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Overview

The deep sea is more than 90 percent of the inhabitable space on Earth, yet life there is largely a
mystery to science. Ctenophores, also known as comb jellies, are marine predators found in all
oceans, inhabiting both deep and shallow seas. Although fragile and difficult to study, they are
ecologically important components of planktonic food webs. Also, they appear to have been
the first group of animals to split off from all other organisms during evolution, even before
sponges and jellyfish. Comb jellies are derived from an independent evolutionary lineage than
cnidarian jellyfish, and use colloblasts (‘glue cells’) to capture prey instead of stinging cells.
Ctenophores also use rows of cilia, arranged in bands of combs, to swim instead of rowing or
jet propulsion. Over evolutionary time, many marine animals have transitioned their home
ranges between shallow and deep environments despite the huge differences between these
two habitats, including light, temperature, and pressure. Such habitat shifts required dramatic
genetic and physiological changes to these animals. In this project, we examined the diversity
of biochemical characteristics of ctenophores from around the world, with particular focus on
species from representative habitats off California and Hawai’i, and in Puget Sound.

Significant project results

Transcriptome sequencing

Transcriptomes — generated by sequencing messenger RNA — provide a snapshot of all the
genes that an organism is using at a given time. Once we have generated high-quality
transcriptomes from rare deep-sea species, we can explore a wide diversity of adaptations
without collecting more specimens. Our transcriptomes from shallow tropical and Arctic
specimens as well as from species living at 4000 meters depth, enabled many of the studies
that we have undertaken for the DEEPC project.
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Metabolic enzymes

Enzymes are proteins used in metabolism and are important nearly all active processes, like
feeding, locomotion, and respiration. Using 320 specimens of 39 species, we described the
relationships between activities of metabolic enzymes in relation to biological and
environmental parameters. We found a significant positive relationship between creatine
kinase (CK) activity and comb plate density. Significant correlation of enzymatic activities to
body mass were observed for ctenophore orders, but not at the whole-phylum level. This
demonstrates that the different orders have diverse strategies for coping with metabolic
demands. Ctenophores did not display metabolic differences between shallow and deep
species, in support of the visual-interactions hypothesis, which predicts no depth-related trend
in metabolic differences for animals without vision.

Pressure effects on enzymes

Using 177 specimens from 27 species, we examined the effects of high pressure on 3 metabolic
enzymes, CK, malate dehydrogenase (MDH), and pyruvate kinase (PK). Some ctenophore
species displayed broad pressure tolerances, while other enzymes functioned best at the
pressure of their natural habitat. After treatment, CK and PK showed an abnormal spike upon
return to ambient pressure, indicating permanent damage to the protein. Of the three enzymes
studied, PK was the most affected by increasing pressures while MDH activity remained
relatively stable.
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CROSS SECTION OVERVIEW

External
Internal

Ctenophore sticky cells

Colloblasts are sticky cellular structures found exclusively in
ctenophores, mainly on their tentacles. Using electron microscopy, we
prepared an extensive comparative survey of the morphology and

arrangement of these fascinating structures, spanning 20 species from “*/ &a =7 sk
across the phylum. Gl == e
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Barcoding primers and population genetics b

When people talk about DNA fingerprinting of animals, they Root
typically employ the “barcoding” gene, cytochrome oxidase 1 (COI).

Until now, this gene has been barely usable for ctenophores, because

their mitochondria, where the gene resides,
are so different from other animals. As a
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result, most “universal” DNA amplification
primers are rendered useless. We developed a
large set of primer pairs which work across
the diversity of ctenophores. We then applied
these primers to hundreds of specimens
collected around the world, and increased the
number of species represented in GenBank by
more than 5 fold. This foundation empowers
researchers to perform environmental DNA
surveys as well as population genetics. We
used these primers to perform population
genetics on open-ocean ctenophore species,
finding many cryptic species as well as
surprising patterns of species delineation in
the open ocean, where there few apparent
barriers that could allow species to diverge.
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Lipids under pressure

Using samples collected from tropics to polar to deep-sea habitats, we characterized fatty acid
composition of ctenophores, to see how their lipid membranes maintain function at low
temperature and high pressure. Surprisingly, we found that the adaptations in chain length
and number of double bonds were different for temperature and for pressure. We
characterized the full diversity of ctenophore lipids using mass spectrometry. Using the
synchrotron at Cornell University, we examined the x-ray scattering of lipids under high-
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pressure, revealing for the first time exactly how the

structures of the lipids change when pressurized. This \

will lead to new insights on the mechanisms that allow 16. changgth
ctenophore cells to function down to 7000 meters. - DBI
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High-pressure experimentation [ ]

