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www.schmidtocean.org

VISION

The world’s ocean understood through
technological advancement, intelligent
observation, and open sharing of
information.

MISSION

Schmidt Ocean Institute combines
advanced science with state-of-the-art

technology to achieve lasting results in
ocean research, to catalyze sharing of
the information, and to communicate
this knowledge to audiences around the
world. We foster a deeper understanding
of our environment.
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TECHNOLOGY
FOR THE OCEANS

ERIC SCHMIDT, President
WENDY SCHMIDT, Vice President

Founders of Schmidt Ocean Institute

Schmidt Ocean Institute connects marine
scientists with innovative technologies at seq.

We operate and continuously refine
research vessel R/V Falkor to proud-
ly maintain her as one of the world’s
most technologically advanced seago-
ing scientific facilities. Researchers from
around the globe compete for the right
to work aboard R/V Falkor, and Schmidt
Ocean Institute supports the projects
that reveal the best applications of
modern technology to understand the
oceans.

As a research facility operator, Schmidt
Ocean Institute emphasizes operation-
al, technological, and informational as-
pects of ocean sciences. We believe

that the current technological boom
can accelerate the pace of all fields of
oceanography. As we outfit R/V Falkor
to meet the demands of diverse proj-
ects, we focus on improving research
workflows across all ocean sciences,
from technologically advanced marine
operations to intelligent observation,
open information sharing, and effective
communication of research outcomes.

2013 was a remarkable year for Schmidt
Ocean Institute and R/V Falkor,a year
of learning and innovation. In its first
full year of committed scientific
operations, R/V Falkor transited over



11,000 nautical miles across the Atlan-
tic Ocean, Gulf of Mexico, and Pacific
Ocean; hosted hundreds of visitors in 7
different cities; conducted 6 successful
oceanographic projects; accommodat-
ed 84 marine scientists representing 24
organizations from 9 different countries
for a total of 100 days of scientific op-
erations at sea; mapped over 20,000
square kilometers of seafloor; and sup-
ported 60 days of scientific operations
with 2 deep sea remotely operated ro-
botic vehicles onboard while streaming
live video from thousands of meters un-
der the sea to YouTube.

The following sections of this report
describe the projects that R/V Falkor
supported in 2013 and highlight our
commitment to challenging the limits
of technology to advance the pace of
marine sciences. For the first time, over
20,000 square kilometers of the larg-
est, yet previously poorly understood,
geological feature of the Gulf of Mexico,
Campeche Escarpment, has been im-
aged with R/V Falkor sonars and, within
6 months, visualized on Google Earth.
For the first time, a full ocean depth rat-
ed hybrid remotely operated vehicle,
Nereus, was deployed in support of an
oceanographic research project - ex-
ploring hydrothermal vent fields at the
Mid-Cayman Rise.

For the first time, live high-definition

video was streamed from 5000 me-
ters depth to YouTube and recorded for
posterity. Also, for the first time, any-
one around the world can explore all
compartments of the globally capable
research vessel (R/V Falkor) by taking
her comprehensive inner-space Google
Street View tour online. To foster a pro-
ductive dialog with our global scientific
user community, Schmidt Ocean Insti-
tute convened leading ocean research-
ers, technology developers, and opera-
tions experts from around the world to
our inaugural research symposium en-
titled “Accelerating the pace of ocean
science through technological advance-
ment and open sharing of information.”
The numerous resulting interactions
reaffirmed the central role technolo-
gy and innovation play in enabling the
three critical themes of modern marine
sciences: communications, observa-
tions, and discovery.

As an oceanographic facility operator,
Schmidt Ocean Institute focuses on
workflow improvement across the di-
verse range of ocean sciences, seeking
to fill the niche of technologically ad-
vanced marine operations, engineering,
and information sharing. In 2013, our
young organization had several oppor-
tunities to pursue these goals, and we
describe our achievements in the follow-
ing sections of this report.
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About 65 million years ago, an aster-
oid or comet crashed into a shallow
sea near what is now the Yucatan Pen-
insula of Mexico. The resulting firestorm
and global dust cloud caused the ex-
tinction of many land plants and large
animals, including most of the dino-
saurs. The event also produced a mas-
sive crater, devastated a wide region sur-
rounding the Gulf of Mexico, stimulated
a massive slope failure that covered the
floor of the Gulf of Mexico, and indelibly
marked the Cretaceous - Paleogene (K-
Pg) Boundary with distinctive sediments
world-wide. Dr. Charlie Paull of the Mon-
terey Bay Aquarium Research Institute has
long suspected that rocks associated with
the impact might be exposed along the
Campeche Escarpment, a 600-kilometer
long underwater cliff just northwest of the
impact crater on the Yucatdn Peninsula.
Nearly 4,000 meters tall, the Campeche
Escarpment is one of the steepest and
tallest underwater features on Earth. It
is comparable to one wall of the Grand
Canyon except that it lies thousands of
meters beneath the sea.

