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7/ Center for Microbial Oceanography:
Research and Education

7.1 Summary

The Center for Microbial Oceanography: Research and
Education (C-MORE) is one of only 17 National Science
Foundation (NSF)-sponsored Science and Technology
Centers (STC) nationwide. Each STC is organized
around a central theme that addresses an important and
relevant scientific challenge where progress can only be
made through meaningful partnerships and
collaborations. The explicit expectation is that the whole
of the project will exceed the sum of its component
parts. C-MORE'’s central theme is microbial
oceanography a new subdiscipline that seeks a
fundamental understanding of the role of
microorganisms in the structure and function of marine
ecosystems. This knowledge is critical for predicting
how the ocean and the services it provides might
respond to global climate variability and human-induced
change. Because there are numerous levels of
biological organization, from microbial genomes to entire
ocean biomes, a Center-level of scientific interaction and investigation is required in order to
achieve success. C-MORE was founded in August 2006 to serve as an international
clearinghouse for research and knowledge transfer in the field of microbial oceanography.

7.1.1 The Rationale for a Center

Over the past 3.5—4 billion years, microorganisms have shaped and defined Earth’s biosphere,
and created conditions that allowed the evolution of macroorganisms and complex biological
communities. Today microbes inhabit and sustain all of Earth’s biotopes, including those found
in marine environments; they are truly the “unseen majority.” They catalyze key biogeochemical
transformations of nutrients and trace elements that maintain the productivity of the oceans,
produce and consume greenhouse gases, and are a critical component of the food web, linking
dissolved organic matter to higher trophic levels. Recent advances in molecular ecology,
genomics, remote sensing, and ecological modeling provide opportunities to make great strides
in the understanding of the roles of the unseen majority in the world’s largest biome: the global
ocean. C-MORE supports a synergy between these traditionally separate disciplines, through
integrated studies of marine microbial ecology. The primary goal is to increase our
understanding of how biological diversity at the genomic level expresses itself at the ecosystem
functional level — i.e. in the biogeochemistry of the oceans — and to transfer this knowledge to
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policymakers and to the public at large. C-MORE facilitates broad based research on marine
microorganisms across geographical, disciplinary, and cultural boundaries. The Center initiates,
monitors and manages research; develops partnerships;
increases diversity of human resources; implements
novel education and outreach programs; and obtains
and utilizes comprehensive information about microbial
life in the sea. The Center brings together teams of
scientists, educators and community members who
otherwise do not have the opportunity to communicate,
collaborate, and design creative solutions to long-term
ecosystem scale problems, and whose collective
expertise will advance microbial oceanography in new
and exciting ways. The Center conducts a range of
activities, from genomic surveys, to instrument/sensor
development for remote sensing, to mesocosm
experimentation, to ecosystem modeling and, most importantly, integration of results from these
diverse approaches using a single marine ecosystem — The Hawaii Ocean Time-series (HOT)
station ALOHA — as a focal point.

7.1.2 Administrative Structure of the Center

The University of Hawaii is the lead institution and administrative locus for C-MORE, which is
officially recognized by the Board of Regents as a formal UH Center. C-MORE has six
academic partners who participate in the Center’s mission: Massachusetts Institute of
Technology, Oregon State University, University of California at Santa Cruz, Woods Hole
Oceanographic Institution, Monterey Bay Aquarium Research Institute, and Columbia
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permanent faculty and is not a locus for academic tenure. Instead, C-MORE hosts faculty
associates with formal academic affiliations with one or more SOEST Departments or ORUs.
UH-based C-MORE faculty associates include David Karl (Professor of Oceanography),
Matthew Church (Associate Professor of Oceanography), Grieg Steward (Associate Professor
of Oceanography), Michael Rappé (Associate Researcher, Hawaii Institute of Marine Biology),
Robert Bidigare (Researcher, Hawaii Institute of Marine Biology), Paul Kemp (Specialist in
Oceanography), and Barbara Bruno (Specialist in Oceanography). In August 2013, Rosie
Alegado and Craig Nelson (both Assistant Researchers in Oceanography) will join the UH-
based C-MORE team, and in August 2014, Edward DelLong will begin his new career as UH
Professor of Oceanography. All of these C-MORE associated faculty members, except for
Kemp and Bruno, are in tenured or tenure-track positions that are funded by the State of Hawaii.
The remainder of the C-MORE staff includes graduate students, post-docs, administrators, and
technicians (currently a total of 50 individuals) who are all supported by contracts and grants.
C-MORE is currently in year 7 of the initial 10-year NSF grant period ($4M per annum), with
project- and P.l.-specific grants equivalent to an additional $5M per annum. These project-
specific research grants have already been accounted for in other sections of the SOEST self-
study by the respective Department or ORU and will not be duplicated here.

