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4. Context Statement

C-DEBI’s stated mission is to explore life beneath the seafloor and make transformative discoveries that advance science, benefit society, and inspire people of all ages and origins.  Specifically, we seek to better understand the microorganisms that inhabit the sediment, rock, and fluid in the marine subsurface.  Our scientific goals are organized into three broad research themes: (1) Fluxes, Connectivity, and Energy—centering on subseafloor environmental conditions; (2) Activities, Communities, and Ecosystems—emphasizing resident microbial communities; and (3) Metabolism, Survival, and Adaptation—concentrating on the actions and traits of individual microbial species.  These goals are pursued with a combination of approaches, including field investigations, laboratory experimentation, chemical analyses, nucleic acid sequencing, and modeling studies.  We note that C-DEBI continues to commit major resources to the scientific investigations at ‘major’ field sites, but we also financially support smaller or burgeoning field investigations. C-DEBI scientists participated in several field investigations in 2019, retrieving valuable samples and data for our investigations.  In addition to the research themes noted above, C-DEBI also facilitates and encourages the synthesis and broad understanding of submarine microbiological processes within geochemical, geophysical, and hydrogeologic contexts.  This is largely accomplished by funding scientific and technical activities, coordinating and hosting meetings and workshops, and supporting researchers and graduate students.  These research endeavors generate a vast array of diverse datasets that need to be managed and integrated, as well as a vast array of new knowledge that needs to be disseminated.  C-DEBI has established and now operates state-of-the-art programs in these arenas.  Furthermore, in our education, outreach, and diversity programs, we seek to entrain, educate, inspire, and mentor an interdisciplinary community.  Specifically, we create and operate activities aimed at three target groups: (1) undergraduate students, especially community college students; (2) graduate students and postdoctoral scholars; and (3) K-12 and the general public.  The aforementioned activities in research, data integration, knowledge transfer, education, outreach, and diversity are managed by a talented and skilled team in each of these disciplines, with critical indicators and a strategic implementation plan in place to quantitatively evaluate the Center’s performance.
In 2019, significant accomplishments were recorded in our three research themes; a few examples are highlighted here.  Within Theme 1, Fluxes, Connectivity, and Energy, a new study by Wheat et al. (2019) presented spatial and time series data from Dorado Outcrop, and McManus complemented this with an analysis of carbon chemistry in the cool fluids discharging there. At the Juan de Fuca system, Lin et al. (2019) reported on biounavailable carbon in ridge-flank fluids, and Hulme and Wheat (2019) added new inorganic geochemical results from circulating basement fluids. D’Hondt et al. (2019) synthesized the energetics of microbial metabolism across a range of subseafloor settings, and Lang et al. (2019) summarized dissolved organic carbon (DOC) data in several basement fluids. Lastly, LaRowe and Amend (2019) and Amend and LaRowe (2019) calculated Gibbs energies for chemolithotrophic catabolic reactions at the conditions that microbes are likely to encounter in a range of subseafloor sites. Within Theme 2, Activities, Communities, and Ecosystems, C-DEBI scientists authored a number of papers that focused on the interactions of microorganisms with other taxa and with their environment. For example, Carr and Orcutt (2019) discovered the genomic potential for CO oxidation with sulfate or nitrate by uncultured archaea. Ramirez et al. (2019) investigated biofilms grown for up to 6 years on various mineral surfaces suspended in subseafloor observatories. Lastly, several C-DEBI scientists contributed to the study by Vuillemin et al. (2019) that showed that archaea can dominate microbial communities in the oxic subseafloor over multimillion-year time scales. Investigations within Theme 3, Metabolism, Survival, and Adaptation, generated new knowledge pertaining to individual microbes. For example, the Spormann lab (unpublished) found that in the model methanogen Methanococcus maripaludis, growth yield correlated directly with growth rate due to a relative increase in maintenance energy at slow rates. Robador et al., (2019) studied model organisms with the growth advantage in stationary phase (GASP) phenotype to show that mutants can capitalize on the decrease of energy over prolonged periods of time. The Finkel and Huber labs characterized 46 Halomonas isolates from North Pond crustal fluids for their suitability as model organisms under extremely oligotrophic conditions, and the Spormann lab expanded their understanding of the phylogenetic distribution of the Chloroflexi phylum across sediment types and depths. 
During this reporting period, C-DEBI’s education, outreach, and diversity (EOD) programs again focused heavily on research opportunities for community college students, and training and mentoring of graduate and postdoctoral researchers.  It should be stated that C-DEBI’s approach to improving access and support for members of underrepresented and marginalized groups involves purposeful integration with the fundamental research and education missions.  Two of our EOD flagship programs are the Community College Research Internship for Scientific Engagement (CC-RISE) and the Community College Cultivation Cohort (C4).  CC-RISE is a non-residential REU-style program which, in 2019, was offered only at the Woods Hole Oceanographic Institution in Massachusetts.  Four students spent 8 weeks during the summer in Co-I Huber’s state-of-the-art research lab, carrying out experiments and analyses, and participating in professional development seminars.  Though our Community College Cultivation Cohort (C4) REU ended in 2018, we continued to work with the cohorts of students to finish research projects and submit the results. 2019 saw the publication of two papers led by a C4 student: Lopez et al. (2019) in Microbiology Resource Announcements and Neely et al. (2019) in bioRxiv. Graduate students and postdoctoral scholars continue to make up the majority of the researchers in the Co-I labs. In addition, a number of graduate students and postdocs in other labs were supported by 2-year fellowships. These early career researchers also made up the bulk of the invited speakers at the C-DEBI annual meeting, many attended an all-day C-DEBI professional development workshop, and 4 were selected to present their work through the Network Speaker Series. 
The main objective of C-DEBI’s data management and knowledge transfer programs is to disseminate freely and rapidly the most important scientific discoveries and technical advances to the scientific community and the broader population.  The data management and integration team seeks to ensure that the variety of data types and products are archived, shared, and accessible for the long term.  C-DEBI knowledge transfer occurs via numerous mechanisms, the most effective of which for transfer to the scientific community remains to be through peer-reviewed journal publications.  Additional avenues include worldwide access to data and new technologies, exchanges of personnel, lectures and presentations, professional development activities, conferences and workshops, and targeted courses for students and educators.  The dissemination of C-DEBI products relies on our ability to reach the target audiences.  In this regard, we note that C-DEBI’s mailing list counts nearly 1000 individuals in 40 countries.  Of these, over 150 are 'active' participants, defined as those who presented or participated at one of our workshops or conference sessions, submitted proposals to C-DEBI, served on one of our committees or panels, or otherwise engaged directly in C-DEBI science or education activities.  
	As we near the end of the STC, we continue to seek external funding to maintain the incredible community of deep biosphere scientists C-DEBI has developed, nurtured, and supported in the past 9 years to continue the multidisciplinary research in the subsurface biosphere only possible with center-based infrastructure.  We are moving towards an emphasis on synthesis in our remaining duration through research and publications, e.g., as we develop the next generation of coupled fluid-energy-biochemical-microbial subseafloor ecosystem models, and continue to write integrative review papers such as in the recent Deep Carbon Observatory decadal review “Deep Carbon: Past to Present” co-edited by Co-I Beth Orcutt with deep biosphere chapters contributed by C-DEBI scientists. 
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1. Overall Research Goals and Objectives

The Center’s overall research goals have not changed from the previous year. We seek to investigate the marine deep subsurface biosphere, including the physiology, phylogeny, distribution, limits, and activity in the sediments, rocks, and fluids that make up this very large biome. Our approaches combine field-based research with laboratory studies of microbial survival and propagation, and modeling studies of physico-chemical properties in the subsurface. Another way to describe our research framework is as a balance of discovery science, hypothesis testing, data integration, laboratory experimentation, and ecosystem modeling. C-DEBI continues to generate knowledge in these areas by addressing fundamental questions, which include: How metabolically active is the subseafloor biosphere? What are the physico-chemical limits of life in the subseafloor? What are the nature and extent of life in the subseafloor? What are dominant metabolic processes in the subseafloor? The central research objectives require multidisciplinary and interdisciplinary approaches, with the greatest emphasis on microbial ecology. To achieve these objectives, we directed a large portion of the research funds to the Co-Investigators (Jan Amend, USC; Julie Huber, WHOI; Steven D’Hondt, URI; Andrew Fisher, UCSC; Geoff Wheat, UAF) and Senior Scientists (Steven Finkel and John Heidelberg, USC; Beth Orcutt, Bigelow; Victoria Orphan, Caltech; Alfred Spormann, Stanford). Unlike previous years, we did not provide substantial resources to competitively awarded research grants, and graduate student and postdoctoral fellowships; this was a necessary response to the scaled-back budget as we approach the end of our funding period. In this report, the Principal Investigator, Co-Investigators, and Senior Scientists who have equal scientific standing in C-DEBI will all be referred to as “Co-I’s”.  The research themes are:

Theme 1: Fluxes, Connectivity, and Energy—centering on subseafloor environmental conditions.
(1.1) 	Constrain the extent, variability, and controls on fluxes and connectivity within subseafloor biomes and between the subseafloor and the overlying ocean.
(1.2) 	Map the geochemical energy sources in subseafloor ecosystems at a range of spatial scales.
(1.3) 	Develop and test the next generation of coupled geochemical-hydrological-microbial models for subseafloor ecosystems.
Theme 2: Activities, Communities, and Ecosystems—emphasizing resident microbial communities.
(2.1) 	Determine community composition, functional potential, and patterns of natural selection in subseafloor ecosystems.
(2.2) 	Determine metabolic activity of subseafloor microbial communities.
(2.3) 	Advance understanding of subseafloor microbe-virus interactions.
Theme 3: Metabolism, Survival, and Adaptation—concentrating on the actions and traits of individual
microbial species.
(3.1) 	Isolate and characterize novel bacteria and archaea from diverse subseafloor habitats.
(3.2) 	Examine fundamental physiology of subseafloor microbes under conditions of low growth rates and low energy flux.
(3.3) 	Perform adaptive evolution and long-term survival experiments with subseafloor microbes to characterize molecular genetic signatures associated with particular phenotypes.


2. Research Thrust Areas

Here, we summarize the most important research accomplishments in 2019; we encountered no noteworthy problems. The first three subsections focus on the primary research themes, as described in the last section. This is followed by summaries of field programs that were active in 2019, several of which completed work that cuts across the research themes. For each of these programs, we provide background/context and describe the key operational, scientific, and technical accomplishments. The last two subsections briefly highlight projects previously funded through our grants and fellowships program (2.e) and workshops supported by C-DEBI (2.f). As noted above, no new grants or fellowships were awarded in 2019.

a. Theme 1: Fluxes, Connectivity, and Energy

Research associated with Theme 1 addressed topics including: coupled fluid-heat-solute transport through the volcanic ocean crust, flows of matter and energy between volcanic and sedimentary microbiomes, and the energetics of microbial metabolism. We highlight selected studies on these and related topics in this section.
Wheat et al. (2019) present spatial and time series data collected on Dorado Outcrop, a small (~1 km2) volcanic edifice located on 23 M.y. old seafloor of the Cocos Plate, outboard of the Middle America Trench, near where the plate is subducted below Central America (Figure 1A). Earlier work from this study area emphasized geochemical and macrofaunal observations, whereas this study focuses on links between site geology and the distribution and nature of low-temperature hydrothermal discharge. Discharge from Dorado Outcrop, which occurs at temperatures ≤12-13 °C, is most common from interstices between pillow lavas and is less common through cracks in more massive flows. Fluids tend to cool during ascent from depth below the seafloor, where reaction temperatures may exceed 20°C, discharge appears to be tidally modulated, and output comprises ~10-12 MW of crustal heat loss. Earlier studies indicated that the total heat output of Dorado Outcrop is likely to exceed 100 MW, suggesting that additional discharge sites remain to be discovered. McManus et al. (2019) analyzed the nature of carbon in cool, hydrothermal fluids discharging from Dorado Outcrop, finding that these fluids tend to be enriched by ~0.10 µM in dissolved inorganic carbon (DIC) relative to ambient bottom water. If assumed to be representative of global flows of this kind (for which these are the only samples that have been collected to date), then cool, ridge-flank hydrothermal flows may contribute ~1012 mol C/year of DIC, about the same as that contributed by high-temperature vents in volcanically active areas. 
DIC concentrations in Dorado Outcrop fluids are similar to that seen in earlier studies of basement borehole fluids from North Pond, another major field area for the C-DEBI community. A recent study of heat output on and around North Pond (Villinger et al. 2019) shows that very small thermal anomalies in bottom water, generally ≤0.04 °C, are associated with areas of volcanic rock exposure and (commonly) with elevated geothermal gradients in sediments adjacent to local basement highs. In contrast to Dorado Outcrop, which is an isolated region of exposed volcanic rock surrounded by thick sediments, North Pond is an isolated region of patchy sediment cover surrounded by elevated exposures of volcanic rock. For this reason, and because reaction temperatures in basement are even lower than around Dorado Outcrop, it is particularly difficult to find hydrothermal discharge sites around North Pond. That said, this work shows that additional exploration and mapping of bottom water temperatures could prove useful in locating and sampling such sites at this and other settings. 
A study last year of dissolved organic carbon (DOC) in North Pond fluids showed that a significant fraction that was recalcitrant and relatively unreactive in terms of microbial cycling (Walter et al. 2018). A complementary study of fluids collected from a warmer site of ridge-flank hydrothermal circulation, on the eastern flank of the Juan de Fuca Ridge (JFR), also found evidence for a pool of bio-unavailable carbon (Lin et al. 2019), most likely because microbial and inorganic processes had stripped out much of the more labile carbon during flow and reaction. Isotopic analyses of DOC recovered from the crustal boreholes on the JFR flank suggest that biological productivity in the volcanic crust is unlikely to be a major source of DOC. Hulme and Wheat (2019) analyzed borehole samples from the JFR flank, finding that Ca, Ce and Gd have a positive flux for circulating basement fluids produced by reactions with volcanic rocks. Other elements are added to basement fluids due to diffusion from overlying sediment (especially transition metals), and numerous additional analytes (major and trace solutes) show net consumption during transport in the volcanic crust (Figure 1C).
Several synthesis studies published in 2019 looked at the energetics of microbial metabolism across a range of settings, helping to place results from individual field and laboratory studies in a more complete context. D'Hondt et al. (2019) focused mainly on sedimentary sources and sinks involved in global biogeochemical cycles, but also touched on the roles of volcanic rock reservoirs. In general, sediments comprise a major sink for burial of organic carbon and nitrogen, along with reduced sulfur, whereas volcanic rocks are thought to comprise a net sink for oxidizing power. That said, the distribution of biotic and abiotic drivers for the volcanic-hosted consumption of electron sources remains unknown, in part because of the lack of direct samples of ridge-flank hydrothermal discharge, especially at lower temperatures (≤30°C). 
Lang et al. (2019) summarized DOC and related data from a variety of basement-hosted field sites, including those involving reactions with ultramafic (rich in Fe and/or Mg) volcanic rocks subject to serpentinization. These authors mention common trends in DOC and DIC noted earlier, and also describe how JFR flank and North Pond crustal fluids tend to be relatively low in methane (although this solute remains detectable). This is particularly notable in comparison to fluids recovered from higher-temperature systems, some of which are in contact with organic rich sediments (e.g., Guaymas Basin) or ultramafic rocks (e.g., Lost City) (Figure 1D). In general, fluid systems that are richer in methane also tend to be richer in dissolved carbon dioxide, but both vary by orders of magnitude.
LaRowe and Amend (2019) calculated the Gibbs free energy of hundreds of chemical reactions that can be involved in microbial chemolithotrophic metabolism, comparing deep-sea systems (which are relatively poorly constrained by observations and cultures) to those found in shallow water and on land. They find that, of 740 reactions considered, 571 are exergonic (liberate energy) at one or more sets of conditions that could be represented in the subsurface of the deep sea. In general, deep sea reactions tend to be more exergonic than those in shallow water, although the authors take pains to point out [as they do in a complementary study by Amend and LaRowe (2019)], that it is critical to consider specific environmental conditions, including the temperature, pressure and composition of ambient rocks, sediments, and fluids.

