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Advancing Ocean Science and Exploration through Telepresence

In 1872, HMS Challenger set sail on what was the first dedicated
oceanographic expedition. The six scientists and 200 sailors on board
were faced with developing a suite of new tools and methodologies to
enable them to study the ocean as never before. This small team, en-
tirely isolated from the broader scientific community, developed a
myriad of new technologies during their four-year expedition. From
new thermometers that record the temperatures at depth to novel
sampling nets that could collect animals from the deepest seafloor, their
efforts laid the groundwork for how we study our ocean today.

Ocean science has always benefited from the development of new
technologies. In the mid-20th century, innovations in sonar, deep-sea
cameras, and submersibles helped plate tectonics progress from being a
dubious idea to a universally accepted paradigm (Heirtzler and Le
Pichon, 1974). These technologies also helped to create brand new
fields of research, such as deep sea archaeology (Mindell & Croff, 2002).
Advances in genomics and other high-throughput analytical technolo-
gies have led to a massive surge in the sequencing and understanding of
microbes and animals alike (Venter et al., 2004; Zhang et al., 2012), as
well as the identification of novel biomolecules that play a formative
role in our ocean’s biogeochemical cycles (Karl et al., 2008). Continuing
advances in remote sensing, imaging, and autonomy are producing
unprecedented maps of the seafloor and sea surface, which form the
foundation of geological and geophysical research as well as provide a
critical framework for geochemical and biological studies.

The advent of these and other technologies continue to propel ocean
science into a future where autonomous data collection, high-performance
computing, and increased artificial intelligence are ever present. Yet these
aforementioned technologies do not address an issue that has challenged
marine scientists since the inception of oceanography: isolation while at
sea. Whereas life at sea affords many benefits, such as the absence of
distractions found on shore, the inability to consult with scholars within
and outside of one’s field can quickly limit the efficacy of exploration and
research. Decisions about where to explore and how to react to a discovery
have been based entirely on shipboard scientists’ experience and under-
standing. She or he may select an area for exploration based on her or his
deep knowledge of a particular phenomenon, but may be ill-prepared to
respond to unexpected findings outside of their expertise. For example,
there wasn’t a single biologist on board R/V Knorr in 1977 when hydro-
thermal vents were seen for the first time – a discovery that not only
explained the missing heat in geothermal models, but also revolutionized
our understanding of life on Earth. It is a foregone conclusion that the
efforts of seagoing scientists would benefit from realtime engagement with
a broader, more scientifically diverse community.

Today, scientific interactions can extend well beyond the confines of
the ship through satellite-based real-time connectivity between the

shipboard personnel and land-based communities thousands of kilo-
meters away. This capacity is called telepresence, which we broadly
defined as any ship-to-shore communication technology that enables
persons to communicate at length, with sufficient bandwidth, to allow
for meaningful scientific, engineering, and educational exchange.
Telepresence technology was first used in oceanographic science in
1989 by Dr. Robert Ballard’s JASON Project to immerse students in real-
world expeditions. The project was created “to provide live telecasts
from remote sites enabling students to observe and participate in the
process of scientific discovery as it occurs” (Bazler et al., 1993).
Amazingly, before the advent of the internet, the JASON Project
reached hundreds of thousands of students around the world via tele-
presence.

Over the last 30 years, four primary benefits of oceanographic tel-
epresence have emerged: (1) increasing education and outreach for a
global audience, (2) broadening participation in oceanography for
those who cannot sail, (3) compensating for reduced ship size, and (4)
augmenting the capacity of at-sea science parties. The JASON Project’s
legacy of telepresence for oceanographic education and outreach con-
tinues today. Several non-profit programs, for example the Ocean
Exploration Trust’s Exploration Vessel (E/V) Nautilus (www.nautilusli-
ve.org), and Schmidt Ocean Institute’s R/V Falkor (www.schmidtocea-
n.org), as well as federal programs such as NOAA ship Okeanos Explorer
(www.oceanexplorer.noaa.gov/) and UNOLS vessels, reach millions of
people around the world via telepresence, imparting the excitement and
wonder of the oceans and exploration (Fundis & Bell, 2014). Most im-
portantly, telepresence enables these organizations to give the public a
“front row seat”, so to speak, in studying our ocean. These activities
provide an opportunity for scientists to underscore the importance of
our global ocean, to emphasize that the ocean remains largely un-
explored, and to impart upon the layperson the critical need to explore
and understand our world. Telepresence can do this in a meaningful
way, by bringing ocean expeditions into classrooms, museums, and
people’s living rooms. This is critical for encouraging students to engage
in science, technology, engineering, and math (STEM) courses, enter
STEM fields and become informed and science-literate citizens. Alto-
gether, the ability to win the hearts and minds of the public on the
importance of our oceans and oceanographic research is critical, not
only for developing a science-literate citizenry, but also for maintaining
and growing national science programs.

