorders surrounding 
a fourth at their center, was a significant accomplishment. 
This array allows precise real-time determination of tsu-
nami wave speed, direction, and amplitude. The ability to 

assimilate open-ocean data from ONC’s cabled observatory 
into an operational tsunami forecast model makes it possi-
ble to mitigate the impact of future tsunamis approaching 
the west coast of British Columbia.

At Cascadia Basin, the team also installed a new 
hydrophone array (Figure 5) and made preparations for a 
second pathfinder neutrino experiment (installed later in 
2020) and additional cable extension installations (to be 
installed in 2021).

During inclement weather that prevented ROV oper-
ations, the team undertook mapping operations using 
Nautilus’s multibeam echosounder to create a high- 
resolution bathymetric map at West Valley, an unexplored 
vent field near the undeveloped Middle Valley branch of 
ONC’s offshore network.

While at Barkley Canyon, preparations were made to 
reconnect this important site to the network. With depths 
ranging from 200 m to 2,000 m, this deep-sea study site 
provides a significant location for the study of gas hydrates, 
sediment dynamics, upwelling, plankton, and productivity. 
The team also recovered a corrosion experiment deployed 
in 2019 that was testing various metals and their ability to 
hold up under 100–200 atm of pressure—equivalent to 
ocean depths of 1,000–2,000 m.

Other expeditions in 2020—aboard the Canadian Coast 
Guard Ship John P. Tully using the Pelagic Research Services 
ROV Odysseus—resulted in retrieval of the Delta Dynamics 
Lab from the mouth of the Fraser River and installation of a 
new hydrophone at Folger Passage and a new hydrophone 
array in the Strait of Georgia, home to the resident endan-
gered southern killer whales near Canada’s busiest port, 
Vancouver. New community observatories were installed 
in Douglas Channel near Hartley Bay in partnership with 
the Gitga’at First Nation and in Alberni Inlet at China Creek 
with the Nuu-chah-nulth people.

FIGURE 5 (below). New hydrophone at 
Cascadia Basin. Image credit: OET/ONC

FIGURE 4 (left). Deploying cable to connect tsunami 
array at Cascadia Basin. Image credit: ONC
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California Streaming
Exploring Deep-Sea Coral and Sponge Assemblages in Sunny Southern California

By Elizabeth Duncan, Lisa Wooninck, Tom Laidig, Elizabeth Clarke, Abigail Powell, Curt Whitmire, 
Guy Cochrane, and Chris Caldow

In October 2020, E/V Nautilus explored the Santa Lucia Bank 
area and the Channel Islands National Marine Sanctuary 
(CINMS) and surrounding waters offshore of California. 
This expedition furthered research priorities shared by the 
West Coast Deep-Sea Coral Initiative, the EXpanding Pacific 
Research and Exploration of Submerged Systems (EXPRESS) 
campaign, and other research initiatives to document the 
distribution of deep-sea resources. Santa Lucia Bank is 
an area of interest for the development of offshore wind 
energy and is also within the nominated Chumash Heritage 
National Marine Sanctuary (CHNMS). Eleven ROV dives were 
conducted in the designated and proposed national marine 
sanctuaries to validate seafloor mapping data and habitat 
suitability models for deep-sea corals and sponges, and to 
better understand the distribution and connectivity of these 
habitats via targeted sampling. This work largely occurred 
in previously unexplored areas and will likely inform future 
regional research and management decisions.

SANTA LUCIA BANK: FIRST LOOK AT 
FRACTURED FEATURES AND FILTER FEEDERS
Deep-sea corals and sponges are sessile filter feeders that 
require hard and stable substrate to settle and grow and 
current flow for food delivery. Created by tectonic uplift, 
Santa Lucia Bank is within a seismically active region, 
bounded by faults to the east and west. As a result of the 
long history of stress, the thinly bedded Miocene or older 
metasedimentary rocks are highly fractured. During ROV 
explorations on the flanks of the bank, we observed a 

field of talus between 1,200  m and 1,500 m depth, likely 
earthquake-induced landslide deposits. During our and 
partner ROV dives, we noted that much of the bank har-
bors relatively few and small coral and sponge specimens. 
However, at 1,000 m depth, while crossing a very steeply 
sloping scarp of a northwest-trending fault, we observed 
for the first time large coral species, including bubblegum 
corals (Figure 1) and primnoids (Parastenella sp.), as well as 
large barrel and goiter sponges.

