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Mission Statement

The Marine Science Institute at the University of
California, Santa Barbara, is committed to fostering
innovative and significant research, to promoting
effective stewardship, and to sharing exciting
discoveries of the world’s oceans.




From the Director
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Overview

The Marine Science Institute (MSI) provides an intellectual and physical environment at UCSB that
fosters world-renowned marine research. The institute brings together marine researchers from across
campus and supports multi-investigator collaborative projects and individual research efforts. The
scientific membership at MSI consists of both ladder faculty and professional researchers. In 2017-
2018 MSI membership included 29 ladder faculty and 32 professional researchers with 292 additional
participants distributed across postdoctoral scholarss, graduate students and undergraduates.
Beyond research, MSI's Research Experience and Education Facility (REEF) educates UCSB students
and the general public about MSI science.

MSI is housed in the marine science research building (MSRB) on the UCSB campus. The MSRB
contains both MSI support services and research laboratories. Support services include the MSI
administrative staff that support pre- and post- award activities, the MSI analytical facility that
provides expertise in the chemical analysis of environmental samples from the marine environment,
and the MSI information technology group support scientific computing. Research space is allocated
to individual ladder faculty and professional researchers and to collaborative research groups. MSI
professional researchers are also housed within departmental spaces, at Devereux and off campus
lease space. MSI educational and outreach facilities are located at campus point.

The MSRB is also one of the few research buildings at UCSB plumbed into the campus seawater
system. Researchers have access to over 1,600 ft2 of seawater workroom space distributed across
six seawater laboratories. An additional three walk-in environmental chambers provide access to
temperature controlled conditions simulating environments from the tropics to the poles. Other
common spaces provide access to common use scientific equipment including autoclaves, freeze
dryers, centrifuges and refrigerator/ freezer space. These common-use facilities serve the needs of
individual research projects and collaborative efforts on an as needed basis.

MSI has a reputation of providing strong pre- and post- award administrative support to its
investigators. In 2017/2018 MSI submitted 171 proposals and managed 346 projects. Post award
activities include accounting, personnel management, procurement and travel. Beyond pre- and post-
award activities MSI staff are also responsible for MSRB management and maintenance, management
and maintenance of common use scientific equipment, laboratory safety compliance, seawater system
maintenance, room scheduling, and they serve as the interface between the Channel Island Marine
Sanctuary offices and campus facilities and management offices. The MSI administrative staff are
recognized as highly innovative with a history of bringing new systems to campus (GUS, Cayuse,
Coupa, IT works) that increase efficiencies quickly and at modest cost. MSI staff are often called upon
to serve on campus committees seeking to improve campus-wide management systems.

The MSI analytical laboratory provides investigators with analytical services for environmental
samples from the marine environment. The purpose of the facility is to provide investigators access
to instrumentation and analyses that would be too costly or too inefficient for individual PIs to
maintain. The laboratory also serves a strong educational function supporting research by graduate
students and postdoctoral scholars and laboratory staff assist undergraduates conducting honors
research and independent study projects. The laboratory routinely employs undergraduates to assist
in sample preparation and in routine analyses providing vital real-world work experience. Moreover,
laboratory personnel guide investigators in the development of new analytical methods to catalyze
new avenues of research and to support new extramural proposals. The laboratory supports many
large research programs including the SBC and MCR LTERs, the SONGS project, the CEIN program,
the MBON program and the NASA EXPORTS project. It has also been vital in providing analytical
support for high profile projects such as the Gulf Oil Spill.
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The MSI Information technology group maintains the computational and data storage infrastructure
supporting both individual and group science. The IT group also supports the computational needs
of the MSI administrative unit and supports the audio-visual equipment throughout the MSRB.
Currently about 50 servers (both virtual and physical) are running in support of the unit. They
provide file sharing, web and web application hosting, database hosting, network monitoring, and
compute nodes. Shared data are stored in a departmental SAN (Storage Area Network) system
hosting 60 TB of data along with another 30TB of backups. End user support covers over 350
individual clients.