Even before R/V Falkor had returned to
port, the high-resolution relief images of
the entire Campeche Escarpment had
been posted online on Schmidt Ocean
Institute’s website. Since then, the data
from this cruise have been incorporated
into Google Oceans, making them avail-
able for reference to the scientific com-
munities and general public. The raw mul-
tibeam data set will reside in the National
Geophysical Data Center, where it will be
readily available for reference or re-pro-
cessing to any interested researchers
around the world. Dr. Paull said, “l view
this as an interesting experiment to eval-
uate whether rapid release of the multi-
beam data increases its utility and ulti-
mately the scientific impact of the cruise.”
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High-resolution seafloor relief imagery and
bathymetric data produced as a result of this
collaboration between Schmidt Ocean Insti-
tute and Monterey Bay Aquarium Research
Institute have been made available to aca-
demic audiences, presented at conferences,
and openly shared online. On December 12th
2013, Dr. Paull presented these materials at
the American Geophysical Union fall meeting
in San Francisco, CA. Visualization of the ac-
quired data is now openly available to any-
one online, and was also adapted for immer-
sive demonstrations using the Google Liquid
Galaxy technology. An article discussing this
project and its impact upon our understand-
ing of the Earth’s geologic history was pub-
lished by NBC News Science division.

Google earth
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In June 2013, R/V Falkor supported an
international research team led by Dr.
Chris German from Woods Hole Ocean-
ographic Institution (WHOI). This study
targeted the Mid-Cayman Rise, Earth’s
deepest and slowest spreading mid-
ocean ridge, home to diverse and re-
markably abundant habitat surrounding
deep submarine hydrothermal vents.
Hybrid underwater robotic vehicle Nere-
us was used to trace chemical and ther-
mal plume signals in the deep water to
locate their origins at the Piccard and
Von Damm vent fields, first discovered
in 2009. The team also aimed to explore
for two new hydrothermal vent fields,
Europa and Walsh to better understand
the limits to which life can exist in such
extreme environments. This was the first
time that Schmidt Ocean Institute had
supported operations of the state-of-
the-art deep submergence vehicle Nere-
us aboard R/V Falkor.

R/V Falkor hosted a variety of scientif-
ic operations during the two legs of the
cruise, including CTD casts, multibeam
mapping, and deployments of HROV
Nereus as both Autonomous Underwa-
ter Vehicle (AUV) and Remotely Operat-
ed Vehicle (ROV) for mapping, sampling,
and data collection. One of Falkor's no-
table features is that she is very acous-
tically quiet, which is helpful when col-
lecting high quality acoustic data such
as seafloor maps.

~

HROV Nereus provided the research
team with an additional source of high-
resolution seafloor mapping data and
enabled interactive research and sam-
ple collection at the vent sites. Live
video captured by HROV Nereus was
streamed to YouTube and around the
world using R/V Falkor's satellite Inter-
net connection.

Swatch seafloor mapping and the data
from conductivity, temperature, and
depth (CTD) profiles collected during
the first leg of the expedition indicat-
ed the potential presence of previous-
ly unknown current patterns near the
seafloor, which the researchers are now
able to start interpreting. While operat-
ing in an AUV mode, Nereus dove to the
Von Damm vent site and collected new
magnetic data sets which had not been
available previously, and may provide
insights into the sub-seafloor plumbing
for the Von Damm vent field.

HYDROTHERMAL EXPLORATION



Notably, scientific data sets collected
by HROV Nereus during the first leg of
this cruise were among the very first
scientific data sets ever collected by
this vehicle in an AUV mode since the
vehicle was launched in 2009.

Following the AUV operations, HROV
Nereus was converted into ROV mode
and outfitted with high definition cam-
eras donated by James Cameron.
These cameras were originally devel-
oped for the Deepsea Challenger ve-
hicle. This was the first project where
HROV Nereus was used in a sustained
oceanographic research program, as
opposed to a technology R&D pro-
gram and performing routine scien-

tific operations. Using HROV Nereus
in ROV mode, the researchers col-
lected high temperature vent fluids
and geological and biological sam-
ples, and conducted in-situ measure-
ments. The state-of-the-art high-defi-
nition cameras provided the global
community with a rare live view of
the hydrothermal habitats online via
Schmidt Ocean Institute’s web site
and YouTube. Throughout the HROV
dive program, Schmidt Ocean Insti-
tute staff and scientists onboard R/V
Falkor tweeted links to the live dive
feeds and commentary about the on-
going activities.