7.1.3 The Center’s Research Mission
Theme IV

Microorganisms shape the physical, chemical, and biological Ecosystom Theme |
state of planet Earth. In open ocean ecosystems, planktonic Mode“f@a R
microbes dominate the living biomass, harvest light energy,
produce organic matter and the oxygen we breathe, and ;::g;eal]'; i
facilitate the storage, transport, and turnover of key bio- Continuous

. o o Sensing of Themelll
elements. While these activities are key to Earth’s habitability MicrobesN Microbial
and sustainability, available observations, theory and models C'V‘hftgké‘r’":rg‘y
that integrate microbial influence on biogeochemical, ecosystem Flow

and climatic processes do not exist. The complexity of these

microbial-ecosystem interactions, and challenges associated

with measurement, manipulation, and modeling of the microbial processes defy the use of any
single, traditional, disciplinary approach. There is an urgent need for solutions to the global
scale challenges associated with the burgeoning human population. This requires
comprehensive understanding of ocean habitat variability and biodynamics, including prognostic
modeling of future ecosystem states. Without this information, we increase the risk of making
grievous errors in management and policy decisions that may impact the current and future
health of our ecosystems and all that they support. Furthermore, we need to communicate this
information broadly to society and include it in contemporary academic and community informal
educational programs to increase public awareness about the importance of the research and to
contribute to personal career choices, accountability, and policymaking.
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C-MORE is currently addressing the major challenge that faces 21 century microbial

oceanography: to provide a comprehensive and predictive understanding of contemporary and
probable future states of marine ecosystems. This can be achieved by integrating a more
detailed understanding of the genetic, physiological, and ecological properties of indigenous
marine microbiota into existing physical, geochemical, and atmospheric models. To reach this
goal, a transdisciplinary portfolio that integrates a broad based, microbial-focused research
program is being aggressively pursued. One component of C-MORE’S multi-pronged research
agenda applies new genome-based technologies to the study of marine microbial ecosystems.
Another avenue leverages the recent availability of predominant and ecologically relevant
microbial isolates that enable highly detailed physiological, molecular, and biochemical
characterization of these important model systems. A third element develops and deploys new
in situ instrumentation to observe the activities and variability of marine microbiota continuously
over appropriate scales in space and time. Finally, integration of our observational and
experimental efforts with the development of ecosystem models incorporating microbial diversity
and dynamics provides a more predictive understanding of marine ecosystems and their future
trajectories. Since its inception C-MORE has dramatically advanced the broad based research
program to meet the major challenge facing humanity — understanding and maintaining our
planet’s habitability and sustainability.

The Center’s activities to date already have catalyzed and transformed a new, broad based
research agenda. The Center will continue to manage research, broker partnerships, conduct a
comprehensive education and outreach program, and facilitate the critical evaluations
necessary to apply our new, comprehensive understanding of microbial life in the sea. The
Center will focus its collective expertise and resources on cohesive transdisciplinary efforts in a
large-scale, multi-year research program. These coordinated efforts will weave together studies
of shared laboratory model organisms, time-series measurements and multi-investigator
mesocosm-scale in situ experimentation, and their integration with ecosystem modeling. Our
collective effort will facilitate, largely for the first time, comprehensive gene-to-cell-to-ecosystem-
to-biome level analyses of open ocean habitats, and the populations that reside within them.
Ultimately, the unique opportunities and training offered by C-MORE are required to lead the
next generation of scientists, educators and policy makers.

7.1.4 The Center’s Education and
Human Resources
Development Missions

C-MORE has three education goals: (1)
produce leaders for the next generation
(undergraduates through post-doctoral
scholars) of microbial oceanographers by
providing state-of-the-art training, (2)
increase scientific literacy in microbial
oceanography among students, teachers,
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and the general public, and (3) increase the number of underrepresented students, including
Native Hawaiians and Pacific Islanders (NHPI), pursuing careers in the ocean and earth
sciences, and related disciplines. These goals are rooted both in the critical importance of the
field of microbial oceanography and the urgency to broaden participation among future
scientists. As our Key Concepts in Microbial Oceanography brochure articulates, life on Earth
could not exist without microbes — they form the base of the marine food web, produce much of
the oxygen in the atmosphere, break down organic matter, and convert atmospheric nitrogen
into a form that is useful to all living organisms. Microbial oceanography is an emergent field,
and we are just beginning to understand how microbial diversity at the genomic level influences
the structure and function of the world’s largest biome, the global ocean.