MSI's Educational and outreach program brings our discoveries to K-12 students, the general public
and to UCSB students. A recent goal has been to engage more UCSB undergraduates. These efforts
have been wildly successful. The REEF now serves nearly 4,000 UCSB undergraduates in activities
ranging from laboratory classes to research training and other activities spanning six campus
administrative divisions. This newfound success at the campus level is complimented by a very
successful outreach program to the general public and K-12 schools. This past year the REEF served a
record high number of visitors reaching nearly 18,000 members of our community.

Like all organized research units MSI is led by the director who is advised by the business services
officer and a deputy director. The MSI Advisory Committee, consisting of faculty and researchers
from each of the participating campus departments and professional schools, serves an oversight
role and reports on MSI needs and activities to the vice chancellor for research. Local governance

is handled by the MSI resources committee that reviews requests for office and laboratory space
with the MSRB and makes recommendation to the director. The MSI computing committee assesses
the computer infrastructure necessary to support MSI research and makes policy and purchase
recommendations to the director.
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Executive Summary

Accomplishments:

MSI has had another highly successful year of scientific discovery. Summarizing MSI's research
accomplishments over an entire year is a daunting task given the scope and breadth of the research
conducted at the institute. This past year MSI investigators conducted nearly 350 research projects
ranging from efforts to develop new policies for ocean management to developing new isotopic
tools to understand ocean biogeochemistry. Some of these projects are large collaborative efforts
while others represent individual efforts. This year I take the approach of highlighting a selection of
collaborative efforts and then focus on individual efforts that highlight the success of some of our
newer members recognizing that this approach overlooks many other areas of excellence.

The BIO-SCOPE project is relatively new at MSI and is led by Professor Craig Carlson who is a
microbial oceanographer. This is a multimillion dollar effort funded by the Simons foundation that
has the goal of understanding the role of microbes in the movement and processing of carbon in the
sea utilizing a broad suite of genomic, ecological, oceanographic and biogeochemical approaches

to evaluate microbial process, structure and function on various scales. Carlson leads a cross-
disciplinary team including a chemist (Kujawinski- WHOI), microbiologist (Giovannoni- OSU),
zooplankton ecologists (Maas and Blanco-Bercial- BIOS) and a bioinformatician (Temperton- Exeter
University). Their work is based at one of the long-term ocean time series sites funded by the NSF off
the island nation of Bermuda.

Researcher Jennifer Dugan leads a team of three MSI Researchers linking nearshore kelp forest
dynamics to sandy beach ecosystems in the Santa Barbara Channel. Kelp forests are highly dynamic.
Both biological and physical processes displace kelp plants many of which end up on adjacent
beaches. This represents an enormous input of organic carbon to the beach ecosystem which is fed
upon by a host of organisms making giant kelp an important nutritional subsidy sustaining biological
diversity within the beach ecosystem. The study couples empirical work at local beaches to ocean
circulation models and larger-scale (100 km) beach surveys to evaluate the trophic connections
between kelp forests and beaches across southern California.

MSI investigators have long studied the roles of parasites in structuring nearshore marine ecosystems
with a focus on salt marshes, bays and coastal waters. The team of Professor Armand Kuris,
Professor Ryan Hechinger (UCSD formerly MSI) and Kevin Lafferty (USGS & MSI) continue their
long-standing collaboration to evaluate the level of complexity necessary to convert their empirical
understanding of infectious disease into predictive numerical models of disease dynamics.

Most people familiar with MSI know that the institute is the intellectual home of two of the nation’s
long-term ecological research programs: The Santa Barbara Coastal (SBC) LTER, led by Researcher
Dan Reed, that focuses on kelp forest dynamics and the Moorea Coral Reef (MCR) LTER, led by
Professor Russel Schmitt, that studies the coral ecosystems of French Polynesia. This past year

SBC was awarded its fourth increment of funding for a total of 24 years of continuous study. These
programs are designed to test ecological theory on timescales not approachable in short-term studies
and to evaluate how ecological communities respond to climate perturbations. These two studies
bring together over 100 investigators from UCSB and elsewhere in a highly interdisciplinary effort to
advance our understanding of these ecosystems.