[image: FigureX_Theme1-FluxConnectEnergy.gif]
Figure 1. Examples of studies exploring connections, fluxes and energetics of coupled fluid-chemical-microbiological systems in the deep sea. A. Bathymetric map of Dorado Outcrop showing locations of temperature measurements made with a push-in temperature probe (Wheat et al. 2019). Letters indicate locations of markers; inset map shows field location. B. Bottom photographs of key settings on Dorado Outcrop, including pillow lavas without (upper right) and with (lower left) hydrothermal discharge and associated macrofauna. C. Cartoon illustrating the nature of flows and exchange of elements/solutes between circulating hydrothermal fluids, sediments, and the volcanic ocean crust (Hulme and Wheat  2019). D. Comparison of methane (CH4) and carbon dioxide (CO2) concentrations in hydrothermal fluids from multiple, basement-hosted sites, including a range of temperatures, pressures, and substrate (Lang et al. 2019). 
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b. Theme 2: Activities, Communities, and Ecosystems

Theme 2 emphasizes research focused on the in situ environmental microbial assemblages, their functional activities, and interactions within the deep subseafloor biosphere. Key objectives of this theme are (1) Determine community composition, functional potential, and patterns of natural selection in subseafloor ecosystems; (2) Determine metabolic activity of subseafloor microbial communities; and (3) Advance understanding of subseafloor microbe-virus interactions. In 2019, C-DEBI researchers have continued to make important contributions to our understanding in these areas. Here we highlight a few recent discoveries and publications from C-DEBI scientists including Co-I’s, postdocs and students aligned with Theme 2 objectives.
C-DEBI postdoc Stephanie Carr and Co-I Orcutt recently published the discovery of the genomic potential for carbon monoxide oxidation (carboxydotrophy) coupled with either sulfate or nitrate reduction by an uncultured group of archaea (Hydrothermarchaeota) recovered from subseafloor fluids associated with the Juan de Fuca borehole observatory. Postdoctoral Gus Ramirez also provided insight into the Juan de Fuca crustal ecosystem, publishing a paper this year in collaboration with Co-I Orcutt describing the microbial ecology of the crustal microbiome from IODP leg 327. Research into the newly described Pescadero basin hydrothermal vent field by Co-I Orphan is ongoing - preliminary metagenomic analyses recovered a suite of genomes that are remarkably similar between the Pescadero vents and Guaymas Basin, located 400 km to the north in the Gulf of California. Activity surveys indicate active methane cycling by archaea in carbonate chimneys and hydrothermal sediments (presented at the AGU General meeting in December 2019). Co-I Huber’s lab continues to advance methodologies for studying the active fraction of environmental assemblages by combining stable isotope probing and transcriptomic sequencing of subsurface-associated microbial communities. A recent publication by C-DEBI postdoc Elizabeth Trembath-Reichert points to the widespread bacterial carbon fixation activity coupled with hydrogen oxidation, denitrification, sulfide or thiosulfate oxidation associated with sites along the Mariana back-arc. Student David Galambos working with C-DEBI-supported researchers Rika Anderson and Co-I Huber used a combination of metagenomics and transcriptomics methods to examine activity and potential for microbial niche partitioning within two vent fields in the mid Cayman rise, showing differences in expressed transcripts (e.g. transcripts linked to methane cycling) at the level of individual OTU’s. This data suggests a more limited distribution of microbial communities within this site, with community structure influenced both by genomic potential and the environment. 
C-DEBI interrogations of marine sediment from distant regions strengthened the foundation for nucleic-acid studies of subseafloor life. For example, C-DEBI postdoc Gus Ramírez, Co-I D’Hondt and their collaborators found extracellular DNA to be generally absent from subseafloor sediment. This result indicates that DNA-based studies of subseafloor sedimentary life accurately represent the community of intact cells. C-DEBI student Zak Kerrigan, C-DEBI postdoc John Kirkpatrick and Co-I D’Hondt showed that broad patterns of bacterial community composition are coherent, regardless of the hypervariable region chosen for phylogenetic analysis. Other C-DEBI studies built on this foundation to illuminate fundamental aspects of microbial communities in subseafloor sediment. For example, a team of researchers led by Aurèle Vuillemin and C-DEBI alumnus Bill Orsi (and including Co-I D’Hondt, Emily Estes and Rob Pockalny) demonstrated that Archaea dominate communities in oxic subseafloor sediment for many millions of years. Another team, composed of John Kirkpatrick, C-DEBI alumnus Emily Walsh and Co-I D’Hondt, demonstrated that the bacterial taxa that dominate sediment at depth comprise a subset of the local seafloor community, rather than a grown-in group of geographically widespread subseafloor specialists. The same study showed that perseverance of specific taxa into deep, old sediment is primarily controlled by the taxonomic abundance that existed when the sediment was near the seafloor.
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c. Theme 3: Metabolism, Survival, and Adaptation

Theme 3 concentrates on the actions and traits of individual microbes, including the isolation and characterization of novel bacteria and archaea from diverse subseafloor habitats; examining fundamental physiology of subseafloor microbes under conditions of low growth rates and low energy flux; and carrying out adaptive evolution and long-term survival experiments with subseafloor microbes to characterize molecular genetic signatures associated with particular phenotypes. Traditionally, our understanding of the physiology of microorganisms has been historically derived from fast growing, terrestrial microorganisms. In Theme 3 (Metabolism, Survival, and Adaptation), C-DEBI seeks to investigate relevant subseafloor organisms under laboratory conditions and to study their metabolisms in controlled environments that allow for scientific hypotheses testing. Here, we discuss several such ongoing experiments and recently published results.
        	Isolates from marine sediment, crustal fluids, and hydrothermal vents are being used in several projects. For example, the model methanogenic archaea Methanococcus mariplaudis was grown in an electron donor (formate)-limited chemostat at growth rates between 2-100% of its growth rate. A systems-level analysis was performed including proteomics, rates of methane formation, growth yield, cell size, chromosome copy number and metabolic coupling was measured. We found that the growth yield directly correlated with growth rate, due to a relative increase in maintenance energy at slower rates. In contrast to many fast growing bacteria, we found that in M. maripaludis cell size, average DNA-, RNA-, and protein content, as well as the number of ribosomes are invariant of growth rate - the different rates of protein synthesis are realized exclusively via changes in ribosome activity (Figure 2).

[image: ]
Figure 2. The fraction of active ribosomes decreases with decreasing growth rate while the average translation rate also decreases by an order of magnitude.

In addition, we observed a complete lack of growth rate dependent resource allocation on the proteome level Figure 3). Our insight into the acclimation of methanogenic archaea to slow growth conditions reveals properties that are fundamentally different from well-studied model organisms like E. coli, but might be more representative for the vast majority of environmental, slow growing organisms. 

[image: ]
Figure 3. Invariance of proteome for methanogenesis while the rate of methane formation decreased with decreasing growth rate.

Additional laboratory studies with E. coli were carried out by C-DEBI researcher Alberto Robador in Co-I Finkel’s lab to identify previously unknown growth dynamics related to the temporal expression of the growth advantage in stationary phase (GASP) phenotype that allow mutants to capitalize on the decrease of energy over prolonged periods of time (Robador et al. 2019, Figure 4). Similar strategies to those characterized in laboratory strains might be relevant to understand the aging of environmental bacteria found in deep subsurface environments.
[image: ]
Figure 4. GASP phenotype becomes apparent on heat flow profiles (red filled curves) of anaerobic long-term stationary phase cultures (solid black line and grey circles). Metabolic heat flows were measured isothermally using calorimetry in prolonged batch incubations of strain ZK1142 (Nalr). 

Finally, we continue to work with novel isolates from the crustal aquifer. Crustal fluids from the deep and shallow horizons of CORK observatory U1383C at North Pond were used to isolate 46 Halomonas strains on autotrophic minimal media in Co-I Huber’s lab. Co-I Finkel’s group continues to characterize the suitability of these isolates with respect to their utility as model organisms for laboratory experiments, currently focusing on the physiological properties and genetic plasticity of these organisms and their ability to grow under extremely oligotrophic conditions.. Each of these strains displays the ability for significant growth in laboratory culture without the addition of nutrients to the laboratory cultures as sources of carbon and energy, growing to densities 10- to 100-fold greater than laboratory strains of E. coli under similar conditions. Recently we have observed that these 46 strains display very different growth parameters depending on the particular culture method used, for example in “static” vs. “shaking” cultures. This may reflect fundamental differences in the way these microbes utilize oxygen in respiratory processes. This is of particular relevance given that all of these organisms were isolated from the same water samples, with the same amounts of free oxygen. Genetic analyses are now underway, and shortly whole genome sequencing, to identify genes responsible for the ability of these cells to grow under such extreme conditions of nutrient deprivation.
In addition to working with cultured isolates, C-DEBI scientists are using a variety of genomic tools at the single-cell or population level to understand traits of individual microbes. For example, members of the Chloroflexi phylum are commonly found in deep-sea sediments but little is known about their phylogenetic distribution across sediments and depth, or their metabolic characteristics. We used metagenomics and functional genomics analysis to gain insights into the functional potential of this phylum, and we looked at its distribution in deep-sea habitats from 8 locations around the world, including marine sediments and crustal fluids. After quality cleaning, the reads for each location were assembled using MegaHit and the resulting contigs binned into Metagenome-Assembly Genomes (MAGs), yielding 34 MAGs with 75%+ completeness and less than 5% contamination from 6 different locations. Phylogenetic placement of these MAGs using Phylophlan confirmed them to belong to the Chloroflexi phylum. 17 MAGs were siblings of Dehalococcoidia and 5 of Anaerolineae (with 3 deep branching, Figure 5). 4 MAGs could be placed in the Thermoflexia clade, 5 in the Ardenticatenia and the last 2 in the Caldilineae clade. Figure 5 shows the metabolic potentials identified in each MAG, with the most striking observation being the wide-spread presence of the CO2-reductive Wood Ljungdahl pathway.

[image: ]
Figure 5. The Wood Ljungdahl pathway is wide-spread in marine subsurface Chloroflexi and found in conjunction with diverse carbon-oxidation pathways.

