» SPECIAL ISSUE ON OCEANS ACROSS THE SOLAR SYSTEM

A YOUNG SCIENTIST’S
PERSPECTIVE ON THE
FUTURE OF OCEAN
WORLDS RESEARCH

By Ashley Kleinman

Europa image credit: NASA JPL; ocean photo credit: iStock.com/da-kuk

INTRODUCTION

For centuries, humans have looked to
the stars and wondered, are we alone
in the universe? Growing up in Florida,
I always had an affinity for the ocean.
Later, my sights were set higher, focus-
ing on the stars and what may lie beyond
Earth’s atmosphere. I became intrigued
by planetary science and how exoplanets
can change our understanding of how we
define habitability.

A few years ago, my astronomy course
read the book, Rare Earth: Why Complex
Life is Uncommon in the Universe (Ward
and Brownlee, 2003). The story dove
into the possibility of finding life else-
where, with an emphasis on extremo-
philes. Once scientists understood that
life could thrive in the harshest envi-
ronments on Earth, a world of possibil-
ities regarding extraterrestrial life began
to crystallize. The idea that life can not
only be found but also thrive on Earth in
these extreme environments challenges
humanity’s perception about what we
deem habitable. However, it was not until
my first NASA internship with the Ocean
Biology & Biogeochemistry program and
the Network for Ocean Worlds that I was
exposed to a different perspective on the
search for extant life.
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My work entailed coordinating and
encouraging conversations between Earth
and planetary scientists to develop syn-
ergistic research questions to advance
our understanding of ocean worlds. This
experience solidified for me how two
seemingly diverse disciplines were actu-
ally strongly interrelated and became the
missing link I needed to combine all of
my interests. Not only has the discovery
of ocean worlds in our own solar system
amplified the belief in the possibility for
extraterrestrial life, it has also furthered
humanity’s desire to explore more of
our own ocean.

COMBINING EARTH AND
PLANETARY SCIENCE

This is a very exciting time to be in the
field of astrobiology and the explora-
tion of ocean worlds. As a young scien-
tist interested in this discipline, I see a
future with Earth and planetary scien-
tists collaborating to illuminate gaps and
enhance research directions in all their
disciplines. An area of particular interest
for me involves the study of deep hyper-
saline anoxic basins (DHABs). DHABs
are high-salinity lakes found more than
1.5 km below the ocean’s surface (Varrella
et al., 2020). The combination of osmotic

stress, permanent anoxia, and elevated
hydrostatic pressure makes them one of
the most extreme and least explored envi-
ronments on Earth. Despite these con-
ditions, life still finds a way to survive
(Fisher et al., 2021). The varied chemi-
cal conditions present in these environ-
ments serve as an ideal testing ground
for understanding the suite of condi-
tions that may be present on icy moons
(Antunes et al., 2020).

Current research suggests that the
cracks in the icy surface of Jupiter’s
moon Europa result from the subsur-
face rise and fall of ocean tides, and that
the chemical composition present on
the surface should be indicative of sub-
surface ocean composition (Johnson
et al., 2019; Zolotov and Shock, 2001).
Kevin Hand and Robert Carlson from
NASA’s Jet Propulsion Laboratory con-
ducted studies exposing NaCl to condi-
tions known to exist on Europa, notably
radiation, that resulted in a discoloration
similar to what has been observed on the
surface of that moon (Hand and Carlson,
2015). I found this result intriguing, as
the majority of DHAB environments are
NaCl dominated (Fisher et al., 2021).
Given the uncertainty of ionic compo-
sitions within icy moons, studying the



ecology of DHABs on Earth can pro-
vide valuable insights into understand-
ing the conditions that may be required
to support life beyond our planet
(Marion et al., 2003).

FUTURE MISSIONS

Though there are still many unknowns
this field,
ing upcoming space missions, such as