Graduate student Jacob Winnikoff designed and helped

build a temperature-controlled high-pressure cuvette

chamber. This device allows us to characterize the properties of enzymes and lipids while
sweeping across a computer-controlled landscape of environmental conditions.
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Origins of light-emitting molecules
Our previous work on the bioluminescence of ctenophores Univ. Miami Monterey Bay Aquarium
showed that they might have genes involved in the é é
synthesis of the luminous substrate coelenterazine. Using 4
ctenophores kept in culture for up to 15 generations, we M. licyi B inndituiom . cafomensis
were able to show that ctenophores do have the ability to r
synthesize coelenterazine, making them suitable models \ >
L]

for revealing this important biosynthetic pathway.

coelenterazine (m/z 424—302)
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Genomics and Phylogenetics

Discovered instances of horizontal gene transfer in ctenophores. Provided insights into the
reproductive ecology Mnemiopsis leidyi, which in turn led to a husbandry resource for these
ctenophores. Showed that the Mnemiopsis leidyi regulate gamete production via conspecific
communication. Identified genes involved in tentacle-specific cell types that were lost as a
result of the evolutionary loss of tentacles in a lineage of ctenophores. Produced a
reconstruction of the evolution of sexual modes throughout the history of animals. Published
an update of the Mnemiopsis Genome Project Portal.

Contributed to the genome annotation of a freshwater sponge (Ephydatia muelleri) and a sea
urchin (Echinometra sp. EZ). Sequenced, assembled and annotated the genomes of the sea
cucumber Holothuria glaberrima, and the tunicate Corella inflata.

Created the concept of phylotocol for transparent practices during phylogenetic analyses. Also
showed that the commonly deployed six-state amino acid recoding strategy which has been
applied to more than 90 published phylogenetic studies, produces suboptimal results.

Broader Impacts, Outreach, and Communication

The DEEPC project provided research training opportunities for 21 undergraduate students
and 16 graduate students. We also provided research opportunities to several dozen other
collaborating scientists aboard our research expeditions locally and in Hawai'i. (Participants
are listed in a supplementary table.)

Research Expeditions

We conducted 114 ROV dives in support of the project during 11 expeditions on the R/V
Western Flyer. We also conducted two UNOLS-supported research expeditions in the waters of
the Hawaiian Islands, using blue-water diving and trawls. In 2017, we were aboard the
Research Vessel Ka‘imikai-O-Kanaloa, and in 2018, we used R/V Kilo Moana. On the 2018 cruise
we also used MBARI’s miniROV submersible to collect ctenophores down to 2000 m.

These cruises provided opportunities for 55 students, scientists, and communicators to go to

sea and experience deep-sea biological operations. In most cases they were able to conduct
their own research projects on rare deep-living specimens.
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Left to Right. Darrin Schultz, Erik Thuesen®, Lynne Christianson, Sappithah Ahmath, Susan von Thun, Leann
Biancani, Jacob Winnikoff, Séverine Martini, Joseph Ryan*, Maile Prickett, Steven Haddock*, Melissa DeBiasse.
Co-PIs indicated by *

Student training

At Evergreen State College, this project provided research training for 2 graduate students,
who completed their master’s degrees, 10 undergraduate students, 1 high school teacher and 1
high school student.

At MBARI, two graduate students completed or progressed toward their PhDs, one postdoc
participated in related research, and 9 undergraduate students carried out summer
internships.

At the Whitney Lab, 1 student completed a Ph.D. degree, 1 postdoc received extensive training
and mentoring, and 4 undergraduates conducted research on the grant.

Scientific Meetings

We let other scientists know about our cutting edge results at many scientific meetings and
through invited lectures. These included meetings of the Society for Integrative and
Comparative Biology; Deep-Sea Biology Society; Smithsonian Biogenomics Conference.
Association for the Sciences of Limnology and Oceanography; Western Society of Naturalists;
Evolution Annual Meeting. Northern California Computational Biologists; Ocean Sciences
Meeting; Extreme Biophysics Research Coordination Network Symposium; Society of
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Systematic Biologists; Society for Advancement of Chicanos/Hispanics and Native Americans
in Science; Smithsonian National Museum of Natural History; International Society for
Bioluminescence and Chemiluminescence. PI Haddock hosted the Deep-Sea Biology
Symposium and the virtual eDSBS symposium, and PI Ryan hosted the Ctenopalooza
conference.