Other work with environmental -omics includes research from Co-I Huber’s lab that used genome-resolved metagenomics and metatranscriptomics to examine patterns of gene abundance and expression and assess potential niche differentiation in microbial communities in venting fluids from hydrothermal vent sites at the Mid-Cayman Rise (Galambos et al. 2019) and the Mariana Back-Arc (Trembath-Reichert et al. 2019). At the Mid-Cayman Rise, similar patterns in gene and transcript abundance were observed between two geochemically distinct vent fields at the community level (Galambos et al. 2019). However, each vent site also harboured a distinct microbial community with differing transcript abundances for individual microbial populations. Results indicate that MAG transcript abundance can be tied to differences in metabolic pathways and to potential metabolic interactions between microbial populations, allowing for niche-partitioning and divergence in both population distribution and activity. And a study led by C-DEBI Bioinformatics Specialist Tully examined the metabolic diversity and global ecology of the uncultivated Marine Group II Euryarchaea (‘Candidatus Poseidoniales’), which play an important role in the degradation of organic carbon throughout the water column (Tully 2019). The role of water column heterotrophs in degrading carbon during sinking is important for constraining the impact of these processes on sediment microbial communities.
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d. Field Projects

The Center continues to pursue expedition-based research. Here, we briefly describe activities that took place in 2019 at a few sites, identifying key C-DEBI personnel involved.
Eastern Flank of the Juan de Fuca Ridge. The Juan de Fuca Ridge (JdFR) has been a major field site since the start of the Center. Major installation of observatory infrastructure and field cross-hole experiments has been completed, but numerous samples and datasets are still being analyzed, and additional numerical modeling studies are in progress. Co-I Orcutt led research cruise AT42-11 aboard R/V Atlantis with ROV Jason in May 15-28, 2019 to revisit the observatory network at this site to conduct in situ incubation experiments for examining microbial physiology and activity in this low energy system. The field expedition incorporated many early career scientists, including graduate students (5), postdoctoral fellows (6), and one undergraduate student. Many of these early career scientists were participating in oceanographic field work for the first time, and most were new to using ROV assets for deep-sea research. The primary focus was the study of the microbial biosphere in subsurface oceanic crust, with primary objectives including (1) seafloor and shipboard incubations of crustal fluids from IODP Holes U1362A/B to identify rates of microbial activity and the active members of the microbial population (funded by awards NSF OCE-1737017 and NASA 80NSSC19K0466 to Orcutt) and (2) collecting and filtering large volumes of crustal fluid for analysis of microbial ecogenomics and viruses as well as enrichment and culturing efforts (NSF OCE-1851582 and linked awards to C-DEBI community members Rappé, Nigro and Carr). We were able to conduct novel, low-tech incubations with stable isotopes under in situ (i.e., high temperature, high pressure) to measure single cell activity in low biomass samples. In service of the ecogenomics, virus, and culturing efforts, a total of 352 L of raw crustal fluid was collected with the Mobile Pumping System from the CORKs, supplemented by 674 L of fluid filtered in situ with the MPS and a record 21,300 total liters filtered in situ with passive filtration units. The cruise report is publicly available through BCO-DMO (https://www.bco-dmo.org/deployment/779091).

[image: ]
AT42-11 science party (L to R): Beth Orcutt, Mike Rappé, Olivia Nigro, Anirban Chakraborty, Kelle Freel, Kerry Dykens, Jessica Choi, Jorge Agobian, Kai Ziervogel, Cherise Spotkaeff, Martin Van Den Berghe, Adi Gajigan, Trevor Fournier, Stephanie Carr, Jacob Munson-McGee, Ty Gourdine, Adam Price, Tim D’Angelo, Duane Moser, Melody Lindsay, Anne Booker 

Guaymas Basin, Gulf of California. A major C-DEBI effort in IODP in the current year came in the form of IODP Expedition 385 “Guaymas Basin Tectonics and Biosphere”, co-lead by C-DEBI scientist Andreas Teske. This expedition was proposed during Phase 1 and is the result of intense international collaboration and site survey work to identify sites for drilling into a sedimented hydrothermal system to understand microbial processes. Other C-DEBI scientists on this expedition included Jeanine Ash (a former C-DEBI Postdoctoral Fellow), Diana Bojanova (a student of C-DEBI PI Amend), Ginny Edgcomb (a former C-DEBI research awardee), and Nicolette Meyer (student of former C-DEBI Research awardee Anne Dekas). As the JOIDES Resolution arrived in a US port for the first time in 10 years in association with this expedition, several publicity events were held in San Diego, bringing attention to the deep biosphere research efforts of this community. We also note that Co-I Orcutt served as Co-Chief Scientist of transit expedition 385T (joined by Co-I Wheat as a participant), which had deep biosphere objectives but unfortunately encountered operational challenges that prevented sample collection.
Future expeditions. C-DEBI Co-Is are also involved in other upcoming drilling/coring/sampling expeditions and in numerous deep biosphere proposals (submitted and in-development) to the IODP for future drilling. For example, during IODP Expedition 366 (December 8, 2016 - February 8, 2017) to the Mariana trench, three cased boreholes were deployed into the summit of three different serpentinite mud volcanoes. These mud volcanoes represent a continuum along the subduction channel in which fluid compositions differ with increasing pressure and temperature as the Pacific Plate subducts under the Philippine Plate. Each cased borehole included a screened section at depth and each is actively discharging fluids that ascend from the subduction channel. Co-I Wheat is funded by NSF to deploy CORK-Lites into each of the cased boreholes and to sample the discharging fluids from them. Such data will provide a measure of reactions within the subduction channel and provide a foundation for in situ experimentation and “taking the pulse of subduction”. Scheduled operations are expected in early 2021. As another example, C-DEBI scientists are involved in the upcoming drilling expeditions to the south Atlantic. A transect of six sites has been scheduled for drilling in 2020 and 2021 (IODP Exp. 390 and 393). This two-part expedition will drill crust on the western flank of the Mid-Atlantic Ridge at crustal ages of 13 to 54 Ma, complementing the transect of boreholes (ODP Exp. 168) on the eastern flank of the Juan de Fuca that served as the foundation for one of the three primary C-DEBI sites. C-DEBI scientist Sylvan will be one of the Co-Chief Scientists and Co-I Wheat will participate as an inorganic geochemist. Lastly, Co-I D’Hondt is the lead proponent of IODP Proposal 929 (Blake Nose Drilling: Effects of Subseafloor Life of a Major Lithologic Unconformity and Past Oceanic Events). As noted earlier, this drilling expedition is currently being considered for scheduling in 2020 or 2021.

► See more at the Field Sites webpage 
► See related C-DEBI Contributed Publications in 

[bookmark: _f._Other_Projects][bookmark: _e._Projects_from]e. Projects from our Grants and Fellowships Program

C-DEBI has an extensive grants and fellowships program that supports small research projects, research and travel exchanges, education and outreach, and graduate student and postdoctoral fellowships.  The funded projects cut across all three Research Themes. A list of the 16 funded projects that were active in 2019 is provided in Appendix B. The breakdown of active grants and fellowships is as follows: 3 small research projects (up to $80k), 3 graduate student fellowships (1-2 years), 7 postdoctoral fellowships (1-2 years), and 3 research exchange grants that require matching funds. Twenty-seven different individuals, comprised of 12 graduate students and postdocs representing 15 institutions, received financial support for these projects.
The small research grants and fellowships support a wide variety of field projects, experimental and analytical investigations, and modeling efforts relevant to C-DEBI. These include analyses of samples and data from deep subseafloor sites, laboratory studies of microbial activity, and investigations of analog environments. Here, we call out only the 2 new awards made in 2019. Research exchanges were awarded to: Jesse Colangelo-Lillis (postdoc at the University of Colorado Boulder) to participate in the IODP ECORD Training Course at MARUM (Center for Marine Environmental Sciences, University of Bremen) to acquire a greater understanding of IODP science planning and shipboard logistics and analyses, in order to facilitate realistic IODP proposal writing; and Megan Mullis (graduate student at Texas A&M University Corpus Christi) to participate in the ECORD Summer School Course “Subduction Zone Processes” at MARUM to network with international scientists of various disciplines, learn shipboard operations, and improve grant writing abilities.

► See more at the Funded Projects webpage 
► See related C-DEBI Contributed Publications in 

f. C-DEBI Workshops 

In 2019, C-DEBI funded and organized a workshop focused on preparing the next generation of C-DEBI scientists for future success through collaboration development and training to continue to push the field forward with the momentum C-DEBI has provided. The C-DEBI NextGen workshop was held November 9-11 in Monterey, California, and led by Sarah Hu, Jackie Goordial, and Ben Tully. In attendance were 17 Early Career Researchers (ECRs; including the 3 co-leads) ranging from postdocs to Assistant Professors that had either received previous funds from C-DEBI or had collaborated on/contributed to C-DEBI sponsored research. In addition to ECRs, three senior scientists and C-DEBI Co-Is, Jan Amend, Geoff Wheat, and Julie Huber attended as invited guest speakers. The first day began with structured group brainstorming, where each participant contributed ideas and thoughts to address “What are the next big challenges for research in the deep biosphere?” These big ideas were re-visited often throughout the workshop; broadly they can be summarized as: (a) dealing with detection limits and bottlenecks, (b) linking bioinformatics to quantifiable measurements, (c) the need to develop methods to work with non-model organisms, (d) framing future research questions around underexploited biotechnological innovations, and (e) the need for synthesis across subdisciplines. A full summary of these big ideas will be compiled as a white paper, intended for submission as a PLOS Biology Community Page. 
During each day of the workshop, invited guest speakers were asked to share their insight and be a part of a panel to address the nuances of obtaining funding to study the deep biosphere. Topics discussed included: how to request time for ROV Jason and shiptime, submitting proposals for drilling, how to gain access to already existing infrastructure (e.g., CORKS), and tips for writing proposals to NSF, NASA and other avenues such as foundations and private money. Ahead of the workshop, participants submitted questions and topics they wanted to learn more about and the invited speakers catered their talks and discussion to address these questions. The remainder of the workshop was spent brainstorming on big projects/proposals and presenting preliminary ideas to the group (and panelists) for immediate peer review. Projects ranged from planning preliminary lab experiments, outlining a review paper, to full proposals. The workshop concluded with a series of lightning talks where each group presented their project objectives, scientific hypotheses, and next steps. Post-workshop survey responses were positive, and participants greatly appreciated the panelists’ talks.
In addition, C-DEBI supported several people to attend the Geobiology Society Conference (June 9-13) in Banff, Alberta, Canada, and the Microbial Single Cell Genomics Workshop (September 22-26) at Bigelow Laboratory.  Two C-DEBI supported workshops are currently planned for 2020: the Geobiology Gordon Research Conference (January 12-17) in Galveston, Texas and the Microenergy Workshop (September 7-11) in Denmark, with PI Amend and Co-I Orphan among the organizers. 

► See more at the Workshops webpage 


3. Performance With Respect to the Strategic Implementation Plan

Our primary research goal is to enable, produce, and communicate transformative, synergistic research through an inclusive and collaborative culture that crosses disciplinary and institutional boundaries and is embedded throughout the Center’s activities. In Phase 1 (2010-2015), C-DEBI focused primarily on the exploration and discovery of subseafloor ecosystems, with most studies concentrated at four major sites: Juan de Fuca Ridge flank, South Pacific Gyre, North Pond, and the Dorado Outcrop. In Phase 2 (2015-2020), C-DEBI is developing an integrated understanding of microbial subseafloor life, covering and connecting the molecular, cellular, and ecosystem scales. Maintaining highly multidisciplinary and interdisciplinary approaches, C-DEBI is emphasizing microbial ecology while ensuring that essential context is provided through studies and advances in geochemistry, hydrology, oceanography, and related disciplines. The three overarching research themes are (1) fluxes, connectivity, and energy; (2) activities, communities, and ecosystems; and (3) metabolism, survival, and adaptation. C-DEBI research projects target two distinct subseafloor biosphere environments—the igneous ocean crust and overlying sediments—that have historically been studied independently; field investigations of these environments are complemented by coordinated laboratory studies and modeling. C-DEBI is led by five Co-PIs and five senior scientists from eight U.S. universities and research labs, but seeks to build and leverage scientific, educational, and technological partnerships with numerous other U.S. and international institutions (educational, research, outreach, engineering, not-for-profit). In addition, C-DEBI seeks to develop a diverse community of multidisciplinary collaborators, to identify promising topics, and to develop new projects that will help to advance the Center's objectives.

Target 1: Transfers of fluid, heat, solutes, carbon, and microbes are quantified within and between subseafloor biomes, and between the subseafloor and the overlying ocean; the nature of energy sources available to microbes in these ecosystems is determined; and the next generation of coupled fluid-energy-biochemical-microbial models is developed.

	Metric
	Status/Problems

	Quantify transfers of fluid, heat, solutes, carbon, and microbes within and between subseafloor biomes, and between the subseafloor and the overlying ocean 
i. Continue time-series observations and sampling at selected sites and analyze data and samples from earlier studies to resolve the extent of natural variability (within and between biomes), determine environmental controls on crustal microbial community composition, and assess how this variability impacts flows and connections
ii. Develop studies, including some at new field sites, as needed to test and extend understanding of coupled fluid-rock-geochemical-microbial systems
	Pending

	Determine the nature of energy sources available to microbes in subseafloor ecosystems
i. Map the distributions of electron acceptors and electron donors regionally and globally as a function of depth at a range of spatial scales
ii. Quantify metabolic reaction energetics as well as fluxes of electron acceptors and donors by combining internally consistent thermodynamic data, available kinetic parameters, and reactive transport modeling
	Pending

	Develop the next generation of coupled fluid-energy-biochemical-microbial models
i. Combine existing physical and thermal models with rate constants for primary reactions and transport (advection and diffusion) that involve solutes in basement fluids; then attempt to couple these with microbial processes to increase the model complexity
ii. Test, calibrate, and apply coupled geochemical-microbiological models to a variety of seafloor and subseafloor environments
	Pending


	Publish 25 (in aggregate) papers in this research theme
	Met

	Publish 5 (in aggregate) method/instrument papers demonstrating new techniques and tools developed and/or applied in this research theme
	Pending



Target 2: The composition of subseafloor microbial communities and the functional potential of these communities are illuminated, based on the diversity of metabolic activities and interactions with the physicochemical aspects of the system.