within there are excit-
Dragonfly, designed to explore the fas-
cinating world of Saturn’s moon Titan
(NASA, 2020; Lorenz, 2022). Hosting
many lakes of liquid methane and ethane,
Titan is one of the most interesting can-
didates for extant life. It is the only place
within our solar system, aside from
Earth, known to harbor liquid on its sur-
face (Lorenz et al., 2018; NASA, 2020).
Additionally, Europa Clipper, which is set
to launch in 2024, will explore Europa.
(NASA, 2020). This moon is intrigu-
ing to NASA, given the high likelihood
there of a liquid body of water in con-
tact with a rocky seafloor (Johnson et al.,
2019). Lying deep beneath an icy crust,
data suggest this ocean is approximately
twice the mass of Earth’s, making Europa
the prime target for a potentially habit-
able world (Johnson et al., 2019; NASA,
2020; Hand et al., 2022). So far, research-
ers have been working with decades old
data from the Galileo mission and the
Hubble Space Telescope (Howell and
Pappalardo, 2020). These future missions,
coupled with the newly launched James
Webb Space Telescope, hold the prom-
ise of changing our understanding of the
origins of ocean worlds in our own solar
system and beyond. While these tech-
nologies will take time to fully achieve
their goals, the benefits of having our
own ocean world, Earth, as a resource,
provides a more immediate opportunity
for gathering data.

THE OCEAN WORLDS
COMMUNITY

While the advancements in technology
are awe-inspiring, it is the people I have
been fortunate to work with who have
made an indelible impact. They have

been incredibly collaborative, informa-
tive, inclusive, and always willing to take
the extra time to expand upon a question
or conceptIfoundinteresting. Networking
opportunities are highly encouraged and
endless. Throughout the various activi-
ties I have attended, such as the Woods
Hole Oceanographic Institution’s Ocean
Carbon and Biogeochemistry work-
shop and NASAs annual Ocean Worlds
Meeting, the common theme has been
the accessibility of the speakers to the stu-
dents. I took advantage of these oppor-
tunities and found the participating sci-
entists eager to discuss their research as
well as offer advice for positioning one-
self for the future.

These conversations led me to mul-
tiple NASA internships and a guest
student appointment at Woods Hole
Oceanographic Institution. For any-
one interested in getting involved with
this field, my biggest piece of advice is to
take full advantage of networking oppor-
tunities, and do not be afraid to reach
out to people—you never know where it
may lead. I am consistently inspired by
the many possibilities and the variety of
people with whom I can work. Whether
an engineer, oceanographer, or plane-
tary scientist, there is a place for you in
the study of ocean worlds. My experience
interning with NASA has opened my eyes
to the possibilities within this field and
provided a foundation for expanding my
horizons during graduate studies and a
professional career.

REFERENCES

Antunes, A, K. Olsson-Francis, and T.J. McGenity.
2020. Exploring deep-sea brines as potential ter-
restrial analogues of oceans in the icy moons of
the outer solar system. Pp. 123161 in Astrobiology:
Current, Evolving, and Emerging Perspectives.
Caister Academic Press, Wymondham, UK,
https://doi.org/10.21775/9781912530304.06.

Fisher, L.A., A. Pontefract, S.M. Som, C.E. Carr,

B. Klempay, B.E. Schmidt, J.S. Bowman, and
D.H. Bartlett. 2021. Current state of athalasso-
haline deep-sea hypersaline anoxic basin
research—Recommendations for future work
and relevance to astrobiology. Environmental
Microbiology 23(7):3,360-3,369, https://doi.org/
10.1111/1462-2920.15414.

Hand, K.P., and RW. Carlson. 2015. Europa’s surface
color suggests an ocean rich with sodium chloride.
Geophysical Research Letters 42(9):3,174-3,178,
https://doi.org/10.1002/2015gl063559.

Hand, K.P., C.B. Phillips, A. Murray, J.B. Garvin,

E.H. Maize, R.G. Gibbs, G. Reeves, A.M. San Martin,
G.H. Tan-Wang, J. Krajewski, and others. 2022.

Science goals and mission architecture of the
Europa Lander Mission concept. The Planetary
Science Journal 3(1)22, https://doi.org/10.3847/
psj/ac4493.

Howell, S.M., and R.T. Pappalardo. 2020. NASA's
Europa Clipper—A mission to a potentially habit-
able ocean world. Nature Communications 11:1311,
https://doi.org/10.1038/s41467-020-15160-9.

Johnson, PV, R. Hodyss, T.H. Vu, and M. Choukroun.
2019. Insights into Europa’s ocean compo-
sition derived from its surface expression.

Icarus 321:857-865, https://doi.org/10.1016/
j.icarus.2018.12.009.

Lorenz, R.D., E.P. Turtle, JW. Barnes, M.G. Trainer,
D.S. Adams, K.E. Hibbard, C.Z. Sheldon, K. Zacny,
P.N. Peplowski, D.J. Lawrence, and others.
Dragonfly: A rotorcraft lander concept for scientific
exploration at Titan. Johns Hopkins APL Technical
Digest 34(3):374—387, https://dragonfly.jhuapl.edu/
News-and-Resources/docs/34_03-Lorenz.pdf.