Data and Software deposition

We have posted oceanographic and biological data on the BCO-DMO site [https:/ / www.bco-
dmo.org/ project/654411], and published tools and analytical pipelines as supplementary
methods for manuscripts, as well as in dedicated software repositories, including https:/ /
github.com/octopode/tidychrom and https:/ / github.com/conchoecia/pauvre

Public Outreach

Our exciting project has captured the interests of many different kinds of people. Below are
some of the ways we taught about ctenophores and the deep sea beyond mainstream science.

Expanding Your Horizons is a nationwide STEM conference for
middle school girls. In March 2018, Telissa Wilson gave a SCIENCE, TECHNOLOGY,
ENGINEERING & MATH

workshop on molecular biology at the Expanding Your CONEERENCEEGRICIRIS

Horizons conference in Olympia. In March 2019, Telissa IN 6™, 7™ & 8™ GRADE
Wilson and Tiffany Bachtel jointly gave the keynote address o
on exploring the deep sea for Expanding Your Horizons and PRy * expanding

followed up with an interactive workshop on deep-sea

CONFERENCE KEYNOTE:

ctenophores.

Partners in Science. Funded by the Murdock Charitable Trust,
the Partners in Science program allowed Josiah Price, a

teacher at Tumwater High School, to spend two summers Sout Pagaround s 9% e

working on the DEEPC project in the Thuesen Lab. Josiah
collected ctenophores in the field, carried out high pressure spectrophotometry and joined one

of the research expeditions in Hawai'i. Josiah’s students followed his work through a Ctenes for
Teens Instagram site, and DEEPC graduate students collaborated with Josiah in his classroom.

Josiah presented his work to High School teachers from all over the country at two annual
Partners in Science meetings.
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Public exhibits. We contributed a significant amount of content to the One Cubic Foot exhibit at
the Smithsonian National Museum of Natural History [http:/ /newsdesk.si.edu/photos/life-
one-cubic-foot-3]. We made contributions to the jellies exhibit at the Monterey Bay Aquarium,
as well as to their upcoming deep-sea exhibit.

DEEPC in the News

Our research has been shown in the pages of
Nature, the Economist, Wired, the Atlantic, the New

Yorker, National Geographic, and many news outlets. Taking the Pulse o

Oceans Comb Jel

Our work on ctenophore genetics was featured in a
New York Times article over a dramatic two-page
spread. Footage has appeared in television
productions by BBC, National Geographic, and
Discovery Channel.

Theses/Dissertations

Wilson, Telissa M., 2018. Characterizing functional biodiversity across the phylum Ctenophora
using physiological measurements (Master’s Thesis), The Evergreen State College,
Olympia, Washington.

Bachtel, Tiffany S., 2020. Assessing functional diversity down the water column: the effect of
hydrostatic pressure on the metabolic enzymes of ctenophores from different habitat
depths (Master’s Thesis), The Evergreen State College, Olympia, Washington.

Schultz, Darrin T., 2021.Chromosome-Scale Genomes, Resolving the Sister Phylum to Other
Animals, and Novel Bioluminescent Systems (Ph.D. Dissertation), University of

California, Santa Cruz, California.

Hernandez, Alexandra. 2021. Unraveling Ctenophorology and its Implications on Early
Animal Evolution (Ph.D. Dissertation). Whitney laboratory. University of Florida.

Winnikoff, Jacob. (2022). University of California, Santa Cruz, California.
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Publications related to this project

Babonis, L., M.B. Debiasse, W.R. Francis, L.M. Christianson, S.H.D. Haddock, M.Q. Martindale, J.F. Ryan. (2018)
Integrating embryonic development and evolutionary history to characterize tentacle-specific cell types in a
ctenophore. Molecular Biol. Evol. 35:2940-2956 doi.org/10.1093 /molbev/msy171

Bessho-Uehara, M., W. Huang, W.L. Patry, W.E. Browne, J.-K. Weng, S.H.D. Haddock (2020) Evidence for de novo
biosynthesis of the luminous substrate coelenterazine in ctenophores. iScience. 23, 101859
Laboratory experiments on two cultured ctenophore populations demonstrate that they are capable of
synthesizing their own substrate for bioluminescence: coelenterazine

Christianson, L.M., S.B. Johnson, D.T. Schultz, S.H.D. Haddock (2021) Hidden diversity of Ctenophora revealed
by new mitochondrial COI primers and sequences. Molec. Ecol. Resources. https://doi.org/
10.1111/1755-0998.13459 Newly developed COI primers allowed population-level discrimination of species,
while increasing the representation of ctenophores in GenBank five-fold.