	Metric
	Status/Problems

	Determine community composition, functional potential, and patterns of natural selection in subseafloor ecosystems
i. Quantify the number, diversity, and relative abundances of microbes at multiple taxonomic levels—from domain to “species-level” operational taxonomic units (OTUs), ecotypes, and oligotypes
ii. Determine the functional potential embodied in these communities
iii. Integrate data on community composition and microbial activities to identify how sources of energy and microbial interactions drive natural selection in subseafloor ecosystems
	Pending

	Determine metabolic activity of subseafloor microbial communities
i. Document actual rates of in situ activities using gene expression in sediment and rock samples
ii. Identify potential activities in laboratory experiments using subseafloor samples incubated with isotope-labeled substrates
iii. Closely examine microbe-mineral interactions in conjunction with activity measurements in in situ incubations and laboratory microcosms
	Pending

	Advance understanding of subseafloor microbe-virus interactions
i. Integrate correlation network techniques using subseafloor archaeal, bacterial, microeukaryote, and viral diversity datasets combined with microbial activity measurements
ii. Incorporate the isotopic and diversity datasets collected as part of 2.a. and 2.b. to develop a food web model in combination with statistical diversity-based networks
	Pending

	Publish 25 (in aggregate) papers in this research theme
	Met

	Publish 5 (in aggregate) method/instrument papers demonstrating new techniques and tools developed and/or applied in this research theme
	Met






Target 3: A ‘portfolio’ of selected model subseafloor organisms is established, and their physiological and genetic traits are characterized; in addition, these microorganisms are used to investigate energy and carbon use for growth and maintenance under kinetically limiting conditions and to determine rates of metabolism under specific conditions.

	Metric
	Status/Problems

	Isolate and characterize novel bacteria and archaea from diverse subseafloor habitats
i. Enrich subseafloor bacteria and archaea from sediment, crustal fluids, and rock samples, using, among others, plugged flow, chemostat, and hanging sponge reactors
ii. Fully characterize novel organisms, including their genomes
iii. Interrogate their abundance and activity in the original sample to help infer their ecological roles
	Pending

	Examine fundamental physiology of subseafloor microbes under conditions of low growth rates and low energy flux
i. Use long-term chemostat-like culturing systems to study the coupling of catabolism and growth in the Chloroflexi
ii. Use down-flow hanging sponge bioreactors to explore the molecular and physiological underpinnings of the hypothesis that archaea may be low-energy specialists and well adapted to the energetic extremes that define many subseafloor environments
	Pending

	Perform adaptive evolution and long-term survival experiments with subseafloor microbes to characterize molecular genetic signatures associated with particular phenotypes
i. Use subseafloor isolates to determine the genotypic, phenotypic, and biochemical and physiological bases for metabolic traits
ii. Develop genetic markers for model organisms to be used in competition experiments
	Pending

	Publish 25 (in aggregate) papers in this research theme
	Met

	Publish 5 (in aggregate) method/instrument papers demonstrating new techniques and tools developed and/or applied in this research theme
	Pending





Target 4: Field investigations at the four ‘major sites’ identified in C-DEBI Phase 1 are largely completed (i.e. at Juan de Fuca, South Pacific Gyre, North Pond, and Dorado Outcrop with the latter two potentially continuing beyond C-DEBI Phase 2).  Environmental data and samples from these sites are compiled and analyzed along with laboratory experiments and modeling to address questions across the three Phase 2 research themes.

	Metric
	Status/Problems

	C-DEBI researchers lead and participate in expeditions to these and other sites of interest
i. Collect samples for laboratory analyses and experiments
ii. Collect environmental data for use in experiments and ecosystem modeling
	Met

	Convene workshops and conference sessions
i. Develop approaches to integrate results from field, lab, and modeling studies
ii. Synthesize results and methods from multiple sites
	Met



Target 5: The new C-DEBI senior scientists are integrated in all aspects of the Center, and cross-disciplinary and cross-institutional research training is thriving through our grants programs, thereby expanding the community of deep biosphere researchers, technologists, and educators.

	Metric
	Status/Problems

	Provide substantial research funds to the 5 Co-Investigator labs as well as to the 5 new senior scientist labs
	Met

	Award $1M in research grants/fellowships annually (for the first 3.5 years) to predominantly graduate students, postdoctoral scholars, and other junior researchers through annual RFPs
	Met




4. Plans for the Next Reporting Period

The research plans for 2020 (through September) remain as stated in our Phase 2 proposal, incorporating field, laboratory, and modeling approaches.  As outlined in Theme 1, we will constrain the extent, variability, and controls on fluxes and connectivity within subseafloor biomes and between the subseafloor and the overlying ocean; map geochemical energy sources in subseafloor ecosystems at a range of spatial scales; and develop and test the next generation of coupled geochemical-hydrological-microbial models for subseafloor ecosystems.  In Theme 2, we will determine community composition, functional potential, and patterns of natural selection in subseafloor ecosystems; determine metabolic activity of subseafloor microbial communities; and advance understanding of subseafloor microbe-virus interactions.  In Theme 3, we will isolate and characterize novel bacteria and archaea from diverse subseafloor habitats; examine fundamental physiology of subseafloor microbes under conditions of low growth rates and low energy flux; and perform adaptive evolution and long-term survival experiments with subseafloor microbes to characterize molecular genetic signatures associated with particular phenotypes.  However, our primary focus for the final reporting period will be on finishing long-term investigations and generating synthesis products in addition to those that appeared in 2019 (e.g., a book edited by Co-I Orcutt on the deep biosphere and a review article led by Co-I D’Hondt on subseafloor metabolic activities and their biogeochemical consequences. Lastly, PI Amend and Managing Director Sylvan will be generating an hour-long multi-media presentation that summarizes and highlights the major scientific and educational accomplishments of 10 years of C-DEBI; Amend intends to deliver this ‘story’ at multiple occasions and venues in 2020 and 2021.
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1. Overall Education Goals and Objectives

The main goal of C-DEBI’s education program is to generate distinctive and targeted activities in and around ocean sciences, in general, and the marine subsurface biosphere, specifically. To achieve this goal, we focus our efforts on three target groups: undergraduate students, graduate students and postdoctoral scholars, and the general public. Central to our mission is the integration of our education programs with our expansive and diverse research effort—we do not see these as independent pursuits. To engage and retain young people in STEM fields and to develop the next generation of specialists, C-DEBI provides training, mentoring, and professional development opportunities, but we also leverage numerous educational partnerships nationally to work with K-12 students and the public to ensure engagement at all levels.


2. Undergraduate Students

As part of our undergraduate education program, we focus heavily on hands-on research activities for community college students, including the Community College Research Internship for Scientific Engagement (CC-RISE) and the Community College Cultivation Cohort (C4) Research Experience for Undergraduates (REU). For undergraduate students from underrepresented minority (URM) groups at USC, we again supported the Genomics and Geobiology Undergraduate Research Experience (GGURE), and for undergraduate students across the country who are interested in microbial ecology and biological oceanography, we offered our Global Environmental Microbiology (GEM) course.
CC-RISE is a non-residential REU-style program at our partner institution, Woods Hole Oceanographic Institution (WHOI) in Massachusetts. The overall program was led by C-DEBI’s Education, Outreach, & Diversity (EOD) Managing Director Stephanie Schroeder, with local oversight at WHOI by Co-I Julie Huber. Four academically competitive students spent eight weeks during the summer in state-of-the-art research labs. For 40+ hours a week, they carried out experiments and analyses, and participated in professional development seminars that ranged from how to read and write a scientific paper to how to apply to graduate school. Two students transferred to 4-year universities this fall: one to the University of Massachusetts, Amherst and the other to Fitchburg State University. The other two are continuing their studies at Cape Cod Community College. In post-program surveys (Appendix C), CC-RISE students provided substantive and predominantly positive feedback, noting that they benefitted from the hands-on research opportunities that they could not get elsewhere and that their participation in these programs expanded their views of career options. 
For the past three summers (2016-2018), we offered the C4 REU program at USC. Students (recruited from across the US) worked in pairs to characterize a novel bacterium isolated from a seafloor environment. While we did not host students this summer, peer-reviewed papers continue to be published from this program. The 2017 C4 cohort published “Genome sequence of Mariprofundus sp. strain EBB-1, a novel marine autotroph isolated from an iron-sulfur mineral” in Microbiology Resource Announcements (Lopez et al., 2019), and an unrefereed preprint “MetaSanity: An integrated, customizable microbial genome evaluation and annotation pipeline” led by Chris Neely (2017 cohort) is available at bioRxiv (the Cold Spring Harbor Laboratory preprint server for biology). Additionally, one student from the 2018 C4 cohort traveled to the 2019 ASLO meeting as part of their dedicated multicultural program, further integrating their experience in the STEM pipeline.
	GGURE, a research internship program that targets URMs, continues a 16-year effort led by Co-I Steven Finkel to recruit and maintain USC undergraduate students in STEM fields. The program is part-time during the academic year and full-time over 10 summer weeks, with students carrying out microbiological research in a wide range of USC labs. As we near the end of the STC and the Center budget begins to scale-back, the summer program was not run this year, however external funding may support the summer program again next year. Regular journal club meetings provide opportunities for students to delve deeper into research topics while forming a tight cohort. Regular meetings also focus on professional development sessions with topics ranging from ‘Demystifying Graduate School’ to ‘Career Paths’. Students present their research at conferences as well as co-authoring peer-reviewed papers. As reported in the external evaluations (Appendix D), these experiences made the students more likely to include research in their career goals. 
Another flagship component of our undergraduate education program is the GEM course, which targets URMs early in their academic careers. Now in its ninth year, this field-based, hands-on, 3-week course is led by USC faculty Co-I John Heidelberg and Eric Webb, with directional support from Diversity Director Gwen Noda.  In 2019, sixteen students participated with about half of them coming from community colleges across the country. We remain in close contact with all graduates of the course through social media and other means, and we strive to form a community of young researchers with this common experience. All GEM students indicated that the course helped them clarify their future career path with almost all of them staying in STEM (Appendix E). The hands-on lab experiences and field work were noted as meaningful components of the course, and students also reported that the interpersonal connections were incredibly valuable.
Undergraduate students were also engaged by C-DEBI researchers, senior scientists, graduate students, and postdoctoral scholars through mentoring (e.g., Diana Bojanova (USC), Steve Finkel (USC), Julie Huber (WHOI), Andrew Fisher (UCSC), Geoffrey Wheat (University of Alaska Fairbanks), Taylor Royalty (University of Tennessee Knoxville)), workshops and training events (e.g., John Kirkpatrick (The Evergreen State College), Abhiney Jain (from University of Minnesota at Itasca Biological Station)), and lectures (e.g., Daan Speth (from CalTech to CSU Fullerton students), Margrethe Seres (from WHOI to Community College STEM club), Jeanine Ash (Rice University)).

	Activity Summary: Undergraduate and Community College Programs

	Led by
	Dr. Stephanie Schroeder, Co-I Dr. Jan Amend, Co-I Dr. Julie Huber, Co-I Dr. Andrew Fisher, Co-I Geoffrey Wheat, Co-I Dr. Steven Finkel, Co-I Dr. John Heidelberg, Dr. Eric Webb, Dr. Margrethe Serres, Dr. Benjamin Tully, Dr. Kenneth Nealson, Dr. John Kirkpatrick, Dr. Abhiney Jain, Dr. Daan Speth, Dr. Jeanine Ash, Diana Bojanova, Taylor Royalty

	Intended Audience
	Undergraduates 

	Approximate Number of Attendees 
	369



► See References Cited in  
► See more at the CC-RISE webpage
► See more at the C4 webpage  
► See more at the GEM webpage
► See more at the GGURE webpage 


3. Graduate Students and Postdoctoral Scholars 

The close integration of education and research is particularly evident in the activities of our graduate students and postdoctoral scholars. C-DEBI provides both formal and informal training to these early career scientists. First and foremost, graduate students and postdoctoral scholars make up the bulk of the research personnel in the Co-I labs. In addition, C-DEBI has awarded numerous 2-year research fellowships, hosts an online seminar series, and supports a range of professional development opportunities.
At any time, approximately 30-40 graduate students and postdoctoral scholars are working on C-DEBI research in the 10 Co-I labs. In 2019, these graduate students and postdoctoral scholars received a wide variety of professional training that intertwined research with education and outreach, including participation in research and training cruises, oral and poster presentations at national and international meetings, invitations to focused workshops, opportunities to deliver classroom and public lectures, inclusion in and leadership of grant proposals, and mentoring of undergraduate and graduate student research. 
C-DEBI also invests in the next generation of subseafloor researchers via its graduate student and postdoctoral scholar fellowship programs. These fellows have always integrated education and outreach with their research activities, and since 2016 have been required to include a formal broader impacts statement in the proposal process. The cohort of C-DEBI fellows (together with the C-DEBI graduate students and postdoctoral scholars in Co-I labs) constitutes a private forum to discuss research problems, professional development, and future employment opportunities. EOD Managing Director Stephanie Schroeder, superseded now by EOD Director Gwen Noda, also sends weekly emails with information on a variety of topics from organizations including, but not limited to, the AGU, National Postdoc Association, Council of Graduate Schools, and National Association of Geoscience Teachers.
The C-DEBI Networked Speaker Series (NSS) is another opportunity for early career scientists to interact with the larger community. Speakers can be nominated by anyone, with selections made by ExCom. The speakers give live, 30-minute web seminars, followed by a Q&A session. The seminars are recorded for those unable to attend, and C-DEBI hosts 3-4/year. In 2019, the speakers were: Jeanine Ash (postdoctoral fellow, Rice University), Taylor Royalty (graduate student, University of Tennessee), Jessica Labonté (Assistant Professor, Texas A&M Galveston), and James Bradley (Assistant Professor, Queen Mary University of London).
At our 2019 annual meeting, 19 C-DEBI graduate students and postdoctoral scholars participated in an all-day professional development workshop entitled Project Management: The Process, The Team, and The Work. The workshop, led by Randall K. Ribaudo and Larry Petcovic of SciPhD Training Programs, focused on how to develop and manage projects as well as how to understand and communicate with people in order to complete those projects. While the response to the workshop was extremely variable in the evaluation (Appendix F), many participants responded that they had a better understanding of project and people management after the workshop with several participants stating what they learned would help them immediately and/or in the future.
Individual C-DEBI graduate students and postdoctoral scholars also participated in a range of other professional development activities, from mentoring undergraduates to organizing workshops. For example, many C-DEBI postdocs mentored C-DEBI graduate students; others (e.g., Jeanine Ash (Rice University), Abhiney Jain (University of Minnesota), and Jesse Colangelo (UC Boulder)) gave seminars about microbes to various undergraduates and K-12 students; and yet others (e.g., Clarisse Sullivan (University of Hawaii) and Claire McKinley (University of Washington)) participated in outreach activities at tabling events. Additionally, three early career C-DEBI researchers designed and led the C-DEBI NextGen Workshop to prepare the next generation of C-DEBI scientists for success through proposal writing training and development.  Finally, building on the success of previous bioinformatics workshops, C-DEBI Bioinformatics Specialist Ben Tully organized and ran a bioinformatics workshop for the 16 graduate student and postdoctoral participants of the International Geobiology Course at Caltech. 