The last group project that I will summarize is a NASA/NOAA /BOEM-sponsored marine
biodiversity observation network (MBON) effort to develop effective means of assessing marine
biodiversity at all levels within an ecosystem from the smallest viruses to large whales. The project is
led by Researcher Robert Miller and a team of ecologists, oceanographers, engineers and geneticists
who are developing the technology needed to survey and quantify marine biological diversity in
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an efficient cost-effective manner. The project involves developing new underwater robots, image
analysis systems and genetic tools to assess both abundant and cryptic species.

MSI continues to attract new young talent who are already making significant scientific impacts.
Professor Deron Burkepile received a CAREER award from the NSF to further his studies of the dual
role of marine consumers in coral reef ecosystems. Consumers serve a dual role first as consumers
whose predation impacts prey populations but these same consumers can also be a significant source
of nutrients for lower trophic levels via their excretion. Despite the important role of both consumers
and nutrients in influencing community dynamics on coral reefs, the role of bottom-up forcing by fish
excretion has generally been ignored as a mechanism for altering benthic community structure.

Another young investigator, Researcher Adam Lambert, has just received substantial funding from
Ventura County to investigate invasive species dynamics and restoration strategies in the Santa Clara
River ecosystem. This project will restore between 150 and 170 acres of riparian habitat by removing
invasive plant species and implementing native re-vegetation efforts. Removal of water-intensive
invasive species will conserve approximately 3,500 AFY of water, reduce flood and fire risk, and
improve riparian habitat for sensitive species. This is not only an example of solution science, but it
illustrates the broad range of science conducted at MSI that extends from the ocean into freshwater
ecosystems.

5-Year Plan
Looking to the future MSI has the following goals for the next 5 years.

Over the past few years MSI's has broadened its REEF programs to serve an increasing number

of UCSB undergraduates that participate in its programs. We have partnered with six campus
divisions ranging from Academic Affairs to Student Affairs and Administrative Services to engage
undergraduates at multiple levels. These efforts have been highly successful with nearly 4,000
undergraduates now benefitting from our programs each year beyond the record number, 18,000,
public visitors. This level of activity is coordinated by a single staff member with the assistance from
undergraduate student docents. The REEF used to have a full time coordinator that was let go for lack
of funding. With this new level of activity we will be seeking mechanisms to restore the coordinator
position.

MSI seeks to capitalize on the untapped research potential of its investigators by creating a fund to
catalyze new research endeavors that will provide seed money for turning new ideas into proposals.
The MSI Advisory committee favors the creation of a fund based on IDC income that would return
a fraction of IDC back to the investigator who generated it. The goal here is to create a mechanism
whereby successful researchers are rewarded with the ability to accumulate their own ‘research war
chest’ to self-seed new ideas and produce the data to support new innovative proposals. A system

is envisioned whereby continued IDC return is predicated on demonstrated expansion of research
activity making the system self-correcting and revenue neutral.

MSI is also focused on support for our professional researchers who rely on grants for 100% of their
salaries. Professional researchers account for over half of MSI’s grant and research activity. MSI
continues to work with OR on finding ways of support this group. Beyond support for all researcher
there is a subset of professional researchers that merit special attention. Professional researchers at
MSI lead the largest of our collaborative group projects including the SBC LTER, the MBON and the
SONGS project. These group projects are often leveraged by other investigators to bring in significant
research funding beyond the original project. Leading one of these project demands considerable
time and effort which is often not covered by the project budget. A system that rewards Researchers
for taking on these leadership roles will help ensure that MSI can continue to organize the teams
necessary to compete for, manage and renew these large programs.