HROV Nereus preparing to take a temperature measurement of
hydrothermal fluids while capturing video of shrimp, anemonies, and other
inhabitants of hydrothermal vent ecosystems at the Mid-Cayman Rise in
June of 20]13.

“Watching Nereus live
from my office is alimost
like being in Falkor's
control room!”

DR. CODY SHEIK, UNIVERSITY OF MICHIGAN
GEOMICROBIOLOGY LABORATORY

This was the first time an entire Nereus
dive sequence was not only streamed
live over the Internet, but also simulta-
neously archived online. With approxi-
mately 60 hours of high-definition HROV
video recorded on YouTube for posterity,
we hope to have established a precedent

for the future research projects.

After this expedition, Dr. German remote-
ly participated in another cruise back to
the two visited vent sites, which he be-
lieved host a new style of venting, never
seen before. He was able to direct the ro-
botic vehicles to revisit the R/V Falkor’s
Leg 1study area and found low tempera-
ture and relatively weak fluid flow seep-
ing out from a hillside. Rock fractures in
the hillside caused sinkholes in the sed-
iment and created pathways for fluid to
flow from under the seafloor, just as he
had expected, but had not witnessed this
previously.

HYDROTHERMAL EXPLORATION
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R/V Falkor completed the first-ever high-
resolution map of deep reefs near the is-
land of Roatan in Honduras. The Roatan
escarpment is believed to be one of the
steepest in the world, plunging to 2,500
meters depth within 5 kilometers off shore.

Dr. Peter Etnoyer, a marine ecologist at
NOAA’s National Centers for Coastal
Ocean Science, and his colleagues, with
support from Schmidt Ocean Institute,
have been exploring the deeper slopes
on the Meso-American Barrier Reef off
Roatan’s coast. Previously existing maps
for the reefs were poor resolution, about
Tkm, which is insufficient to discern the
rocky plateaus and outcroppings where
corals are likely to be found. R/V Falkor's
echosounders created maps with resolu-
tion in the 5 to 10-meter range, which re-
veals those critical features. Systematic ex-
plorations of this biologically rich deep sea
environment are now possible where they
were not before.

Within only 12 hours on July 10, 2013, the
ship’s personnel mapped approximate-
ly 650 square kilometers of the reef in
depths ranging between 50 and 2,500
meters depth. This new resource will cata-
lyze research on the deep Meso-American
Reef and facilitate conservation and man-
agement of Roatadns deep-sea reefs.

MAPPING DEEP CORAL REEFS OF ROATAN
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Leg 1: Collecting Basic Oxygen Measurements

Led by Dr. Richard Dewey from the Uni-
versity of Victoria and Ocean Networks
Canada, a team of Canadian research-
ers aimed to collect basic oxygen and
other oceanographic measurements
around Vancouver lIsland, in order to
better understand the paths that deep,
low-oxygen waters take as they move
inland. Two cabled observatories, NEP-
TUNE and VENUS provide vast amounts
of information about sea water at fixed
locations offshore and inshore, but miss
some of the story on how the deep wa-
ter moves from the ocean’s abyss to the
continental shelf inland and into coast-
al waters. This research cruise focused
on measuring seawater characteristics
along the most likely paths (similar to
rivers and creeks, but submerged) for
the flow of the low-oxygen waters, with
hydrographic and tidal flows directed by
submarine landscape. The data collect-
ed will provide a foundation for future
studies and will also lead to a better un-
derstanding of Canadian coastal waters.

One of the key scientific systems used
during this cruise was the Moving Ves-
sel Profiler (MVP). MVP is designed to
repetitively deploy various instruments
such as oxygen sensors, through the
full water depth while towed behind a

research vessel, vyielding a constant
stream of collected data and enabling
efficient studies of large areas.

Altogether, the MVP was towed for
nearly 2,500 kilometers during 10 sur-
veys, with each survey ranging in dura-
tion from 12 to 40 hours, creating thou-
sands of profiles. The MVP was used to
characterize vertical sections of water
across large topological features, such
as a shelf break and axes of canyons.
Between MVP sections, CTD rosette
casts were conducted to cross-reference
and calibrate the MVP measurements.