	Activity Summary: Professional Development

	Led by
	Dr. Stephanie Schroeder, Co-I Dr. Jan Amend, Co-I Dr. Julie Huber, Co-I Dr. Andrew Fisher, Co-I Dr. Steven Finkel, Co-I Dr. Victoria Orphan, Co-I Dr. Beth Orcutt, Co-I Dr. Alfred Spormann, Co-I Dr. Steven D’Hondt, Co-I Dr. John Heidelberg, Dr. Benjamin Tully, Dr. Jacqueline Goordial, Dr. Sarah Hu, Dr. Jesse Colangelo, Dr. Abhiney Jain, Dr. Jeanine Ash, Taylor Royalty, Dr. Jessica Labonté, Dr. James Bradley, Dr. Claire McKinley, Diane Bojanova, Clarisse Sullivan

	Intended Audience
	Graduate students, postdoctoral researchers

	Approximate Number of Attendees 
	1000+



► See more at the Networked Speaker Seminar Series webpage
► See more at the Professional Development Webinar Series webpage


4. K-12 and the General Public 

C-DEBI’s outreach activities engaged audiences from kindergarten through adults, including students, educators, marine engineers, entrepreneurs, and many others. Engagement efforts range from short, personal interactions at event tables and exhibits to longer, more in-depth interactions at workshops and lectures to broadly distributed communications such as interviews, blog posts, and social media efforts that have the potential to reach thousands of people. Here are just a few examples of our efforts in 2019: Christopher Petrone of Delaware Sea Grant, funded through a C-DEBI E&O Small Grant, reports over 55,000 views of Project VIDEO content since 2016 which includes 15 Second Science and Dive Deeper videos; In Search of Earth’s Secrets: A Pop-up Science Encounter, a traveling exhibit about the JOIDES Resolution and the deep biosphere, continues its tour of the US this year; Associate Director Co-I Julie Huber was interviewed for the podcast Science Rules! with Bill Nye; Director Co-I Jan Amend presented Life Underneath the Ocean at the 2019 Ocean Planet Conference aimed at non-specialist and ocean enthusiasts from broad sectors including business, arts, ocean sports and ocean sciences; Dr. Jeanine Ash was interviewed for the podcast Tumble: Science Podcast for Kids in the lead up to the IODP Expedition 385 Guaymas Basin Tectonics and Biosphere and shared the on-board research by tweeting throughout the expedition; Karen Lloyd presented The mysterious microbes living deep inside the earth – and how they could help humanity at TED2019; Gwen Noda spoke to Tall Ship educators about C-DEBI deep biosphere research as part of an Ocean Literacy training. Additional stories appeared in media outlets such as The Los Angeles Times, The Guardian, KQED, and NBC News online which are listed in Center-wide Outputs and Issues Section VIII and .
C-DEBI, in partnership with institutions across the country, engaged K-12 students in a variety of activities to increase their knowledge about ocean science and subseafloor biosphere research. Co-I Geoffrey Wheat again ran the Seafloor Science and ROV Summer Camp for 6th-8th graders, which emphasizes crucial technology to conduct subseafloor research; community college students were recruited to serve as interns in the camp. C-DEBI ROVs were utilized in education programs at the USC Wrigley Institute’s Marine Science Center with groups such as USC’s Neighborhood Academic Initiative that serves middle and high school students from south and east Los Angeles. 



	Activity Summary: K-12 Programs and General Outreach

	Led by
	Co-I Dr. Jan Amend, Co-I Dr. Julie Huber, Co-I Dr. Geoffrey Wheat, Co-I Dr. Victoria Orphan, Linda Chilton, Christopher Petrone, Lyndell Whitley, Sharon Cooper, Dr. Annette Rowe, Dr. Dionysis Foustoukos, Dr. Karen Lloyd, Dr. Jeanine Ash, Dr. Jesse Colangelo, Dr. Claire McKinley, Clarisse Sullivan, Gwen Noda

	Intended Audience
	K-12 students, general audience

	Approximate Number of Attendees 
	1000+



► See more at the Seafloor Science and ROV Summer Camp webpage


5. Performance with Respect to the Strategic Implementation Plan

Our strategic implementation plan seeks to bring C-DEBI research and the role of subseafloor microbes to the forefront by increasing microbiology literacy in the general public, engaging and retaining students in STEM fields, and training the next generation of subseafloor researchers. As noted above, we focus our efforts on undergraduate students, graduate students and postdoctoral scholars, and the general public. To engage these groups and retain young people in STEM fields, C-DEBI provides training, mentoring, and professional development opportunities, but we also leverage numerous educational partnerships nationally to work with K-12 students to ensure engagement at all levels. At the undergraduate level, we focus heavily on community college students and students from marginalized groups (underrepresented minorities, first generation, low income, etc.), because of the huge potential for educational impact. In addition to providing training in state-of-the-art technologies and instrumentation for graduate students and beyond, we emphasize professional development training targeting skills needed both in and out of academia.
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Target 1: The general public is engaged in discovery science through public seminars, outreach activities, and social media.

	Metric
	Status/Problems

	Present at 5 informal science events or national education conferences
	Met

	Communicate the deep biosphere in 3 general audience, non-scientific publications
	Met

	Communicate C-DEBI and related science content to a science-interested public audience through 2-3 weekly social media posts
	Met



Target 2: Hands-on science opportunities are provided to engage K-12 students in microbiology and oceanography.

	Metric
	Status/Problems

	Conduct 3 informal activities and programs for K-12 classrooms
	Met



Target 3: Cutting-edge university research opportunities are provided to undergraduates, especially for community college students and members of underrepresented minorities, attracting early and potentially undecided undergraduate students into STEM majors and strengthening their interest and passion for science and research.

	Metric
	Status/Problems

	Incorporate deep biosphere content into 5 C-DEBI and partner post-secondary programs
	Met

	Assess program effectiveness using formative and summative evaluations with 70% of respondents rating programs as “very good” or “excellent” (4 or 5 out of 5)
	Met

	Follow the pathway of former program participants using long-term tracking with 50% of former community college participants successfully transitioning to 4-year institutions in STEM majors, and 25% of all former undergraduate participants earning a degree in a STEM major and continuing on to graduate school and/or STEM careers
	Met

	Sustain long-term engagement of C-DEBI and STEM opportunities with >75% of former program participants
	Met



Target 4: The next generation of subseafloor researchers (graduate students and postdoctorals) are trained in state-of-the-art laboratories across the country and nurtured through professional development opportunities provided to expand their transferable skills.

	Metric
	Status/Problems

	Support 30-40 individuals from varied institutions through C-DEBI awards (fellowships, exchanges, research and education grants) and in C-DEBI leadership laboratories
	Met

	Develop and conduct 5-8 regular and varied professional development activities for graduate students and postdoctoral researchers
	Met

	Assess professional development workshop effectiveness using formative and summative evaluations with 70% of respondents rating workshops as “very good” or “excellent” (4 or 5 out of 5)
	Not met; the externally administered Project Management workshop was unexpectedly not a good fit for our grads/postdocs

	Follow the pathway of former program participants using long-term tracking with 50% of former graduate student and postdoctoral participants successfully transitioning to postdocs or STEM careers
	Met




6. Plans for the Next Reporting Period

	C-DEBI is committed to the continued development of broad-based, targeted education programs that train and foster the next generation of deep subseafloor biosphere researchers and on a broader scale, engage and retain STEM researchers.  Our future objectives as C-DEBI begins to sunset are to: 1) strengthen partnerships with community colleges by providing cutting edge research to faculty, promoting undergraduate courses and summer research internship programs; 2) expand the website to include summaries of education program success, lessons learned, and evaluations; 3) use networking, existing organizations, social networking tools and local contacts to increase the scope of C-DEBI’s impact; 4) promote calls for community workshops and travel grants to nurture the next generation of innovative scientists, and 5) continue to seek funding from various sources to continue the GGURE program, CC-RISE program, and GEM course.
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1. Overall Data Management and Knowledge Transfer Goals and Objectives

C-DEBI facilitates the exchange of knowledge, expertise, intellectual and physical resources, experimental methods, and application of new technologies within its diverse community and between the STC and the community at large. This commitment is demonstrated through open access of all new discoveries, sensors, samplers, data, methods, and platforms. This access has many avenues including, but not limited to, the distribution of information through teleconferences, our website, workshops, meetings, newsletters, presentations, technical documents, peer-reviewed publications, educational activities, and outreach events. C-DEBI is also committed to mentoring students and scientists of all ages, including the exchange of personnel among laboratories and professional development. 
The overarching objective of Data Management and Integration (DMI) and Knowledge Transfer (KT) is to disseminate C-DEBI scientific discoveries and technical advances both to the scientific community and broader population. As such, our DMI and KT goals include (1) implementing effective mechanisms to facilitate intellectual exchanges between institutions of various types, (2) maintaining worldwide access to C-DEBI data and information, (3) nurturing a new generation of C-DEBI researchers, (4) developing and making available targeted education, public outreach, and community interactions, and (5) promoting economic growth through technology development. Significant accomplishments and focused objectives of Center activities during the period of performance have been the implementation of an effective data portal, a concentrated effort that continues to archive C-DEBI produced data within the construct of BCO-DMO, the development of an internet-based system for distributing laboratory and analytical protocols, and continued development and implementation of a center-wide bioinformatics program.


2. Knowledge Transfer Activities and Organizations

C-DEBI knowledge transfer (KT) occurs on a near-constant basis with numerous organizations, most significantly with those highlighted in External Partnerships Section V. Here, we specifically call out KT activities that occurred during the reporting period and focused on overall Goals 1, 2, and 5 above (implementing effective mechanisms to facilitate intellectual exchanges, maintaining worldwide access to C-DEBI data and information, and economic growth and technical development).  Other forms of KT (e.g., those involving Goals 3 and 4) are covered in other sections of this report, such as classroom lectures, public presentations, the Networked Speaker Series, fellowship and travel grants, professional development (online and in person), workshops, conferences, field trips, GEM, CC-RISE, and GGURE.
One of the most effective tools for transferring knowledge to the scientific community is the publication of peer-reviewed papers. During the reporting period, the C-DEBI community published 56 peer-reviewed journal articles, and IODP preliminary report, and four book chapters. Of the 56 articles, 17 included graduate students, postdoctoral fellows, or both and 10 of the first authors were either graduate students of postdoctoral fellows. Each of these contributions is posted on our web page and introduced to the community in a monthly newsletter that reaches nearly 1000 individuals globally. In addition, during the performance period, 66 reported presentations/posters were given at numerous special sessions and workshops of large national and international meetings hosted by scientific organizations and partners (e.g., AGU, ISME, ASM, ISSM). Other, smaller C-DEBI leadership-hosted workshops and meetings also contributed to knowledge transfer. These meetings included the C-DEBI Annual Meeting (~70 people) that provides opportunities for experienced and new C-DEBI members to report and discuss recent results, and plan for ongoing and future work. Prior to this meeting there was an early career proposal planning workshop attended by ~20 people, mostly postdoctoral fellows. Also, C-DEBI and the work that was funded by C-DEBI were included in more than 9 media bursts. Some of these bursts reached millions of individuals through a network of national and international new agencies and social media feeds. Other media interactions were posted on Facebook and Twitter.
Several new technological advances were made during the reporting period. These advances, which can take multiple years for development and implementation, fall within the categories of platform, software, laboratory developments, and outgrowths of new businesses. New developments include a high-temperature, borehole fluid sampler with a trigger that uses shape memory alloys. This sampler was deployed for IODP Exp. 385T, but was not used because material in Hole 504B could not be removed in the allotted time on station. A second development was a large agar plate (MEGA Analogue for Subsurface Sedimentary In-Vivo Evolution (MASSIVE) Plate) that maintains anoxic conditions to conduct experiments to assess microbial adaptations. Lastly, a non-profit, 501(c)3 corporation (Oceans and Robotics, Inc.) was started to facilitate the Seafloor Science and Remotely Operated Vehicle Camp, which is a week-long STEM summer day camp that has operated for 5 years and was develop in part with funding from C-DEBI. It is anticipated that some of these developments will expand beyond the C-DEBI community.