Lorenz, R.D. 2022. Planetary Exploration with
Ingenuity and Dragonfly. American Institute
of Aeronautics and Astronautics Inc., 198 pp.,
https://doi.org/10.2514/4106378.

Marion, G.M., C.H. Fritsen, H. Eicken, and M.C. Payne.
2003. The search for life on Europa: Limiting envi-
ronmental factors, potential habitats, and Earth ana-
logues. Astrobiology 3(4):785-811, https://doi.org/
10.1089/153110703322736105.

NASA. 2020. Explore Science 2020-2024: A Vision
for Science Excellence. https://science.nasa.gov/
science-pink/s3fs-public/atoms/files/2020-2024_
Science.pdf.

Varrella, S., M. Tangherlini, and C. Corinaldesi. 2020.
Deep hypersaline anoxic basins as untapped res-
ervoir of polyextremophilic prokaryotes of bio-
technological interest. Marine Drugs 18(2):91,
https://doi.org/10.3390/md18020091.

Ward, P.D., and D. Brownlee. 2003. Rare Earth:

Why Complex Life Is Uncommon in the Universe.
Springer, Copernicus Book Series, 372 pp.

Zolotov, MY., and E.L. Shock. 2001. Composition and
stability of salts on the surface of Europa and their
oceanic origin. Journal of Geophysical Research:
Planets 106(E12):32,815-32,827, https://doi.org/
10.1029/2000je001413.

ACKNOWLEDGMENTS

The idea for this publication came out of a December
2019 NASA-NSF workshop entitled “Oceans Across
the Solar System” chaired by Laura Lorenzoni and
Mary Voytek. | am deeply grateful to Laura and Mary
for providing me this opportunity as well as for their
trust and guidance throughout my internships. | also
thank the co-leads | was fortunate to work with:
Chris German, Alison Murray, Jennifer Glass, Kevin
Arrigo, Tori Hoehler, Ved Chirayath, and Jacqueline
Grebmeier, who continually fostered my curiosity.

AUTHOR

Ashley Kleinman (ashleyskleinman@gmail.com) is

an intern in the Ocean Biology & Biogeochemistry
Program, NASA Headquarters, Washington, DC, USA.

ARTICLE CITATION

Kleinman, A. 2022. A young scientist’s perspec-
tive on the future of ocean worlds research.
Oceanography 35(1):66—67, https://doi.org/10.5670/
oceanog.2021.417.

COPYRIGHT & USAGE

This is an open access article made available under
the terms of the Creative Commons Attribution 4.0
International License (https://creativecommons.org/
licenses/by/4.0/), which permits use, sharing, adapta-
tion, distribution, and reproduction in any medium or
format as long as users cite the materials appropri-
ately, provide a link to the Creative Commons license,
and indicate the changes that were made to the
original content.

()cmnqgmp/y | June 2022 67


https://doi.org/10.21775/9781912530304.06
https://doi.org/10.1111/1462-2920.15414
https://doi.org/10.1111/1462-2920.15414
https://doi.org/10.1002/2015gl063559
https://doi.org/10.3847/psj/ac4493
https://doi.org/10.3847/psj/ac4493
https://doi.org/10.1038/s41467-020-15160-9
https://doi.org/10.1016/j.icarus.2018.12.009
https://doi.org/10.1016/j.icarus.2018.12.009
https://dragonfly.jhuapl.edu/News-and-Resources/docs/34_03-Lorenz.pdf
https://dragonfly.jhuapl.edu/News-and-Resources/docs/34_03-Lorenz.pdf
https://doi.org/10.2514/4.106378
https://doi.org/10.1089/153110703322736105
https://doi.org/10.1089/153110703322736105
https://science.nasa.gov/science-pink/s3fs-public/atoms/files/2020-2024_Science.pdf
https://science.nasa.gov/science-pink/s3fs-public/atoms/files/2020-2024_Science.pdf
https://science.nasa.gov/science-pink/s3fs-public/atoms/files/2020-2024_Science.pdf
https://doi.org/10.3390/md18020091
https://doi.org/10.1029/2000je001413
https://doi.org/10.1029/2000je001413
mailto:ashleyskleinman%40gmail.com?subject=
https://doi.org/10.5670/oceanog.2021.417
https://doi.org/10.5670/oceanog.2021.417