Future continued growth in marine research at UCSB will require that MSI to seek additional research
space. MSI is fortunate to have access to research space in the MSRB which is strategically deployed
in support of collaborative projects and individual projects for both ladder faculty and professional
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researchers. Much of MSI's membership is from departments that are also experiencing space
limitations. MSI is now working with departments to explore creative solutions for new research
space. Our approach is to develop partnerships that will produce synergies to allow new space to
meet multiple needs across campus.

For the past few years MSI has had the goal of working with the Office of Research to reorganize
MSI's budget to simplify the Institute’s fragmented and confusing funding profile. The goal was

to eliminate funding sources gained through short-term deals to support the analytical facility, the
education and outreach program and the administrative unit and to incorporate those costs into
MSI’s base budget. This goal proved unrealistic and we have worked with OR to again find short-
term funding for the education and outreach program and the analytical laboratory staff. Funding for
these units is now on relatively firm round for the next 3 and 5 years for the analytical laboratory and
outreach programs, respectively. Additional efforts to stabilize funding for the MSI administrative
unit resulted in funds to retain one staff position in contract and grants and a new FTE now bolsters
MSI’s procurement group and aids in the management of the MSRB. These gains were offset by the
retirement of two senior managers who could not be replaced due to unanticipated budget cuts in
FY 2016/2017. MSI begins the 2018/2019 fiscal year with one less staff FTE than in FY 2017/2018
with two vacant positions in senior management. MSI will be working with the Office of Research to
address these challenges.
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Organizational Charts
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Other Projects
and Activities
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Coastal Research Center

The Coastal Research Center is an organizational unit within the Marine Science Institute at

UCSB. The central theme of the Center is to develop scientific knowledge to gain a more complete
understanding of coastal and island ecosystems, which is necessary for sound management of the
natural resources within coastal and island regions. The Center links academic scientists from a wide
variety of disciplines, enhancing the ability to address marine environmental issues.

While CRC scientists work in marine environments throughout the world, much effort is focused

on coastal reefs found in the Santa Barbara Channel region and the coral reefs surrounding the

island of Moorea, French Polynesia. These two locations provide excellent model systems for the
scientific exploration of a wide range of marine issues and scientists at UCSB have long valued these
environments as natural laboratories for scientific study. Both areas are enjoyed by those seeking
recreation, support important local fisheries and are faced with growing conflicts amongst different
user groups as human population pressures increase, a trend that is common for many marine
environments. The nearshore marine environments of California and the islands of French Polynesia
are used increasingly as a disposal site for waste products. Renewed exploitation of oil and natural
gas reserves has augmented the number of conflicting demands placed upon the Channel resources,
while issues related to global climate change have increased concerns about the sustainability of coral
reef ecosystems. Local issues related to the sustainability of commercial and sport fisheries in both
regions mirror global concerns regarding management of exploited stocks. The cumulative effects of
human activities on the natural resources of both of these regions are just beginning to be understood.
It is imperative that we learn how to balance the multiple uses of nearshore ocean waters in an
environmentally sound manner. Lessons learned by scientists in the Coastal Research Center have
wide implications for understanding and resolving present and future problems, and will help local,
regional and national regulators develop better management policies.

Development of sound management plans for areas such as the Santa Barbara Channel or the

islands of French Polynesia is hampered by scientific uncertainty about the consequences of human
activities. To understand and predict natural and anthropogenic disturbances, synthesis of new and
existing knowledge of many scientific aspects of coastal marine systems - including biology, ecology,
genetics, geology, chemistry and oceanography - will be necessary. Further, the development of new
approaches and the use of emerging technologies are needed to resolve fundamental questions, some
of which have remained unanswered for many years. Only with these advances will it be possible to
make reliable predictions about the consequences of various activities, to develop the ability to restore
degraded habitats and conserve valuable resources, and to foster development of environmentally
sound policies for use of coastal or island regions in general.

The Center has four major objectives:

e To act as a center for production and integration of basic scientific information to more fully
understand coastal and island ecosystems and their natural and exploited populations.

¢ To evaluate and predict effects of human activities on the marine environment, and to develop
measures to ameliorate lost or degraded natural resources.