The bright future of microbial oceanography and other geoscience fields critically depends upon
a continued influx of highly motivated young scientists, yet at this time the potential pool of
students in the sciences is declining. This situation is projected to worsen in upcoming years,
as white males, who constituted 70% of the 1997 Science, Technology, Engineering, and
Mathematics (STEM) workforce, will only represent 26% of the overall workforce by 2050.
Ensuring that there are enough STEM graduates requires that we broaden participation among
underrepresented groups. This is particularly essential in the geosciences, which have the
lowest rates of minority participation among all physical sciences. Of the 601 U.S. doctoral
degrees awarded in the ocean and earth sciences in 2006, only a small fraction were earned by
minority U.S. citizens or permanent residents: 23 Asian/Pacific Islander, 3 African-American, 12
Hispanic, 0 American Indian/Alaska Native, and 23 other/unknown.

Nowhere is broadening participation more critical than in Hawaii, the most ethnically diverse
state in the nation: Caucasian (24%), Japanese (20%), Native Hawaiian (19%), Filipino (11%),
Chinese (5%), and others (21%). Not surprisingly, virtually all institutions in the University of
Hawaii (UH) system are minority-serving institutions, partly due to the high enrollment of NHPI.
However, minority students are not studying earth and ocean science. Of the 357
undergraduate and graduate majors in the UH-Manoa School of Ocean and Earth Science and
Technology (SOEST) during the 2007—-2008 academic year, only 13 are NHPI and only one is a
graduate student. Therefore NHPI are central to C-MORE’s plan for broadening participation.

At the post-secondary level, we will place increased emphasis on training the next generation of
microbial oceanographers by providing state-of-the-art education to undergraduates, graduate
students, and post-doctoral scholars. For graduate students and post-doctoral scholars, we will
continue to provide core research training in world-class laboratories and aboard research
cruises. We will also continue to invest in a six-week, team-taught international summer course
for graduate students and post-doctoral scholars, in partnership with the Agouron Institute and
the Gordon and Betty Moore Foundation. The summer course has become one of the most
successful education legacy programs within C-MORE and has gained international prominence
within the microbial oceanography community.

In addition, we have recently initiated a Professional Development Certificate which was
developed in close consultation with graduate student and post-doctoral representatives.
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Currently, graduate students and post-doctoral scholars are encouraged to pursue professional
development opportunities (e.g., leadership training, research exchanges to partner institutions,
participation in education and outreach, and grant-writing) through an internal, competitive
funding mechanism called C-MORE EDventures. These training opportunities are neither
required nor formalized.

Finally, we have developed a Graduate Student and Post-doc Leadership Council, composed of
one graduate student or post-doctoral representative from each C-MORE partner institution.
This council, meets monthly via videoconference, and develops and implements various aspects
of the Professional Development Certificate, and maintains a web calendar to notify students of
upcoming events. This builds cohesion among the next generation of microbial
oceanographers, and provides an integrated research and education experience that is unique
to C-MORE.

7.1.5 The Center’s Knowledge Transfer Mission

An important mission for all STCs is to “transfer knowledge and educate a variable population of
undergraduate students, postdoctoral fellows, and visiting scientists and other professionals”.
C-MORE has four Knowledge Transfer objectives, roughly in order of the Center’s greatest
strengths and opportunities: (1) disseminate scientific and technical knowledge to peers via
publications and science presentations, (2) maintain publicly accessible systems for worldwide
access to C-MORE data, (3) enhance public awareness of marine microbial oceanography and
its importance including educating policymakers, and (4) promote economic development
through commercialization and entrepreneurial use of C-MORE products ranging from basic
knowledge and biotechnology, to remote sensing tools and their applications. Recognizing
these strengths and opportunities, we have constructed a comprehensive Knowledge Transfer
program focusing on the core activities given below. Examples of progress and future plans are
given for each topic.