Gibbons, M.J., S.H.D. Haddock, G.I. Matsumoto, C. Foster. (2021) Records of ctenophores from South Africa. Peer].
9:e10697 doi.org/10.7717 / peerj.10697

Haddock, SHD, LM Christianson, WR Francis [,...] JF Rvan, EV Thuesen (2017). Insights into the biodiversity,
behavior, and bioluminescence of deep-sea organisms using molecular and maritime technology.
Oceanography. 30(4):38-47, https:/ / doi.org/10.5670/ oceanog.2017.422
Owerview of 25+ years of deep-sea research, including quantification of the deep-sea water-column habitat
relative to the volume of living space on earth.

Hetherington, E.D., C.A. Choy, E.V. Thuesen, S.H.D. Haddock (2022) Three distinct views of deep pelagic
community composition based on complementary sampling approaches. Front. Mar. Sci. 9: 864004
54Three different sampling methods give three totally different views of deep-sea diversity and biomass.

Johnson, S.B., J.R. Winnikoff, D.T. Schultz, L.M. Christianson, W.L. Patry, C.E. Mills and S.H.D. Haddock (2022)
Speciation of pelagic zooplankton: Invisible boundaries can drive isolation of oceanic ctenophores. Frontiers in
Genetics. 13:970314. doi.org/10.3389/fgene.2022.97

Leonardi, N.D., E.V. Thuesen, S.H.D. Haddock (2020). A sticky thicket of glue cells: A comparative morphometric
analysis of colloblasts in 20 species of comb jelly (phylum Ctenophora). Ciencias Marinas. 6:211-225 doi.org/
10.7773 / cm.v46i4.3118
A comparative study offers new insights on the diverse morphology of ctenophore sticky cells — structures
distinct to the phylum.

Martini, S.M., D.T. Schultz, L. Lundsten, S.H.D. Haddock (2020) Bioluminescence in an undescribed species of
carnivorous sponge (Cladorhizidae) from the deep sea. Frontiers in Marine Science. 7:576476

Matsumoto, G.I., L.M. Christianson, B.H. Robison, S.H.D. Haddock (2022) Atolla reynoldsi (Cnidaria, Scyphozoa,
Coronatae, Atollidae): A new species of coronate scyphozoan found in the Eastern North Pacific Ocean.
MDPI Animals. 12: 742; doi.org/10.3390 / ani12060742

Puente-Tapia, F. A., R. Gasca, A. Schiariti, S.H.D. Haddock (2021) An updated checklist of ctenophores
(Ctenophora: Nuda and Tentaculata) of Mexican seas. Regional Studies in Marine Science. 41:101555

Schultz, D.T., S.H.D. Haddock, J.V. Bredeson, R.E. Green, O. Simakov, D.S. Rokhsar. (2023) Ancient gene linkages
support ctenophores as the sister to other animals. Nature. 618: 110-117
Using the structure of newly assembled chromosome-scale genomes, we found that ctenophores, and not
sponges, must have diverged first during the origin of animals.

Schultz, D.T., A.A. Kotlobay, R. Ziganshin, A. Bannikov, N.M. Markina, T.V. Chepurnyh, E.S. Shakhova, K.
Palkina, S.H.D. Haddock, I.V. Yampolsky, Y. Oba (2018). Luciferase of the Japanese syllid polychaete
Odontosyllis undecimdonta. Biochem. Biophys. Res. Comm. 502: 318-23.
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Schultz, D.T., ].M Eizenga, R.B. Corbett-Detig, W.R. Francis, L.M. Christianson, S.H.D. Haddock. (2020).
Conserved novel ORFs in the mitochondrial genome of the ctenophore Beroe forskalii. Peer]. 8:e8356

Schultz, D.T., W.R. Francis, ]. McBroome, L.C. Christianson, S.H.D. Haddock, R.E. Green (2021) A chromosome-
scale genome assembly and karyotype of the ctenophore Hormiphora californensis. G3 Genes,Genomes,Genetics.
jkab302. doi.org/10.1093/ g3journal /jkab302
The first chromosome-scale genome from a comb jelly, and one of the few of any non-bilaterian, allows us to
infer patterns in the early evolution of the structure of chromosomes