3. Data Management and Integration Activities and Organizations

The C-DEBI Data Management and Integration (DMI) team is in place to ensure that C-DEBI data and products are archived, shared, and accessible for the long term. The data types and products covered by C-DEBI include a wide variety of geophysical, geological, geochemical, and biological information, in addition to education and outreach materials, technical documents, and samples. The overall DMI goal is to make sure that all data and information generated by C-DEBI-supported researchers as part of their C-DEBI projects are made publically available either following publication or within two years of data generation (see details in our Data Management Plan).  A second goal is to make certain that no C-DEBI researcher is limited by computational resources (e.g., computers or tools).  As part of Phase 2, the DMI team also takes the responsibility to make sure C-DEBI data are integrated in ways to allow larger, more comprehensive analysis.  Finally, we have begun to mandate all future small grant awardees make their protocols available on the protocols.io site.  We have further suggested previous awardees also deposit protocols at the site and have made C-DEBI staff available to help researchers in depositing their protocols.

a. Making Data Publically Available
C-DEBI produces many kinds of products that need long term archiving. These include diverse data sets (biological, chemical, physical, and geological), samples, peer-reviewed publications, technological advances with associated engineering drawings and software, educational/outreach materials (such as K-12 and community college lesson plans relating to subseafloor science), and model parameters (e.g., inputs, grids, reaction rates). Biological products include, but are not limited to, molecular data, activity data (isotope abundance, community enzymatic, etc.), frozen samples, living microbial strains, and post-processed molecular data (e.g., 16S rDNA and 16S rRNA sequences, single-cell genome, metagenome and metatranscriptome sequences). Non-biological data will include multi-beam maps, seismic reflection profiles, and thermal, chemical, and physical data from recovered samples of fluids, sediment, rocks, and experiments. Measurements also will be made in situ using borehole observatories, drilling platforms, cabled observatories, and coring facilities. 
In 2019, we continued our efforts to ensure that all post-embargo data were deposited in appropriate internationally accessible data repositories. The principal repository is the Biological and Chemical Oceanography Data Management Office (BCO-DMO).  The C-DEBI DMI team has worked with BCO-DMO to make this location either the primary host of C-DEBI data or to have them provide stable links to data housed in other repositories (e.g., NCBI, IODPdb, PRIDE, etc.). Products for which a suitable national repository does not exist, such as educational materials, outreach materials, and technical advances, have been posted directly on the C-DEBI main page under the headers 'For Teachers', 'For Everyone', etc. To the extent possible, all such products have also been described in the peer-reviewed literature to ensure public dissemination and long-term accessibility beyond C-DEBI. All C-DEBI intellectual products (publications, technical advances, software, education and outreach materials) are directly linkable by searching the main C-DEBI page. This provides direct electronic access to the data repository, publication, and protocols.  
We have made major progress in our mandate to deposit C-DEBI data in public repositories. There are currently 60 “Projects” currently on the C-DEBI BCO-DMO webpage (https://www.bco-dmo.org/program/554979).  Additionally, several others are queued in the BCO-DMO quality check phase. The majority of the Small Grants programs that ended more than two years ago have deposited their required data in public repositories. 
We have also made progress depositing protocols used into public databases.  In 2019, we continued our effort to encourage C-DEBI researchers to deposit in the C-DEBI group in protocols.io (https://www.protocols.io/groups/center-for-dark-energy-biosphere-investigations).  However voluntary submissions remain low. This will change since for the grants now ending we have made this a mandatory compulsion. 

b. Providing Computational Resources to C-DEBI Researchers 
In 2019, C-DEBI continued to maintain a computing resource to accommodate data analysis on scales too large for laboratory computational resources, but too small (or poorly designed) for high powered computing centers. Currently, there are 21 C-DEBI researchers with access, provided on a rotating basis.  These users are members of the larger C-DEBI community, and include graduate students, postdoctoral researchers and faculty from multiple labs and grants, not just the Co-I’s. The need for this service continues to grow, and we expect continued use in future years.
Beyond basic access to a maintained computer resource, several initiatives have been implemented to make sure C-DEBI researchers are not limited by any step in the bioinformatics process.  One important aspect of this is the training of researchers on available tools.  To this end, we have successfully hosted/co-led 2 beginner bioinformatics workshops and, because the people interested at the beginner level seem to have been reached, we held one intermediate bioinformatics workshop to work with researchers who have data and working experience.  We have also made all the materials for these courses available on protocols.io.

c. Expanding the Impact of C-DEBI Data through External Partnerships and Collaborations 
We continue to collaborate with Drs. DeLong, Hurwitz, and Wood-Charlson to integrate C-DEBI data into their EarthCube Building Block, “Planet Microbe.”  C-DEBI believes collaborations are the soundest way to meet our goals for data discovery, integration, synthesis, and open sharing, and we strive to leverage available infrastructure and to partner with excellent groups like “Planet Microbe.”  We are excited to collaborate at all stages of Planet Microbe, from development and validation to implementation and sustainability.  Co-I Dr. John Heidelberg, Associate Professor of Biology at USC and the C-DEBI Data Management and Integration manager, and Dr. Benjamin Tully, Bioinformatics Specialist for C-DEBI, have committed their expertise and support needed to validate current C-DEBI data. In addition, they will be instrumental in the development of standardized workflows to ensure that future C-DEBI data will also be contributed to and validated in Planet Microbe.  While Planet Microbe has only begun (http://www.hurwitzlab.org/projects/planet-microbe/), we will continue to work with the team to develop meaningful data intermigration sites for C-DEBI data.  


4. Performance with Respect to the Strategic Implementation Plan

Our data management and knowledge transfer goal is to implement effective mechanisms and pathways to facilitate the exchange and application of knowledge, expertise, physical resources, and novel methods and technologies within the STC and between the STC and the broader community.  The overall data management plan is in place to 1) assure all data generated from the STC are deposited in publically accessible data repositories, 2) efficiently allow STC researchers tools and computational resources that allow them to efficiently perform data analysis, and 3) develop and maintain a data portal for visualization and hypothesis generation from the STC data.

Target 1: Innovations are imported/exported/shared and partnerships are developed with other fields, research institutions, industry and government.

	Metric
	Status/Problems 

	Publish and promote scholarly activity via 10 publications
	Met

	Continue to develop research collaborations through networking at 2-3 interdisciplinary meetings and talks/posters/exhibition at 2-3 conferences
	Met

	Lead 3 C-DEBI-focused meetings or special sessions at national or international meetings
	Met

	Enhance, develop, or commercialize 2 tools, analytical capabilities, software products, sensors and platforms
	Met



Target 2: New innovation in the field is communicated through web tools, publications, media, presentations, and educating the next generation of researchers and ocean stewards.

	Metric
	Status/Problems 

	Continue to ensure all data generated through the STC are in stable public data repositories within 2 years of generation (or for graduate students upon defense of the dissertation or thesis)
	Met

	Continue to develop web-based data portal bringing data together from various repositories for synthesis efforts
	Met

	Train researchers in new tools for data analysis by producing 3 webinars on data analysis tools and 2 small workshops for data analysis 
	Met

	Engage 20 new undergraduates to the fields of microbiology and oceanography and mentor 10 graduate students in C-DEBI fields
	Met

	Communicate with the public through non-scientific journals via social and journalistic media (5 significant contributions)
	Met




5. Plans for the Next Reporting Period 

C-DEBI is continuing with its vision for long-term data management and knowledge transfer activities for the next reporting period, consistent with the current practices and those outlined in the renewal proposal and in response to feedback from previous NSF Site Review committee members and NSF personnel. During the final 0.5 years of C-DEBI, the management team has and will continue to focus on synthesis products from high level contributions to regional-, theme-, and program-based summaries. Such products will focus on a range of media outlets from scientific and educational journals to more broad-based community resources (e.g., newspapers, magazines, and social media).
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1. Overall External Partnerships Goals and Objectives

C-DEBI supports cross-disciplinary and cross-institutional partnerships that facilitate, augment, and expand the education, training, and research opportunities of Center participants.


2. Activities Conducted as Part of Partnerships

C-DEBI continues to strongly support long-standing relationships with high-profile external partnerships, and these efforts cover both research and education.  Of particular note on the research side are partnerships with the International Ocean Discovery Program (IODP), University-National Oceanographic Laboratory System (UNOLS), National Deep Submergence Facility (NDSF), Japan Agency for Marine-Earth Science and Technology (JAMSTEC), the Sloan Foundation-funded Deep Carbon Observatory (DCO), Schmidt Ocean Institute (SOI), NASA, Los Alamos National Laboratory (LANL), the Monterey Bay National Marine Sanctuary (MBNMS), the new International Center for Deep Life Investigation (ICDLI), and the recently established International Earth 4D program through the Canadian Institute for Advanced Research (CIFAR).  On the education side, we continue to leverage our partnerships with a variety of institutions (e.g., the USC Wrigley Institute for Environmental Studies) and through training programs (e.g., the International GeoBiology and IODP courses) to foster the next generation of deep subseafloor biosphere researchers.

IODP  
Since its inception, C-DEBI science has been firmly connected to IODP's focus on exploring and documenting the deep biosphere. During Phase 1, C-DEBI scientists led several expeditions (327, 329, 336) and were integral science party members of many others (323, 330, 331, 337, 339, 347, 353). During Phase 2, C-DEBI scientists have been involved in Expeditions 366 and 376. Research continues from those expeditions and in the current reporting year. A major effort in 2019 was IODP Expedition 385 “Guaymas Basin Tectonics and Biosphere”, co-led by C-DEBI Scientist Andreas Teske. This expedition was in the planning stages since Phase 1 and included numerous established as well as early career C-DEBI scientists.  Co-I Orcutt currently serves on the IODP Science Evaluation Panel, and Orcutt and Co-I D’Hondt serve on the newly formed subcommittee of the US Science Support Program for IODP focused on devising a plan for scientific ocean drilling after the current phase ends in 2023. Co-I Wheat serves on the U.S. Science Support Program, which facilitates involvement of the U.S. scientific community in IODP. C-DEBI early career scientist Jessica Labonté serves as the deep biosphere representative on the current US Science Advisory Committee (USAC) for the IODP. D’Hondt is lead proponent of IODP Proposal 929 (Blake Nose Drilling: Effects on Subseafloor Life of a Major Lithologic Unconformity and Past Oceanic Events). This proposal is presently under consideration to schedule for an expedition. C-DEBI Associate Director Huber submitted a preliminary proposal to IODP to drill Axial Seamount, and this effort grew out of a USSSP and C-DEBI sponsored workshop held in 2017. This proposal has been invited to for a full submission and includes many C-DEBI scientists. Lastly, C-DEBI scientist Sylvan will serve as Co-Chief on the upcoming South Atlantic Transect (IODP Exp. 390) and Co-I Wheat will join the expedition as a participant.

UNOLS and NDSF
C-DEBI science relies heavily on the UNOLS fleet of research vessels for expeditions, including the NDSF fleet of remotely operated vehicles (e.g., Jason), autonomous underwater vehicles (e.g., Sentry), and the human occupied vehicle Alvin, particularly for CORK servicing activities and coring expeditions. In the current reporting year, Co-I Orcutt was chief scientist of an ROV Jason cruise on RV Atlantis, returning to the Juan de Fuca Major Program field site to conduct novel in situ experiments to examine microbial activity under energy limitation (cruise report publicly available at the BCO-DMO website: https://www.bco-dmo.org/deployment/779091). C-DEBI scientist Jason Sylvan (former research grant recipient) led two HOV Alvin cruises to the East Pacific Rise in March and December of 2019 that was featured on BBC’s Blue Planet. The goal was to examine microbial community succession on hydrothermal sulfides as they are removed from venting influence. These cruises included numerous post-docs and students from the C-DEBI community. In addition, Co-I Wheat’s laboratory participated in two dive series to Davidson Seamount to investigate low temperature hydrothermal discharge and aggregations of octopuses. 

JAMSTEC
C-DEBI collaborates closely with the Geomicrobiology Group at the JAMSTEC-Kochi Institute for Core Sample Research. Members of C-DEBI and JAMSTEC have also partnered on international expeditions, as well as proposals for new expeditions. Multiple C-DEBI affiliated students have conducted research at the state-of-the-art subsurface life facilities at the Core Sample Research Center in Kochi and Co-I Orphan and JAMSTEC scientist (Yuki Morono) are continuing to collaborate on methods development for imaging subseafloor life in sediments.

DCO 
The Sloan Foundation-funded DCO is sunsetting at the end of 2019. It was organized into four science ‘communities’, including Deep Life co-chaired by Mitch Sogin and Kai-Uwe Hinrichs. The DCO funded scientific networking opportunities (e.g., workshops), instrumentation, infrastructure, and focused research initiatives. Several members of the DCO Executive Committee have strong ties to C-DEBI, including John Baross (former Chair of C-DEBI’s External Advisory Board, EAB), Karen Lloyd (C-DEBI research grant recipient and member of our Ethics Board), and Rob Pockalny (member of the C-DEBI Data Management and Integration team). Several DCO Deep Life Steering Committee members are also involved in C-DEBI activities; these include Doug Bartlett (Chair of C-DEBI’s EAB), Steve D’Hondt and Beth Orcutt (C-DEBI Co-I’s), Rick Colwell and Matt Schrenk (C-DEBI research grant recipients), and Mitch Sogin (former Chair of C-DEBI’s EAB). Further, the DCO Task Force 2020, which is charged with identifying structures and organizations that will keep the DCO legacy alive, includes Orcutt and Karyn Rogers (C-DEBI research grant recipient). Further, Orcutt was the lead editor of an open access book (Cambridge University Press) published this year that highlights deep biosphere science and includes chapters led by C-DEBI scientists Susan Lang, Cara Magnabosco, Karen Lloyd, and Doug LaRowe. Many members of our C-DEBI team, including Jan Amend, Julie Huber, Steve D’Hondt, and Beth Orcutt, attended the final DCO meeting this past October. DCO ends as of December 31, 2019.