¢ To train students in basic research on marine environmental issues that may be applicable to
decision-makers.

e To facilitate and promote interdisciplinary research initiatives.
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Faculty/Professional Research Participants:

Russell J. Schmitt, Director and Professor of
Biology

Alice Alldredge, Professor of Biological
Oceanography

Giacomo Bernardi, Professor of Molecular Ecology
(UCsQ)

Andrew Brooks, Associate Project Scientist

Mark Brzezinski, Professor of Biology

Alison Butler, Professor of Chemistry

Bradley Cardinale, Assistant Professor of Biology
Craig Carlson, Associate Professor of Biology

Robert C. Carpenter, Professor of Biology (CSU-
Northridge)

Joseph H. Connell, Research Professor of Zoology
Jenifer E. Dugan, Associate Research Biologist

Peter J. Edmunds, Professor of Biology (CSU-
Northridge)

John M. Engle, Associate Research Biologist

A. Russell Flegal, Professor of Environmental
Toxicology (UCSC)

Steven D. Gaines, Professor of Biology

Ruth D. Gates, Assistant Research Biologist
(University of Hawaii)

Scott Hodges, Professor of Biology

Gretchen Hofmann, Associate Professor of Biology
Sally J. Holbrook, Professor of Biology

Evelyn Hu, Professor of Electrical and Computer
Engineering

Ronald Iltis, Professor of Electrical and Computer
Engineering

Robert Jacobs, Professor of Biology

Ryan Kastner, Assistant Professor of Electrical and
Computer Engineering

Michael I. Latz, Research Biologist, (Scripps
-UCSD)

David Lea, Professor of Geology

Hua Lee, Professor of Electrical and Computer
Engineering

James J. Leichter, Associate Professor of
Oceanography, (Scripps -UCSD)

Hunter Lenihan, Associate Professor of
Environmental Science

Milton Love, Research Biologist

Sally Maclntyre, Professor of Limnology and
Oceanography

Stéphane Maritorena, Associate Researcher
John Melack, Professor of Biology

Daniel Morse, Professor of Biology

Erik Muller, Assistant Research Biologist
Roger M. Nisbet, Professor of Biology
Henry M. Page, Associate Research Biologist
Daniel C. Reed, Research Biologist

Stephen C. Schroeter, Research Biologist

Hannah Stewart, Postdoctoral Researcher (Un.
Washington)

Allan Stewart-Oaten, Professor of Biology

David Valentine, Assistant Professor of
Geological Sciences

Libe Washburn, Professor of Geography

Allison Whitmer, Assistant Dean (Georgetown
University)

Susan Williams, Professor of Environmental
Science and Policy (UCD)

Leslie Wilson, Professor of Biology
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Marine Biotechnology Center

UCSB is recognized internationally for its leadership in Marine Biotechnology. This exciting field uses
the latest breakthroughs in modern DNA and genetic technologies, bioengineering, molecular and cell
biology — all closely integrated with quantitative ecology and evolution; environmental physiology;
geochemistry; ocean, climate, and conservation science; and materials and energy engineering. The
aims of these highly collaborative, interdisciplinary investigations are to solve basic problems in
marine resource biology; to improve the production of medical, chemical, food, and energy resources
from the ocean; to develop new products and industries based on more efficient use and management
of the ocean’s resources, and to discover and develop new materials for future engineering needs,
while training students for future careers in each of these vital areas. The state-of-the-art Marine
Biotechnology Building is just one of the campus’s many facilities housing this diverse research

and teaching, led by faculty from numerous departments and the the state-supported California
NanoSystems Institute, the Materials Research Laboratory (an NSF-supported MRSEC), and the new
BioEngineering Program. A small sampling of the faculty leaders and research projects across the
spectrum of these areas includes the following:

Tony De Tomaso

Department of Molecular, Cellular and Developmental Biology
(anthony.detomaso@lifesci.ucsb.edu)