Disseminate C-MORE Scientific Discoveries and Technical Advances: C-MORE
investigators have published nearly 400 peer-reviewed journal and book articles since 2006
(See Appendix 7.1). We have also made
numerous formal presentations of C-MORE
related scientific advances at universities and
at national and international science
meetings. Many of these scientific papers
describe novel genes, genomes, metabolic
pathways, and even new organisms. They
are contributing to our evolving
understanding and creating new paradigms
of microbial life in the sea. Most of the C- » i
MORE publications are partnerships and 3 N A E
collaborations between partner institutions, and many derive from our annual C-MORE field
research expeditions, which by design are interdisciplinary and collaborative in nature.
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Provide Broad Public Accessibility to C-MORE Data via Proactive Data Management:
Data management is among our highest priorities because it supports our research, education,
and knowledge transfer missions. Management of C-MORE data is challenging because it
involves diverse data types and sampling strategies including environmental, chemical and
physical data, genomics and metagenomics data, quantitative polymerase chain reaction (Q-
PCR) taxon and gene specific environmental survey data, satellite remote sensing images, in
situ data streams from autonomous platforms such as gliders and moorings, laboratory, field
and mesocosm experimental data, and modeling outputs. Because we bridge ecology,
molecular biology and oceanography, the Center must address the diverse data management
approaches, standards, and cultures of these communities. Substantial progress is being made
in these and related areas.

Enhance Public Awareness of Microbial Oceanography and its Importance, including
Educating Policymakers: A substantial component of C-MORE research addresses both
fundamental scientific questions and is relevant to real world applications. The Discovery
Channel featured C-MORE field experiment testing wind-driven pumps that inject cold, nutrient-
rich subsurface water into the euphotic zone is a good example. The basic and use-inspired
research within C-MORE generates essential new knowledge relevant to a wide range of
pressing social issues related to microbial oceanography, including: impacts of climate change
and ocean acidification on marine ecosystems; environmental effects of ocean carbon and
climate management strategies; algae farming for biofuels; harmful algal blooms and water
quality; and marine pollution due to trace metals, nutrient eutrophication and plastics. C-MORE
investigators are pursuing multiple pathways for transferring this knowledge to the general
public and policymakers via both orchestrated events and more opportunistic interactions. We
are organizing and participating in summits, symposia and workshops on science-policy
questions and involving direct interactions between scientists and stakeholders. A recent
example is the November 2011 C-MORE sponsored symposium on “Enhanced Ocean
Upwelling” which brought together a broad range of scientists, engineers, technologists, and
policy-workers.

Promote Commercialization and Entrepreneurial Use of C-MORE Products: A core
accomplishment of C-MORE is the development and testing of new technologies and methods,
and C-MORE investigators are routinely meeting with industry representatives to promote these
technologies and to entertain ideas they may have for commercialization. We also are working
with industry partners to test their equipment, refine marketing opportunities, and understand
customer needs. Sensors and autonomous instruments developed at MBARI such as the
Environmental Sample Processor (ESP) have widespread applications in ocean research,
monitoring and resource management. McLane Research Laboratories (MRL), Spyglass
Biosecurity and Saigene Biotech are involved in commercializing the ESP and related reagent
production methods. Another planned project involves the removal and recovery of phosphate
from deep seawater that will be used for commercial air conditioning. By removing phosphate
before the spent effluent is discharged into coastal waters, there is a reduced probability for
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unintended environmental perturbation (e.g., harmful algal bloom) and, if successfully
recovered, the phosphate can be processed and sold as fertilizer.

7.2 Research Facilities

In October 2010, C-MORE Hale was dedicated
as a new 28,000 sq. ft. research facility to
support our broad research and education
missions. C-MORE scientists were involved in
all aspects of the design and the result was
outstanding. C-MORE Hale has already
received several local and national awards for
its design, building materials, and outdoor
landscaping. In January 2012, C-MORE Hale
was awarded Leadership in Energy
Environmental Design (LEED) platinum status
by the Green Building Council of the U.S. for its
sustainable design. This makes C-MORE Hale

A 3 22 one of six LEED platinum buildings in the State
of Hawaii and the only laboratory to have achieved this benchmark. In addition to its
sustainable design, C-MORE Hale is a beautiful and functional laboratory that should be able to
support cutting-edge research in microbial oceanography for the next several decades.
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7.3 The Future

In July 2016, the base NSF-STC support for C-MORE will come to an end, but the Center and
its mission will continue to prosper. We are already initiating plans for new multi-investigator
projects that will build on the successes of the first decade. With excellent facilities and
outstanding human resources, attracting long-term funding should not be a major problem.

For more information, see http://cmore.soest.hawaii.edu/
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