SOI 
SOI is a private foundation that serves as an oceanographic operator for the seagoing community by providing ship and vehicle time via community solicited, peer-reviewed proposals.  A number of Co-I’s and other C-DEBI scientists have participated in cruises aboard the SOI research vessel Falkor, and others have work planned for the coming year. For example, Co-I Orphan and several members of her lab sailed to the newly discovered Southern Pescadero Basin hydrothermal vent fields in the Gulf of California in 2018 and explored and sampled a series of mud volcanos and sea mounts along the Costa Rica Margin in 2019. Several C-DEBI members have submitted proposals to SOI for expeditionary proposal selections and new expeditions have been awarded for 2021. In addition, Co-I’s Orcutt, Wheat, Huber, and Fisher were approved in 2019 for two Falkor expeditions to Dorado Outcrop, to explore links between hydrogeology, geochemistry, and biology (subseafloor and seafloor) in 2021 and 2022. Work is underway to secure funding in support of associated scientific studies.  

NASA
The Life Underground node, led by PI Amend at USC, was one of the NASA Astrobiology Institute (NAI) CAN-6 teams (funded with a no-cost extension through June 2019).  The cross-disciplinary team, which included Co-I’s Victoria Orphan and Beth Orcutt, used field, laboratory, and modeling approaches to detect and characterize microbial life in the subsurface—predominantly, but not exclusively, in the continental subsurface. C-DEBI and NAI also shared other key personnel, jointly developed down-hole biomass detection capabilities using deep UV microscopy, modeled microbial metabolic potential in marine sediments globally, used electrode cultivation techniques to enrich for microbes from North Pond, and coordinated several education and outreach efforts. As an example of a C-DEBI/NAI partnership, Elizabeth Trembath-Reichert, a former C-DEBI-funded graduate student in Co-I Orphan’s lab, completed her NAI postodoctoral fellowship working with Julie Huber and Jan Amend on microbial activity in North Pond crustal fluids and began her tenure track faculty job in late 2019 at Arizona State University. In addition, PI Amend is an investigator on a funded NASA PSTAR project called In-situ Vent Analysis Divebot for Exobiology Research (InVADER) that is using in-situ observation, real-time data gathering, and sample collection and analysis to study a deep-sea hydrothermal vent system at Axial Seamount. Further, Co-I Huber is part of a different NASA PSTAR project termed Systematic Underwater Biogeochemical Science and Exploration Analog (SUBSEA) that conducted a real telerobotic expedition to Loihi Seamount to understand the habitability potential of Ocean Worlds in our Solar System. Former C-DEBI graduate student fellow Amy Smith (now a postdoc with Julie Huber) and current C-DEBI Postdoctoral Fellow Sarah Hu participated in the research cruise, while Huber ran operations from the Inner Space Center at University of Rhode Island. This project also included access to infrastructure enabled through in-kind support from the NOAA Office of Ocean Exploration and Research and the Ocean Exploration Trust. Co-I Orcutt received a NASA Exobiology grant in 2019 to enable additional analyses of the Juan de Fuca observatory samples collected as part of her NSF-funded cruise. Finally, Co-I’s Huber and Fisher are part of a new NASA project termed Exploring Ocean Worlds (ExOW) that will address a central question in astrobiology research today: "On which ocean worlds, and using which measurements, do we have the highest probability of finding life beyond Earth within the next human generation?" This project is led out of WHOI.



LANL
	C-DEBI (through the UCSC Hydrogeology group) continues to collaborate with researchers in the Earth and Environmental Sciences Group at LANL, to develop complex simulations of seafloor hydrothermal circulation. Co-I Fisher and members of his group (Weathers and Price) visited with LANL colleagues in June 2019, to continue work on three modeling projects. Weathers is advancing solute transport simulations to extract quantitative information from the first cross-hole tracer transport experiment in the ocean crust (Juan de Fuca Flank). Price is simulating hydrothermal processes in the volcanic crust beneath the North Pond study site, and Fisher has completed simulations of fluid and heat flow through Dorado Outcrop. All of these studies should be written up in 2020, and work is expected to continue on the North Pond project as part of Price’s Ph.D. thesis. 

MBNMS
	Chad King and others at the Monterey Bay National Marine Sanctuary discovered a large aggregation of octopuses and hydrothermal discharge on a basaltic outcrop at the base of Davidson Seamount. Co-I Wheat’s laboratory has been working with MBNMS to define the composition of discharging fluid in relations to breeding octopuses. In 2019 two OsmoSamplers and several temperature recorders were deployed. Each of these systems is expected to be retrieved in early 2020, with dives to be directed by MBNMS or the Monterey Bay Aquarium Research Institute.

ICDLI
The new International Center for Deep Life Investigation (ICDLI) held its inaugural symposium in Shanghai, China in late 2018, with many C-DEBI participants attending the meeting and giving invited lectures. Co-Is Amend, Orcutt, and D’Hondt joined ICDLI’s Advisory Board and continue to serve in that capacity.

CIFAR Earth 4D
	The new CIFAR-supported ‘EARTH 4D’ program is an international research group focused on 3 broad interdisciplinary themes of life, water, and space, with specific interests in the feedbacks and co-evolution between deep microbial life and the physical and chemical environment over time. C-DEBI Co-I Orphan is one of the funded fellows, and C-DEBI PI Amend is on the external advisory board; the program had its inaugural meeting in Toronto this past November. 

Education  
The interdisciplinary nature of C-DEBI research lends itself magnificently to a diverse array of external education partnerships as well. One of our primary education goals is to train the next generation of deep subseafloor biosphere researchers, and to do so, we partner with one of the top training courses for graduate students and postdoctoral scholars, the Agouron Institute-funded International GeoBiology summer course.  In 2019, this course was again co-directed by Co-I Victoria Orphan and featured a Bioinformatics workshop by C-DEBI Bioinformatics Specialist Ben Tully and several C-DEBI members as guest lecturers. Just as C-DEBI and the International GeoBiology course share key personnel (administrative and instructional), so do C-DEBI and the USC Wrigley Institute. This facilitates our training of undergraduates through programs such as the Global Environmental Microbiology course (based heavily on the successful GeoBiology program) and an ROV education program at the Institute’s marine lab on Catalina Island. This year, we also supported postdoc Jesse Colangelo-Lillis and graduate student Megan Mullis in IODP-hosted training programs to better integrate our early career researchers with IODP, specifically through the IODP ECORD Core Flow Training Course and the ECORD Subduction Zone Processes Summer School Course, which covered shipboard logistics through proposal writing.  To further provide opportunities for community college students, we also began a partnership with a NSF SAGE/2YC (Supporting and Advancing Geoscience Education at Two-Year Colleges) network of local community college and four-year institution faculty to provide educational resources and facilitate tours of the Wrigley research station for students. 


3. Performance with Respect to the Strategic Implementation Plan

Our overarching goal is to engage and support cross-disciplinary and cross-institutional partnerships that facilitate, augment and expand the education, training and research opportunities of Center participants. Partnerships among individuals, institutes, organizations, and programs are the core of C-DEBI research and educational efforts. One of the strengths of these partnerships is the quality and broad appeal of publications. C-DEBI has a range of cross-disciplinary and cross-institutional collaborations that have transformed our view of subsurface microbial conditions, activity, and mechanisms within the hydrologic and geochemical context of fluid flow within the oceanic crust. Another strength of C-DEBI partnerships is the web of interaction of the C-DEBI community within other organizations and programs and the joint efforts of these organization and programs in collaboration with C-DEBI to promote and facilitate synergetic research objectives. These partners also extend to education and diversity efforts, leading to a community of junior scientists that are engaged in cross-disciplinary and cross-institutional training activities and exchanges.

Target 1: Strong cross-disciplinary research projects and strong cross-institutional programs are demonstrated in all aspects of Center activities, including publications, presentations, proposals, educational exchanges, and educational programs.

	Metric
	Status/Problems 

	Publish 5 (in aggregate) cross-disciplinary papers per each of the three research themes with support from calls for small research and travel grants to facilitate the interaction of dispersed Center researchers
	Met

	Submit 2 cross-disciplinary and cross-institutional proposals
	Met

	Support 2 interdisciplinary workshops or meetings in concert with other national programs 
	Met

	Fund 10 graduate students, postdoctoral fellows and C-DEBI community scientists in their pursuit of generating data or developing cross-discipline techniques and tools to further Center objectives
	Met

	Provide the funds that allow 3 student/researchers the opportunity to participate in research expeditions or travel to another institution to expand the scope of their education/research in the use of novel techniques and tools
	Met





Target 2: Partnerships are developed with other fields, research organizations, industry, government, and foundations.

	Metric
	Status/Problems 

	Build 10 (total) partnerships by networking at interdisciplinary meetings, developing industrial and governmental partners, and targeting partnerships and interactions for new applications of existing or budding technologies
	Met

	Develop documents and materials that highlight significant results through C-DEBI research, education, and diversity programs suited to specific organizations, foundations, and programs to form the basis of a dialogue between C-DEBI and that organization to further fiscal and research needs
	Pending




4. Plans for the Next Reporting Period 

C-DEBI has had long-standing partnerships with most of these external partners—others have come on board more recently—and the close collaborations are likely to continue at similar levels of commitment for the foreseeable future.
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1. Overall Diversity Goals and Objectives

C-DEBI seeks to train a new, diverse generation of K-12, undergraduate, graduate and postdoctoral researchers within an integrated and collaborative multidisciplinary community. We are committed to improving access and support for members of underrepresented and marginalized groups to be able to succeed in STEM fields. It should be noted, however, that the activities intended to enhance diversity do not happen in a vacuum—they are purposefully integrated with C-DEBI’s fundamental research, education, and outreach missions. Through its academic programs, C-DEBI promotes inclusion and retention among underrepresented groups, including women and first-generation college students. With a strong base established to increase STEM diversity at all levels, both academically and nationally, we have developed and are exporting distinctive, in-depth education and research experiences that encourage historically underserved students. These initiatives will be targeted toward three primary sectors: 1) pre-college; 2) undergraduate and community college populations; and 3) early-career and established scientists.
Our specific targets are to: a) increase the diversity of C-DEBI participants to reflect the diversity of the United States; b) emphasize diversity awareness with the active C-DEBI community through an in-person diversity and inclusion training workshop at every other C-DEBI annual meeting, and among individual student cohorts of each C-DEBI summer education program; and c) promote C-DEBI research opportunities to diverse audiences through several different partners that primarily serve underrepresented groups.




2. Programs and Activities Which Enhance Diversity at the Center

C-DEBI continues to build on program successes of the past years by evaluating distinct programs targeting underrepresented minorities, women, and first generation and low-income students: CC-RISE (see Education section), the Global Environmental Microbiology (GEM) course, and the Genomics and Geobiology Undergraduate Research Experience (GGURE). These programs enrich the scientific skills of students through a combination of field-based research with professional development activities.  We continue to have success in recruiting a diverse group of participants for each of these programs. We advertise widely for all except the USC-based GGURE which, through word-of-mouth via participants and mentors/PIs, already receives more interest than we can support. We leverage our existing contact lists (applicants and participants of each of our programs, writers of recommendation letters, etc.) by sending information to them about other C-DEBI programs for which we think they are qualified or would know someone who is qualified. For example, although we no longer support the Young Researchers Program (YRP, a summer internship at USC for local high schoolers) due to the overall budget decline in the final years of C-DEBI, we recruited Ph.D. student mentors for the YRP by advertising to the mentors/PIs of GGURE students.  In addition to utilizing our undergraduate list, we advertise undergraduate opportunities through the SACNAS opportunity board, and the Institute for Broadening Participation Pathways to Science, among other partners. Similarly, to recruit participants at higher levels, we advertise graduate student openings and postdoctoral positions through social media and our listserv, as well as with our partners listed above.