Discoveries in immunology, stem cell biology and regeneration in
Botryllus: Our lab works at the intersection of immunology, stem cell
biology and regeneration using the marine basal chordate, Botryllus
schlosseri as a model. Unique biological features of Botryllus, including
a natural transplantation reaction, parasitic stem cells, and a colonial
life history that includes regeneration of all somatic and germline
tissues on a weekly basis, allow novel approaches for studies in each
of these fields. In turn, results from those studies have allowed us to
explore new fields, including angiogenesis, mechanotransduction
and aging. Botryllus has a wealth of biology ripe for experimentation,
and our overall goal is to utilize these unique features and carry out
innovative, interdisciplinary research.
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Kathy Foltz

Department of Molecular, Cellular and Developmental Biology
(kathy.foltz@lifesci.ucsb.edu)

Decision networks controlling cell differentiation and
development:

In biology, some cells make a once-in-a-lifetime decision to
respond to a signal. A misfire results in cell death or disease.
One example is immune cell activation — inappropriate
activation leads to autoimmunity while failure to activate
results in infection. My lab is interested in the evolution of

these “decision networks” and also how they are tuned at a
molecular level. Another example of a one-time-only response
is the rapid activation of an egg to begin development at the
time of fertilization. We use multiple marine invertebrate deuterostomes (primarily echinoderms and
ascidians) as model systems to address this process, which is highly conserved across all multicellular
species, including mammals. Some of our projects focus on specific proteins and signaling pathways,
others are more discovery-based and address the question from a systems perspective. Recently,

using high throughput, quantitative proteomics platforms, we built an information-rich network of
thousands of proteins that undergo quantitative changes in phosphorylation state and exhibit dynamic
interaction complexing in the first few minutes post fertilization. Using the exquisitely synchronous
and biochemically tractable sea urchin fertilization system, this approach revealed excitable signaling
systems that had not previously been implicated in egg activation. Predicted high-value candidate
nodes are being investigated for novel roles in controlling the switch-like decision an egg makes at the
time of fertilization. One goal is to understand the design principles that enable cells to carry out finely
tuned, once-only responses.

(Left) Sea urchins induced to
spawn, shedding eggs (yellow)
or sperm (white). (Right) Sea
urchin fertilization, showing
sperm on the egg surface
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Mike Gordon

Department of Chemical Engineering
(mjgordon@engr.ucsb.edu)

Optical device engineering inspired by marine biophotonics:
My students and I are pursuing collaborative research aimed
at translating new discoveries from marine biophotonics into
useful optical device engineering. Our recent and ongoing
collaborations have been focused on the mechanism by which
squids dynamically and adaptively change their patterns

of skin color for camouflage and communication, and the
mechanism by which specialized cells in the giant clam direct
solar photons deeper into the clam tissue to boost the efficiency
of photosynthesis by the clam’s endosymbiotic microalgae.
We're collaborating with Dan Morse’s group, that recently
elucidated the molecular mechanism by which the reflectin proteins act as a molecular spring-loaded
Coulombic sensor, controlling an osmotic motor that changes the refractive index contrast and lattice
dimensions of a subcellular Bragg reflector to smartly tune the color and intensity of light reflected
from specialized cells in squid skin (cf. below). Our teams are now working together to translate that
discovery to make tunably reconfigurable new materials that can tune the color of light emitted from
lasers and light-emitting diodes (LEDs). We're aiming first to develop reflectin-inspired synthetic
block-copolymers capable of exhibiting the signal-dependent, cyclable reconfigurability discovered in
the natural reflectins, and then incorporating these to drive the tunability of light emitted from solid-
state devices.

Beyond these studies, my students and I are interested to collaborate with other teams pursuing any of
the myriad remarkable biophotonic systems in marine organisms. Our aim is to help translate exciting
new discoveries from the marine biological realm into practical optical engineering.