Telepresence is also effective in broadening participation in ocea-
nography for those unable to go to sea. Being on board a research vessel
is physically rigorous and removes seafarers from their community,
often for long stretches of time. This can be prohibitive for researchers
with heavy teaching and mentoring responsibilities or personal

https://doi.org/10.1016/j.dsr2.2018.05.008

Deep-Sea Research Part II 150 (2018) 1–3

0967-0645/ © 2018 Published by Elsevier Ltd.

T

http://www.sciencedirect.com/science/journal/09670645
https://www.elsevier.com/locate/dsr2
https://doi.org/10.1016/j.dsr2.2018.05.008
https://doi.org/10.1016/j.dsr2.2018.05.008
https://doi.org/10.1016/j.dsr2.2018.05.008
http://crossmark.crossref.org/dialog/?doi=10.1016/j.dsr2.2018.05.008&domain=pdf


obligations that may not allow flexibility for being away for long per-
iods of time. Telepresence technology has also been used to allow re-
searchers who have physical limitations or other conditions that pre-
clude him or her from sailing to participate in cruises. For example,
University of Rhode Island assistant professor Dr. Melissa Omand led a
cruise from the Graduate School of Oceanography’s Inner Space Center,
when she was eight months pregnant (Kuffner, 2015).

Another reason that inclusion of shoreside scientists is important is
to compensate for the shrinking bunk space on ships. The US fleet of
large “global class” research vessels is aging, and though their re-
placements are now coming online, they carry about 50% fewer sci-
entists per expedition (National Research Council, 2015). Ocean sci-
entists are also now expected to engage in more substantive outreach
efforts, which often means bringing outreach coordinators, teachers,
and students to sea. All of these changes have tremendous upsides, from
the retirement of less efficient ships to the inclusion of a more diverse
group of scientists and educators, but they do put a strain on shipboard
accommodations.

The fourth benefit, and the focus of this issue, is the capability of
telepresence to augment the capacity of at-sea science parties. The first
telepresence-enabled oceanographic cruise was led from the University
of Washington by Dr. Deborah Kelley to the Lost City hydrothermal
vent field in 2005. For this effort, Dr. Kelley assembled a team of sci-
entists from around the world to convene at the University of
Washington’s Exploration Command Center (ECC). From there, the
scientists were able to direct operations on the R/V Ronald Brown, a
research vessel equipped with remotely operated vehicles. The scien-
tists on board the vessel coordinated the vehicle operations using input
from the scientists on shore. This effort was not without challenges, but
nevertheless it clearly demonstrated the reality of telepresence-enabled
research.

Today, with the advent of high-speed internet and internet-enabled
portable devices like mobile phones and tablets, participants are not
confined to an ECC, but can participate from anywhere with an internet
connection. Since 2010, Nautilus and Okeanos Explorer cruises have
included hundreds of scientists ashore participating from all over the
world during several months of expeditions per year. Telepresence
technology is increasingly used on UNOLS vessels as well (Marlow
et al., 2017). Opening cruises up to wider participation benefits the
scientific community by increasing the diversity of talent, mindset,
expertise, and leadership, which will increase discoveries and innova-
tion.

To date, telepresence has been of inestimable value to ocean ex-
ploration programs such as the Okeanos Explorer and Nautilus.
Discovering something new or unexpected is routine on these vessels, so
having a wide variety of experts to call upon is critical in making the
most of the cruises. An expert on shore can quickly assess a discovery
and provide information on how to best document a site. This is par-
ticularly important for maritime heritage sites that are periodically
encountered or planned as a part of only one dive of an expedition.
Having archeologists tune in to help determine the approximate age or
origin of an ancient shipwreck, can also help frame the discovery and its
importance. The results of two such expeditions, one with unexpected
shipwreck discoveries (Ballard, et al.) and one planned wreck survey
(Delgado et al.) are presented in this volume.