To augment the basic chemical data col-
lection, R/V Falkor's sonar system was
utilized to map the bottom topogra-
phy that controls water movement. The
sonars were also used to quantify the

DYNAMICS OF HYPOXIA



plankton and fish present in the study areas,
and measure currents in the region.

Although data analysis continues, preliminary
results suggest that during the late summer
(August), the relative roles of the various can-
yons cutting into and across the continental
shelf west of Vancouver Island may shift. Pre-
vious measurements from earlier in the sum-
mer (June) had indicated the Juan de Fuca
Canyon, cutting through the continental shelf
and connecting the continental slope with the
Juan de Fuca Strait, played an important role
in bridging a pathway from offshore to inshore.
However, the data collected during the August
2013 R/V Falkor cruise did not fully support
this. Deep water from the continental slope
appeared to spill onto the shelf at the head of
Barkley Canyon, feeding a region of relatively
low-oxygen water on the midshelf.

These results will help the scientists to better
understand the exchanges between offshore
and inshore regions, and in particular,the ave-
nues taken by low-oxygen deep water, which is
known to have potentially disastrous conse-
guences on nearshore ecosystems.

GO FURTHER

Scan to take
a virtual tour

of R/V Falkor.

http://goo.gl/1Dsnsz
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YEAR OF
FIRSTS

R/V FALKOR MAKES ITS FIRST
PANAMA CANAL PASSAGE

In mid-July, R/V Falkor
transited through the Panama
Canal for the first time in

the vessel’s 32 year history.
After departing Montego Bay,
Jamaica, R/V Falkor motored
towards Cristobal, the
Caribbean Gate to the Panama
Canal. The ship was prepared
and cleared in and started the
Panama Canal Passage on July
13th. R/V Falkor had a smooth
evening passage through the

Gatun locks, Lake Gatun, the
Cut and eventually through
the locks Pedro Miguel and
Miraflores. R/V Falkor entered
the Pacific Ocean in the
morning of July 14th.
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Leg 2: Video records of life
in low-oxygen zones

During the second leg of the research cruise,
led by Dr. Kim Juniper from the University of Vic-
toria and Ocean Networks Canada, Canadian
ROV ROPOS was used to document marine life
in low-oxygen waters around Vancouver Island.
High-definition video and digital still cameras
on ROPOS allowed researchers to relate deep-
water biodiversity to data collected during the
first leg of the cruise. This correlation enabled re-
searchers to understand how reduced oxygen lev-
els influence seafloor ecosystems. Since low-ox-
ygen ocean areas are expanding globally, these
findings also provided a glimpse of future marine
ecosystems. ROPOS and R/V Falkor conducted
imaging and sampling surveys in three locations.
Dives began in Saanich Inlet, where natural pro-
cesses cause oxygen levels in deeper waters to
become seasonally anoxic (approach zero). The
expedition then moved offshore to Barkley Can-
yon. Low-oxygen conditions prevail in its middle
reaches (400 - 1200 meters depth). A brief sur-
vey in Tully Canyon, near the entrance to Juan
de Fuca Strait, provided a look at a shallower
ecosystem impacted by low-oxygen waters.

DYNAMICS OF HYPOXIA



In Saanich Inlet, several species liv-
ing on the muddy bottom and rocky
fiord walls are known to be very tolerant
of low-oxygen conditions. The Saanich
Inlet dives focused on the boundary
between deep waters that were com-
pletely devoid of oxygen (anoxic) and
waters just above that had very low lev-
els of oxygen (hypoxic). A few, very
resilient organisms survive and even
thrive in this transition zone. Video sur-
veys were used to define the low-
er limits for the distribution of these
low-oxygen specialists. One animal of
particular interest was a small seabot-
tom dwelling flatfish called the slender
sole (Lyopsetta exilis), which the video
feed showed to be very abundant
on sediments near the hypoxic-an-
oxic boundary. Researchers used the
high-definition video camera to record

slender sole
understand how this fish

the behavior of the
and to
adapts to low-oxygen conditions by
changing the rate at which it pumps
water over its gills. Scientists hypoth-
esize that this behavior may provide
the slender sole with a competitive
advantage over other sole species, in
areas where low-oxygen waters are
expanding. Further up the fjord, where
steep, rocky walls plunge down into
anoxic waters, ROPOS collected a hy-
poxia tolerant anemone for the first
time and it may be a new species!