SRR ol M (Left) Giant clam, showing

2n W Vim brilliantly reflective cells in
the mantle tissue exposed to
sunlight.
(Right) Quantitative simulation
revealing that <10% of solar
Wt Wi d photons are reflected back to
the observer; the majority are
B mi scattered deep into the tissue.
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Dan Morse

Department of Molecular, Cellular and Developmental Biology
(d_morse@lifesci.ucsb.edu)

Molecular spring-loaded Coulombic sensor governs the squid’s
biophotonics:

Squids exhibit a remarkable ability to adaptively change skin color for
camouflage and communication. We recently discovered the mechanism
by which the unique “reflectin” proteins act as a molecular spring-
loaded Coulombic sensor, controlling an osmotic motor that changes the
refractive index, thickness and spacing of intracellular Bragg reflectors
to tune the color and intensity of light reflected from cells in the squid
skin: These reflectin proteins - major constituents of the membrane-
bound Bragg lamellae — are block copolymers with repeated canonical
domains interspersed with cationic linkers. Adaptive changes in
reflectance from the Bragg lamellae are initiated by a neurotransmitter-
activated signal transduction cascade that culminates in catalytic phosphorylation of the reflectins’
cationic linkers. The resulting charge-neutralization overcomes the linkers” Coulombic repulsion,
progressively triggering the spring-loaded condensation and secondary folding of the canonical
repeat segments to form amphiphilic, bifacially phase-segregated structures, with the emergence of
hydrophobic faces that mediate hierarchical molecular assembly. This phase-segregation provides

the potential entropic drive, stored in the protein like a stretched spring, while neutralization-

tuned Coulombic repulsion of the cationic linkers provides the “stretch.” Once released by charge-
neutralization, the resulting condensation, folding and hierarchical assembly trigger Gibbs-Donnan
dehydration, shrinking the thickness and spacing of the Bragg lamellae while increasing their
refractive index. This progressively changes the color of light reflected from the Bragg lamellae from
red to blue, while increasing its intensity. This process is reversible, cyclable and finely tunable,
precisely regulating color across the visible spectrum without chromophores. Employing this
tunability, the squid can produce any color in the individually innervated patches of reflective cells
in the skin to produce intricate patterns of color for both communication and camouflage. Translation
of the underlying mechanism of this biomolecular sensor to practical engineering is opening new
approaches to smart, dynamically reconfigurable, nanostructured materials and tunable systems.

Activation with a droplet of the neurotransmitter,
acetylcholine, induced a wave of color to ripple
through the cells in squid skin from top to bottom.
The individual cells sequentially reflected first

red, then orange, yellow, green, and finally, blue,

as proteins in the intracellular Bragg lamellae
condensed to progressively drive osmotic shrinking
of the thickness and spacing of the lamellae, thus
changing color of the reflected light. (Each object
shown is a single cell, ca. |0 micrometers long; the
dark spot in the center of each cell is the location
of the nucleus.)
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Todd Oakley

Department of Ecology, Evolution and Marine Biology
(oakley@lifesci.ucsb.edu)

Evolution of genes for sensing and producing light:

Evolution has produced amazingly diverse solutions for sensing
and producing light, especially in marine environments. How did
this diversity come about and can we harness and enhance these
solutions for practical gain? Light sensing and vision are well
understood in a few model systems like flies and humans, yet we
know far less about these processes in other organisms. Oakley’s lab
searches for light sensitivity by looking for the genes, especially in
marine organisms, often leading to surprises. For example, jellyfish
and comb jellies are very distant relatives of humans, yet they use
very similar genes to sense light, some using this sensitivity to help
decide when to fire their stinging cells. Additionally, Octopuses
sense light directly with their skin using similar genes, and one
squid senses light made by bacteria in its light-/ producing/ organ,
again using a similar gene. Oakley’s lab also studies light production, or bioluminescence, mainly in
a group of crustaceans called ‘sea fireflies’. The lab discovers a diversity of new sea firefly species,
each uses different patterns of light-pulses for courtship. The lab is working toward understanding
the genetic basis for the diversification of these light pulses. While aiming to understand fundamental
evolutionary questions, the answers to these questions could lead to better ways to engineer
genetically encoded light detectors and light-producing molecules, for use in a variety of tools from
biomarkers to reading or controlling neural circuits with light.