Winnikoff, J.R., S.H.D. Haddock, I. Budin (2021) Depth- and temperature-specific fatty acid adaptations in
ctenophores from extreme habitats. J. Exp. Biol. 224: jeb242800 doi.org/10.1242 /jeb.242800
Characterization of the lipid constructs of ctenophore membranes reveals the mechanisms for adapting to
function at high pressure or low temperatures

Winnikoff, J.R., W.R. Francis, E.V. Thuesen, and S.H.D. Haddock. (2019) Combing transcriptomes for secrets of
deep-sea survival: Environmental diversity drives patterns of protein evolution. Integr. Compar. Biol.. 63:1-13
Computational approach for screening transcriptomes for traits adapted to a particular habitat (high pressure,
low temperature). https://github.com/octopode/continuous-converge

Winnikoff, J.R., T.M, Wilson, E.V. Thuesen, S.H.D. Haddock (2019) Enzymes feel the squeeze: biochemical
adaptation to pressure in the deep sea. The Biochemist 39: 26-29

Ryan lab publications

Babonis LS, Ryan JF, Enjolras C, Martindale MQ "Genomic analysis of the tryptome reveals molecular
mechanisms of gland cell evolution" EvoDevo , 2019

Colgan W, Leanza A, Hwang A, DeBiasse MB, Llosa I, Rodrigues D, Adhikari H, Corona GB, Bock S, Carillo-Perez
A, Currie M, Darkoa-Larbi S, Dellal D, Gutow H, Hokama P, Kibby E, Linhart N, Moody S, Naganuma A,
Nguyen D, Stanton R, Stark S, Tumey C, Velleca "Variable levels of drift in tunicate cardiopharyngeal gene
regulatory elements" EvoDevo , 2019

Dardaillon J, Dauga D, Simion P, Faure E, Onuma T, DeBiasse M, Louis A, Naville M, Besnardeau L, Reeves W,
Wang K, Fagotto M, Guéroult-Bellone M, Fujiwara S, Dumollard R, Veeman M, Volff JN, Roest Crollius H,
Douzery E, Ryan JF, Davidson B, Nishida H, Dant "ANISEED 2019: 4D exploration of genetic data for an
extended range of tunicates" Nucleic Acids Research , 2019

DeBiasse MB, Colgan WN, Harris Lu, Davidson B, Ryan JF. "Inferring tunicate relationships and the evolution of
the tunicate Hox cluster with the genome of Corella inflata" Genome Biology and Evolution , 2020 10.1093

DeBiasse MB, Ryan JF. Phylotocol: Promoting transparency and overcoming bias in phylogenetics. Sys. Biol. , 2018

Hernandez A.M., and J.E. Ryan. (2018) Horizontally transferred genes in the ctenophore Mnemiopsis leidyi. Peer].
2018 Jun 15;6:e5067. doi.org/10.7717 / peerj.5067

Kenny NJ, Francis WR, Rivera-Vicéns RE, Juravel K, de Mendoza A, Diez-Vives C, Lister R, Bezares-Calderon L,
Grombacher L, Roller M, Barlow LD, Camilli S, Ryan JE, Worheide G, Hill AL, Riesgo A, Leys S. "Tracing
animal genomic evolution with the chromosomal-level assembly of the freshwater sponge Ephydatia muelleri."
Nature Communications , 2020 10.1038 /s41467-020-17397-w

Ketchum RN, Smith EG, DeBiasse MB, Vaughan GO, McParland D, Leach WB, Al-Mansoori N, Ryan JF, Burt JA,
Reitzel AM. "Population genomic analysis of a sea urchin across an extreme environmental gradient" Genome
Biology and Evolution , 2020 10.1093/ gbe / evaal50

Moreland MT, Nguyen AD, Ryan JE, Baxevanis AD. "The Mnemiopsis Genome Project Portal: integrating new gene
expression resources and improving data visualization." Database , v.2020 , 2020 10.1093 / database / baaa029

Sasson DA, Jacquez AA, Ryan JF. "The ctenophore Mnemiopsis leidyi regulates egg production via conspecific
communication." BMC ecology , 2018 v18:12 dx.doi.org/10.1186/s12898-018-0169-9