At Barkley Canyon, ROPOS set up a
year long experiment designed to test
how seafloor ecosystems in low-ox-
ygen zones respond to  plankton
debris, food for bottom organisms,
sinking down from the surface ocean.
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During the second phase of the Barkley
Canyon expedition ROPOS conducted
transects at various depths to doc-
ument the animals found above, below,
and within the oxygen minimum zone.
Comparing the species found at differ-
ent depths and oxygen levels will pro-
vide a better understanding of which
species are best suited to low-oxygen
habitats. Additionally, researchers used
the ROPOS robotic arms to collect spe-
cies observed in the video for identifi-
cationin the lab, some of which might
prove to be new to science. The dive
program concluded with two, video-on-
ly transects in low-oxygen sections of
Tully Canyon, off Washington’s Olym-
pic  Peninsula. These dives provided
the first ever look at this area, which
lies within the Pacific Coast National
Marine Sanctuary. Scientists returned
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home from the expedition with hun-
dreds of hours of video and thousands
of digital still images of unknown and
little-studied species in their natural sea-
floor habitats, and numerous samples of
seafloor organisms and mud cores. The
imagery archive and physical samples
represent an immensely valuable lega-
cy that will support research projects for
the next several years. They will be ana-
lyzed to identify species, determine food
chain connections and reveal chemical
properties of bottom sediments; all with
the ultimate goal of understanding how
low-oxygen conditions are shaping ma-
rine biodiversity and ecosystem function.

DYNAMICS OF HYPOXIA



R/V Falkor transiting under the Golden Gate Bridge upon her departure from
San Francisco in early August of 2013
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YEAR OF
FIRSTS

R/V FALKOR MAKES ITS FIRST
VISIT TO SAN FRANCISCO

On July 28th, R/V Falkor
made her way beneath the
Golden Gate Bridge and into
San Francisco Bay for the

first time. Falkor visited San

Francisco at the invitation of
the Exploratorium, and docked
alongside their new facility

at Pier 15. The Exploratorium
graciously hosted Schmidt
Ocean Institute for a reception
with over 150 guests and over
300 people toured Falkor at
public and invitation events
during her visit.
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Exploring Viruses, Microbes, and Carbon in the
Subseafloor at Axial Seamount

Scientists have recently recognized
that seemingly isolated rocks beneath
the seafloor are a haven for microbi-
al life. Biological activity in this sub-
seafloor realm likely impacts ocean
chemistry and the ocean’s critical ca-
pacity to store carbon and maintain
the planet’s habitability. On Septem-
ber 22, R/V Falkor departed Victoria,
British Columbia with the remotely
operated vehicle ROPOS to sail to the
underwater volcano, Axial Seamount,
about 575 kilometers to the southwest.
There, Dr. Julie Huber and her team,
representing four institutions, began
an unprecedented study of the mi-
crobes and viruses that live within the
rocky layers beneath the seafloor.

The subseafloor environment does not
directly receive organic matter derived
fromm photosynthesis. The understudied
food webs in the subseafloor instead
begin with microbes able to produce
energy and food from chemicals and in-
organic carbon via chemosynthesis. Vi-
ruses, likely plentiful there, are expected
to play a critical role in microbial evolu-
tion and the release of carbon and oth-
er nutrients back into the subseafloor.
To examine these subseafloor microbes
and viruses, the team utilized ROPOS
with two specialized samplers support-
ed by the Marine Microbiology Initiative

at the Gordon and Betty Moore Foun-
dation. The Hydrothermal Fluid Particle
Sampler filtered vent fluids for chemical
analyses and enrichment experiments
and collected and preserved microbial
samples for genetic analyses. The Large
Volume Water Sampler collected suffi-
cient quantities of viruses to allow for
their manipulation and study. The team
also collected samples from gushing hy-
drothermal vents using an isobaric gas-
tight sampler that can be used in water
temperatures up to 400°C.

Sample analysis is ongoing in individual
laboratories and preliminary results in-
dicate the experiments at sea were ex-
tremely successful. Dr. Huber and her
team are moving forward to create an
ecosystem level model for subseafloor
communities at Axial Seamount.
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Anemones observed with
HROV Nereus at 2500
meters depth at the Von
Damm hydrothermal vent
field, Mid-Cayman Rise, in
June of 2013.
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ROV ROPOS mobilized on R/V Falkor and prepared for deployment
to collect video records of life in and around low-oxygen zones near
Vancouver Island, Canada.
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In November, collaborators and advisers of Schmidt Ocean Institute, along with
thought leaders in ocean sciences and related disciplines from around the world
convened in Honolulu to discuss pathways to accelerating the pace of ocean
sciences through technological innovation and open sharing of information.
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