Marine copepod (ca.2 mm length) emitting its
species-specific nocturnal bioluminescence.
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Opportunistic wet adhesion:

Marine organisms and their extended structures are held together

by molecular glues whose adhesive and cohesive properties are

adapted to their function. Wet bioadhesion can be specific or
opportunistically nonspecific. Mussel adhesion is of the latter type

and depends on elaborately tuned redox chemistry. Mussel adhesive
proteins contain up to 30 mol% of the catecholic amino acid DOPA (3,
4-dihydroxyphenylalanine), an exquisitely redox sensitive functionality.
At or near the interface between the adhesive proteins and the
substratum, mussels impose a highly reducing local environment (low
pH and high thiol content) in order to exploit the superior chemisorption
of DOPA to a variety of surfaces. Farther from the interface, however,
mussel proteins are maintained in either Fe3+-rich or oxidizing local
environments (high pH and catecholoxidase). The first leads to protein gelation stabilized by
multifunctional DOPA- Fe3+-complexation, whereas the latter, to the covalent cross-links between
DOPAquinone and reactive amino acids. By adjusting the redox of the local environment, mussels
“tune” the optimal level of adhesion (DOPA) or cohesion (quinone and cross-linking) needed in each
part of the holdfast. A deeper understanding of mussel adhesive chemistry and its regulation is likely
to inspire improvements in adhesive technology especially in wet applications.

(Left) Mussel showing protein
attachment fibers and terminal
adhesive plaques; (Right)
Microscopic view of the wet-
adhesive plaque at the end of a
fiber, stained to reveal different
molecular components.
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Marine microbial ecology & biogeochemistry:

Research in the Wilbanks lab examines how the ecology of microorganisms
influences evolution and drives nutrient cycling in marine environments.
We work to discover and quantify microbial interactions in natural marine
ecosystems over scales bridging single cells to ecosystems. Understanding
ecosystems with this resolution will help us improve predictive models of
ecosystem function and discover fundamental principles governing the
dynamics of microbial communities.

Microbial metabolism has shaped our planet since early geological

time, and is the engine powering global nutrient cycling. Key ecosystem
processes are driven trophic exchanges between microbes, and often occur
extremely rapidly and over nanometers — a scale that often makes them
invisible to traditional approaches.

At present, we focus on the bacteria and archaea associated with marine particles, aggregates, and
biofilms. Our experiments range from the field to the lab and integrate a diverse toolset including
(meta)genomics, microscopy, microsensors, cultivation, and stable isotope geochemistry. Current study
systems include the giant kelp microbiome, marine snow, and photosynthetic bacterial aggregates (the
pink and green “berries”) from salt marshes.

Current research themes in the lab are inspired by several overarching questions:

® How does the microscale structure of microbial food webs determine macro-scale ecosystem properties? Can we
harness such information to improve predictive models?

® How do the spatial and temporal distributions of microorganisms alter their physiology, ecology, and evolution
over different scales? At what scale can we capture ecologically relevant bacterial populations?

e Are theory and observations from “macrobial” ecology and evolution concordant with data from microbes?
Within the same ecosystem? Across different systems?
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Ocean and Coastal Policy Center

Ocean and coastal policy issues are becoming increasingly important in California, nationally, and
internationally. The University of California, Santa Barbara is in a key position to make significant
contributions in research and policy analyses of local, state, national, and international ocean
management issues.

The need for programmatic attention on ocean and coastal policy in California has never been greater.
California has one of the longest and most valuable coastlines in the nation. Offshore California,
significant development of offshore resources takes place and the ocean and coastal zone are used,
with increasing frequency, by a wide range of users - including offshore oil and gas extraction,
recreation, marine transportation, fishing, and marine research. Offshore oil development and the
attendant multiple-use controversies, in particular, have dramatized the need for better methods of
ocean policy planning.

The 