PILES OF PETRALE SOLE IN SUSPECTED 
SPAWNING STATION
After exploring the deeper areas of the Santa Lucia Bank 
and escarpment, deteriorating weather chased us inshore 
where we completed a short dive in an area surveyed with 
an autonomous underwater vehicle (AUV) in 2005 and 
2018. The 2018 AUV imagery revealed what appeared to be 
a petrale sole spawning aggregation. Petrale sole (Eopsetta 
jordani) are commercially important flatfish known to carry 
out seasonal migrations to reproduce, but information on 
the timing and location of spawning is limited. This was a 
great opportunity to determine the persistence of a sus-
pected spawning area and to attempt to film courtship 
behavior. During the dive, we were excited to find high den-
sities of petrale sole present and observed fish clustered 
together in groups similar to those seen in 2018 images 
(Figure 2). Filming courtship behavior was difficult as the 
petrale sole were easily disturbed by the ROV’s presence; 
however, we completed a number of transects that we’ll 
use to estimate their abundance. Preliminary analysis indi-
cates that the highest densities of petrale sole were located 
on a slightly different part of the rocky feature than in 2018.

FIGURE 1 (above). Large bubblegum corals 
co-occur with California king crabs at the 
ridge of a fault scarp on Santa Lucia Bank. 

FIGURE 2 (below). A petrale sole rests its head on the body of 
another. Observed in numerous individuals and documented in 
other flatfish species, we hypothesize that this behavior is part of 
petrale sole courtship activity. Flatfishes have sensory organs on 
their dorsal and ventral surfaces so it may provide an opportunity 
for the exchange of chemical cues. 
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RICHARDSON ROCK MARINE RESERVE, 
RIFE WITH RELIEF AND ROCKFISH
Following Santa Lucia Bank, Nautilus transited south into 
CINMS to survey the Richardson Rock Marine Reserve, a 
relatively shallow area west of San Miguel Island. In 2016, 
sonar surveys conducted here revealed complex rocky hab-
itat and high fish biomass (Figure 3). While we were able 
to quantify fish abundance in the region throughout the 
entire water column, we were unable to identify the spe-
cies or count those resting on the bottom. This latter point 
is particularly critical during night surveys while many fish 
rest along the seafloor. During the 2020 Nautilus mission, 
however, we were able to visually identify the species likely 
detected during the earlier sonar surveys. We encountered 
hundreds of vermilion rockfish (Sebastes miniatus) in the 
rocky areas and few fishes in the soft sediments, similar to 
the patterns observed in 2016. Vermilions were an order 
of magnitude more abundant in rocky habitat than other 
common species, like bocaccio (S. paucispinis), speckled 
(S. ovalis), and olive rockfishes (S. serranoides) (Figure 3). The 
species observed well above the seafloor in 2016 may be 
olive and speckled rockfishes, while those near the seafloor 
may be bocaccio and vermilion rockfish. However, since 
the 2020 ROV surveys were conducted at night, we can’t 
quantify the overall abundances of all species, because 
many were resting within rock crevices. Additional daytime 
surveys are needed to confirm this hypothesis.

DEEP DISCOVERY: STEADFAST 
SPONGE SKELETONS OBSERVED IN 
FOOTPRINT MARINE RESERVE
Within CINMS, the most unexpected discovery occurred 
while exploring a deeper portion of Footprint Marine 
Reserve. Between two well-studied banks southeast of 
Santa Cruz Island, we came across a vast landscape of dead 

glass sponge skeletons. Although most of the sponge 
material was dead, there were a few patches of living tissue 
(Figure 4). Upon closer inspection, the mounds appeared 
to be composed of a sponge in the genus Farrea. While 
most sponges disintegrate when they die, glass sponges 
like Farrea have fused skeletons that can persist long after 
the sponge dies. The remnant skeletons provide hard hab-
itat that other species can attach to and grow on, and we 
observed numerous other sponge species and tunicates 
growing atop the dead mounds. This discovery has sparked 
a number of key research questions: How thick are these 
sponge mounds and how far do they extend? Why did they 
form at this location? How old are they? Why did they die? 
How similar or different are they to sponge reefs found off 
British Columbia and Alaska? We will begin a preliminary 
investigation using the environmental and acoustic data 
collected by Nautilus alongside samples of live and dead 
sponges collected by the ROV.

FIGURE 4. Estimated to be several meters tall in some areas, the 
mounds of dead glass sponge discovered during this expedition 
covered thousands of square meters. The total area is unknown, 
but researchers hope to find the assemblage’s signature in 
the sub- bottom profiling data collected by OET during earlier 
mapping missions.

FIGURE 3. EK60 echograms collected aboard NOAA Ship 
Bell M. Shimada in 2016 depict fish communities in the vicin-
ity of Richardson Rock. Photos from the Richardson Rock 
Marine Reserve show high densities of rockfish encountered.
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