Sometimes a team of scientists will assemble in one location, such as
an ECC, to receive low-latency video and audio streams from the ex-
ploration vessels at a centralized location. The ECCs are equipped with
communications systems that allow two-way real-time communication
to a number of locations on the vessel, allowing interested scientists to
directly communicate with watchstanders at any time. The ECCs are
incredibly effective when a large team of scientists is interested in the
expedition, but cannot sail. The shoreside team can participate in dives
together from one location and be in direct communication with the
ship. This allows groups to better coordinate with the ship and even set
up watches or teams to process data from the ship on shore. This mode

of operation has been used to direct dives or entire cruises from shore.
Results from telepresence-led dives are included in this volume
(Delgado et al.; McVeigh et al.; Michel et al., Mittlestaedt et al.; Netburn
et al.).

A further, distributed model – one that does not restrict people to a
particular location or database – occured with the increased availability
of high bandwidth internet and wifi enabled mobile or portable devices.
Today, any researcher can express interest in cruises and become part of
the shoreside team by simply completing an online form. Scientists
receive invitations to planning calls, cruise plan documents, updates
from the vessel, and dive plans. They also receive credentials for a
science chat log account so they can communicate directly with the
science watchstanders on the ship. This allows remote participants to
make observations that are logged and become part of the scientific
record that can be reviewed after the cruise with other data and images.
Remote scientists can also suggest courses of action or suggest sites of
interest that would not otherwise warrant an entire cruise. Examples of
research from this distributed model can be found in several manu-
scripts in this volume (Conrad et al.; McGann et al.; Mundy et al.; Myhre
et al.; Powell et al.; Yoklavitch et al.; Williams et al.).

Coordinated follow-up on cruise findings has allowed many cruises
to yield high visibility results including work in the Galapagos Marine
Reserve, where over 20 scientists have been using biological, geolo-
gical, and water samples to learn more about the hydrothermal vent
and seamount communities around the Galapagos Islands. Some results
are presented here (Lubetkin et al.; Schwartz et al.), while others have
been published elsewhere (Cairns, 2018; Salinas de Leon et al., 2018).
The network of scientists not only helps raise the visibility of the cur-
rent expeditions, but also the awareness of the rich data and video
archive that scientists use for their own research and cruise planning.

Another example of coordinated follow-up that yielded high interest
in a region was the Nautilus expedition to the Cascadia Margin in 2016
(Seabrook et al.; Dziak et al.). Over 1,000 seep sites have been identi-
fied from Nautilus data and interest in understanding more about the
methane seeps and their impact on the environment have generated
interest to spark several follow-up cruises in 2018 to the area on E/V
Nautilus led by Pacific Marine Environmental Laboratory scientists, R/V
Falkor led by Woods Hole Oceanographic Institution scientists, and
other vessels supporting USGS and University of Bremen scientists. The
interest in this region would not be possible without the seed in-
formation that exploration vessels provide and without telepresence-
equipped vessels, the interesting discoveries that warrant follow-up
studies would likely not be as rapidly and as widely known.

Scientists who want to study broad time or spatial scales that are
beyond the scope of a single cruise can piece together information from
multiple exploration cruises to gain new insights (e.g. Etnoyer et al.).
While scientists have begun to take advantage of the ascent and descent
of our remotely operated vehicles by requesting mid-water transects or
integrating technology to better capture mid-water information, this is
still an under-explored part of our oceans (Netburn et al.). However,
exploration platforms are also excellent opportunities for remote sci-
entists to test new methodologies, technologies, or sampling regimes
(Everett et al.).

The purpose of this volume is to report on the results of tele-
presence-enabled cruises. We hope that you gain insight into the cur-
rent state of oceanographic telepresence-enabled research and ex-
ploration from the manuscripts herein. Although telepresence is the
common thread throughout the volume, each paper focuses on different
scientific topics, and each uses telepresence slightly differently, which
reflects the diversity of methods and illustrates the utility of tele-
presence for an array of scientific fields. Telepresence adapts to the
researchers’ needs and can be used in different ways to augment or even
supersede the sea-going research team. It is our assertion that, in the
future, the use and results of of telepresence to conduct oceanographic
research will not require a special feature, but will instead a common
practice throughout ocean science and exploration.
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