Sasson DA, Ryan JF. "A reconstruction of sexual modes throughout animal evolution." BMC Evol. Biol., 2017

Sasson, D.A. and Ryan, J.F. "The sex lives of ctenophores: the influence of light, body size, and self-fertilization on
the reproductive output of the sea walnut, Mnemiopsis leidyi" Peer] , v.4 , 2016 /1846

10 of 11



PROJECT PARTICIPANTS

PRINCIPAL INVESTIGATORS ¥ Indicates cruise participant
—%— Steven Haddock
Jif Erik Thuesen

% Joseph Ryan

MBARI
The Evergreen State College
Whitney Lab, Univ. of Florida

UNDERGRADUATE STUDENTS (21)
—ﬁ- Samantha Rodriguez Belmont Univ.

HIGH-SCHOOL (2)

-ﬁ- Josiah Price Teacher, Tumwater HS

-ﬁ- Katie Beittenmiller Carnegie Mellon —ﬁ- Rebecca Hsieh Student, Olympia HS
-ﬁ— Marisol Figueroa CSU Monterey Bay RESEARCH COLLABORATORS (19)
—%— Maggie Cooper Eckerd College -ﬁ- Esteban Paolucci Univ. Buenos Aires
ﬁ- Sapphitah Ahmath Evergreen -ﬁ- Daniel Fisher Univ. of Michigan
% Jack Dubinsky Evergreen -ﬁ» Brad Seibel Univ. of S. Florida
ﬁ— Joanna Froehlich Evergreen ﬁ» Ashley Spicer Cal. DFW
%— Nicholas Leonardi Evergreen %— Wyatt Patry M.B. Aquarium
ﬁ— Cheyenne Payne UC San Diego % Matt Wandell M.B. Aquarium
%— Chloe Weinstock Whitman College -ﬁ Tommy Knowles M.B. Aquarium
Daniel Groso Univ. of Florida -ﬁ» MacKenzie Bubel M.B. Aquarium
Arthur Drum Evergreen -ﬁ» Lynne Christianson  MBARI
Stacia Krause-Ledbetter Evergreen -ﬁ» Shannon Johnson MBARI
Maya Nabipoor Evergreen -ﬁ» George Matsumoto  MBARI
Chelsea Rabourn Evergreen -ﬁ» Yuichi Oba Nagoya Univ.
Rietta Rain Evergreen -% Bill Browne RSMAS, U Miami
Jennifer Ortiz lowa State Univ. -% Anela Choy Scripps Inst.
Anya Jacquez Lewis & Clark —% Gustav Paulay Univ. of Florida
Tina Nguyen UC Davis —% Paul Yancey Whitman College
Ethan Ramsey Univ. of Nebraska —ﬁ- Casey Dunn Yale Univ.
Claudia Cabrera Pastrana Univ. of Miami Yuriy Bobkov Whitney Lab
GRADUATE STUDENTS (16) Danielle Hayes Whitney Lab

B

Leann Biancani

Univ. of Maryland
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POSTDOCTORAL RESEARCHERS (5)

%— Katie Thomas Duke Univ. -ﬁ— Séverine Martini CNRS France
-ﬁ— Tiffany Bachtel Evergreen -ﬁ— Liz Hetherington Scripps Inst.
-ﬁ- Telissa Wilson Evergreen -ﬁ— Katie Louise Moon  UC Santa Cruz
-ﬁ- Alexandra Lapides MLML / MBARI -ﬁ— Melissa Debiasse Whitney Lab
-ﬁ— Manabu Bessho Nagoya / MBARI Daniel Sasson Whitney Lab
-ﬁ- Julia Chavarry Scripps Inst. MEDIA (5)

-ﬁ- Elan Portner Stanford Univ. —% Martin Dohrn Ammonite Prod.
Jif- Warren Francis UCSC/ MBARI ¥ Rod Clarke BBC

Jif Darrin Schultz UCSC / MBARI Jif- Jack Hynes BBC

Jit Jacob Winnikoff UCSC / MBARI $if Joe Treddenick BBC

‘ﬁ- Maciej Manko Univ. Gdansk -ﬁ- Annie Roth New York Times
-ﬁ- Alexandra Hernandez Whitney Lab

-ﬁ— Namrata Ahuja Yale Univ.

—ﬁ' Alex Damian-Serrano Yale Univ.

‘ﬁ' Lauren Mellenthin Yale Univ.