	Program
	Number of Participants
	Diversity Objective
	Measurement of Outcomes

	Community College Research Internship for Scientific Engagement (CC-RISE)
	4 
(56 in 7 years)
	Summer research internship for community college students at WHOI (previously also at UCSC and USC)
	External evaluation, Longitudinal tracking

	Genomics and Geology Undergraduate Research Experience (GGURE) 
	20
(212 positions from Fall 2014 to present)
	Academic year and summer research internship program for underrepresented undergraduate students at USC
	External evaluation, Longitudinal tracking




	Global Environmental Microbiology (GEM) Summer Course
	16 
(142 in 9 years)
	Hands-on experience for 2- and 4-year undergraduate students in environmental microbiology
	External evaluation,
Retrospective survey,
Longitudinal tracking



This year, we have again successfully incorporated diversity discussions into our primary undergraduate courses. From the GEM post-survey report, we learned that “Students valued the program’s focus on diversity and inclusion,” and felt “GEM was very respectful of a variety of kinds of diversity.” The CC-RISE WHOI post-survey report indicated that “Students felt the program provides an environment that is respectful of diversity and inclusion.” And in the 2018-2019 GGURE academic year post-survey report, the program received the highest marks for diversity and inclusion with all students rating the program a perfect “10” on this dimension.
A number of activities are designed to build and maintain a community and to keep participants active in STEM. To keep in touch with participants and share STEM opportunities, we run an email listserv for undergraduates and one for graduate students and postdoctoral researchers as well as invite everyone to sign up for our email newsletter and engage with us through our social media accounts. To strengthen the C-DEBI network, we create connections between participants in different programs as well as bring back alumni to engage with current students. For example, when the YRP high school students visited the USC Wrigley Institute on Catalina for the weekend, our GEM undergraduates discussed with them their college experiences and having a STEM major. We also hosted C-DEBI PhD student, Hans Sebastian, to be our featured speaker at a GGURE meeting. We also recognize the importance of sending our undergraduates to conferences. While our NSF C4 REU ended in 2018, we remain in contact with our C4 alums and provide resources for their academic paths, with one former C4 student participating in the ASLO Multicultural Program and attending the ASLO meeting in Puerto Rico in February.
We continue to work toward increasing underrepresented minorities in C-DEBI by promoting deep subsurface research through Minority Professional Organizations and national networks. This year, we disseminated program and graduate training opportunities with partners such as the Institute for Broadening Participation (IBP), Society for Advancing Chicanos and Native Americans in Science (SACNAS), American Indian Science and Engineering Society (AISES), National Science Teachers Association (NSTA), and the broader STC Education and Diversity network. In addition, we attended SACNAS USC Chapter meetings and Intertribal Education Collaboration (ITEC) meetings to share opportunities and resources directly with students and their mentors. To connect with community college faculty and students, we attended the annual SAGE/2YC (Supporting and Advancing Geoscience Education at Two-Year Colleges) workshop for faculty of 2- and 4-year institutions to specifically facilitate collaboration between faculty through opportunities with the USC Wrigley Marine Science Center on Catalina Island.
	We also continue to leverage our diversity initiatives through the diversity infrastructure at USC.  For example, we maintain our connection with Dr. Kimberly Freeman, hired in 2018 as the Chief Diversity Officer for the USC Dornsife College, to discuss future networking and funding possibilities. This year, Dr. Freeman invited C-DEBI to present our suite of undergraduate programs as successful examples of diversity programs at the USC Provost’s Diversity and Inclusion Retreat where our programs were showcased by the Dornsife College alongside the prominent outreach programs of other USC colleges such as the Viterbi School of Engineering and the Marshall School of Business.  In 2020, the ITEC College Exploration Day will be held at USC: a one day program of college-focused workshops (e.g., on financial aid, scholarships, how to apply to college, what college is like, and an opportunity to ask questions of a panel of professors) to increase awareness of opportunities in higher education to Native American students and their families. We will coordinate with SACNAS USC and USC SeaGrant among many other organizations at USC to help host the 2020 event. 

Of the 155 participants active in C-DEBI this year, 40 are faculty and research scientists, 47 are postdoctoral researchers and graduate students, and 51 are undergraduate students indicating the breadth of participation across career stage. Participant gender distribution (Table 1) is nearly balanced with women representing ~57% and men ~43%.
Ethnicity (Hispanic/Latinx or not) and race (White, Native Hawaiian or other Pacific Islander, Asian, Black or African American, American Indian or Alaska Native, multiracial) were reported by 88% of participants (Table 2). Out of all individuals, about 13% identified as Hispanic/Latinx. Regarding race, ~65% of participants identified as White, ~12% Asian, ~6% Black or African American, 1.3% American Indian or Alaska Native, and 4.5% multiracial. Multiracial individuals identified various combinations of White, Asian, Black or African American, and/or American Indian or Alaska native.
Of all participants, 125 (80.6%) identified as U.S. Citizens, 7 (4.5%) identified as Permanent Residents, 14 (9%) identified as other non-U.S. Citizens, and 9 (5.8%) did not provide citizenship information. One individual (0.7%) identified one or more disabilities, 144 individuals (92.9%) reported none, and 10 individuals (6.5%) did not provide disability information.



	Table 1. Gender Distribution of C-DEBI Participants (Total Number)
	Women
(Percent)
	Men (Percent)

	Faculty (35)
	49
	51

	Other Research Scientist (5)
	20
	80

	Postdoctoral (25)
	60
	40

	Graduate Student (22)
	62
	38

	Undergraduate (51)
	65
	35

	Teacher / Educator (3)
	33
	67

	Other Participant (9; e.g., pre-college, evaluator, lab managers, etc.)
	44
	56

	Staff (5)
	80
	20

	Total (155)
	57
	43


All individuals reported gender.

	Table 2. Racial and Ethnic Distribution of C-DEBI Participants 
(Total Number)
	White (Percent)
	Native Hawaiian or Other Pacific Islander
(Percent)
	Asian (Percent)
	Black or African American (Percent)
	American Indian or Alaska Native (Percent)
	Multi-racial (Percent)
	Race Not Provided (Percent)
	Hispanic/ Latinx* (Percent)

	Faculty (35)
	85.7
	0
	5.7
	0
	0
	2.9
	5.7
	0

	Research Scientist (5)
	100
	0
	0
	0
	0
	0
	0
	0

	Postdoctoral (25)
	60.0
	0
	16.0
	0
	8.0
	4.0
	12.0
	20.0

	Graduate Student (22)
	72.7
	0
	9.1
	4.5
	0
	4.5
	9.1
	0

	Undergraduate (51)
	49.0
	0
	13.7
	15.7
	0
	7.8
	13.7
	27.5

	Teacher / Educator (3)
	33.3
	0
	0
	0
	0
	0
	66.7
	0

	Other Participant (9)
	66.7
	0
	11.1
	0
	0
	0
	22.2
	0

	Staff (5)
	60.0
	0
	40.0
	0
	0
	0
	0
	20.0

	Total (155)
	65.2**
	0
	11.6**
	5.8**
	1.3**
	4.5
	11.6
	12.9*


*Individuals can identify as Hispanic/Latinx, regardless of race
**Indicates races identified by multiracial individuals

Comparing the 2019 C-DEBI community (who reported) to the July 1, 2018 U.S. Census population (figure below; race is separate from the concept of Hispanic origin in the U.S. Census), we have broadly captured the racial/ethnic diversity of society through our active participants, and continue to strive towards that distribution across all career levels of our participants.

  U.S. CENSUS
18.3% Hispanic/Latinx
C-DEBI
12.9% Hispanic/Latinx
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Diversity, in the broadest sense and at all levels, is an active goal for C-DEBI—and always has been. We remind the reader that in the natural sciences (vs. the social sciences), women remain vastly underrepresented, and C-DEBI has a strong record of appointing women to leadership positions, selecting women in our grants and fellowship program, and featuring women in numerous public forums. We also note that improving diversity at ‘higher levels’ is only possible when existing positions become vacant or new positions are created. At C-DEBI, diversity was considered in the few vacant and new positions, and of the 13 current leadership positions at C-DEBI (consisting of the Directorship, Co-Investigators, Data Management, Knowledge Transfer, and Senior Scientists) nearly half are filled by women, including the Associate Director (Huber) and Managing Director (Sylvan). Lastly, we want to reiterate that our approach to building ‘diversity in leadership’ has always been to train the next generation of leaders. Note that to date, over 60 C-DEBI-funded graduate students and postdoctoral scholars, over 40 of whom are women and 10 of whom are from underrepresented minorities, have transitioned (or are in the process of transitioning) to permanent career appointments with opportunities for leadership in their chosen professions. Those women and underrepresented minorities include a Nature editor, a number of research scientists, and over 40 faculty members at universities in the USA and elsewhere.


3. Performance with Respect to the Strategic Implementation Plan

Target 1: The diversity, especially underrepresented minority representation, of participants in all levels of C-DEBI from undergraduate, graduate students, and postdoctoral scholars to participating researchers and staff, has increased in recent years to more appropriately reflect our diverse society.

	Metric
	Status/Problems 

	Increase the diversity of C-DEBI participants to reflect the diversity of the United States
	Met

	Emphasize diversity awareness with the active C-DEBI community through 1 in-person diversity and inclusion training workshop at every other C-DEBI annual meeting, and among individual student cohorts of each C-DEBI summer education program
	Met

	Promote C-DEBI research opportunities to diverse audiences through 4 different partners that primarily serve underrepresented groups
	Met



Target 2: Pathways to careers in STEM fields are developed for minority undergraduate students who are interested in STEM majors.

	Metric
	Status/Problems 

	Conduct 3-5 programs attracting underrepresented students into STEM fields
	Met

	Assess program effectiveness using formative and summative evaluations with 70% of respondents rating programs as “very good” or “excellent” (4 or 5 out of 5)
	Met

	Follow the pathway of former program participants using long-term tracking with 50% of former community college participants successfully transitioning to 4-year institutions in STEM majors, and 25% of all former undergraduate participants earning a degree in a STEM major and continuing on to graduate school and/or STEM careers
	Met

	Sustain long-term engagement with >75% of former undergraduate program participants with C-DEBI and STEM opportunities
	Met



Target 3: Partnerships are initiated with other organizations, institutions, programs, or informal science centers that target underrepresented students and engage them in STEM fields of study.

	Metric
	Status/Problems 

	Introduce C-DEBI science with appropriate resources and training to 10 institutions and/or educators that primarily serve underrepresented groups
	Met




4. Plans for the Next Reporting Period

Our future goals are to: 1) actively encourage undergraduates to progress to graduate school in areas of deep subsurface research by promoting summer research or intensive programs being led at C-DEBI networked institutions; 2) continue to leverage support services and potential connections, organizations and institutional resources within partnering universities to promote diversity; 3) actively promote all opportunities throughout the Center to underrepresented groups and recruit at all levels of Center activity; 4) inform and encourage the C-DEBI community to participate in conferences and outreach that engages them with underrepresented students to promote recruitment into C-DEBI fields; 5) continue to document and codify components of the GGURE program such as ‘Demystifying graduate school’ and ‘Applying to Graduate School’ to create a more robust resource website for students who cannot attend meetings or are not directly in the GGURE program; and 6) continue to reconnect with and track past C-DEBI participants to see how their C-DEBI experiences influenced their career paths.
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VII. MANAGEMENT


1. Overall Organizational Strategy

	Our management plan facilitates the achievement of the principal scientific, education, and diversity goals of C-DEBI. C-DEBI management is composed of these major leadership groups: Directorship; Executive Committee; Administration; Research; Knowledge Transfer, Data Management and Integration; and Education, Outreach, and Diversity. The major advisory groups for C-DEBI are the External Advisory Board; Ethics Panel; External Evaluator; and the Education & Outreach Steering Committee. We maintain a simple hierarchy in the management structure (rectangles below) with several advisory groups (ovals below) to encourage communication and collaboration, as well as provide transparency in decision-making.  Their roles and interactions are described below and further detailed in our Operations Manual.
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Directorship  
The Center is led by the Director, PI Jan Amend (USC), the Associate Director, Julie Huber (WHOI), and the Managing Director, Rosalynn Sylvan.  The Director is responsible for overall C-DEBI coordination and performance. He provides leadership in C-DEBI scientific, education, diversity, outreach, and administrative activities; he represents C-DEBI in interactions with USC administration and funding agencies; and he promotes the Center worldwide. 
The Associate Director is the ‘right hand’ of the Director; she assumes all responsibilities and powers of the Director should he, for any reason, be unable to carry out his duties. Together with the Managing Director, she coordinates the grants program and communicates with grant recipients about outcomes, products, and dissemination of results.
The Managing Director manages fiscal matters and grants administration and oversees the administrative staff.  

Executive Committee
The Executive Committee (ExCom) manages, supports and leads the direction of the Center’s science initiatives.  ExCom also provides guidance to integrate research, education, and data across the Center. ExCom coordinates with the Senior Scientists (see Research management section below) on C-DEBI research directions. 
ExCom consists of six permanent members and two rotating members.  The permanent members are Director and PI Jan Amend (USC), Associate Director and co-PI Julie Huber (WHOI), co-PI Steven D’Hondt (URI), co-PI Andrew Fisher (UCSC), co-PI C. Geoffrey Wheat (U Alaska-Fairbanks), and Data Management Director and Senior Scientist John Heidelberg (USC). The rotating members consist of Senior Scientists (see Research management section below) added to complement the research expertise on ExCom and serving 15-month terms. Beth Orcutt (Bigelow), Victoria Orphan (Caltech) and Alfred Spormann (Stanford) served as rotators for part or all of 2019.  Prior to her resignation in the fall of 2019, Education Director Stephanie Schroeder (USC) also served on ExCom.
ExCom maintains communication via biweekly videoconference meetings, two annual face-to-face meetings, and ad hoc meetings at selected C-DEBI, national and international meetings, with participation by the Managing Director and as needed by members of the Administration; Research; Knowledge Transfer, Data Management and Integration; and Education, Outreach and Diversity Teams.  

Administration
The administrative staff, led by Managing Director Rosalynn Sylvan, is based at USC, where they manage the Center’s day-to-day activities. They link to C-DEBI activities at the partner institutions and communicate with all participants worldwide.  The Managing Director manages fiscal matters and grants administration and oversees the administrative staff. The Managing Director attends the biweekly ExCom videoconference meeting and any other face-to-face ExCom meetings as the administrative liaison.  Since 2015, the Managing Director has been operating remotely at Texas A&M University as a Visiting Scholar at the International Ocean Discovery Program (IODP) with regular email and telecommunications in addition to the biweekly administrative and ExCom meetings via videoconferencing. 
The Data Manager, Matthew Janicak, is responsible for supporting the database infrastructure (see Data Management and Integration below) and development and maintenance of the website and other community communications.  The Administrative Assistant, Nerissa Rivera-Laux, implements day-to-day activities of the Center and is responsible for meeting coordination. 

Research
C-DEBI research is organized in three cross-cutting themes: Fluxes, Connectivity, and Energy (Theme 1); Activities, Communities, and Ecosystems (Theme 2); and Metabolism, Survival, and Adaptation (Theme 3). They are led by the PI Amend; co-PIs D’Hondt, Fisher, Huber, and Wheat; and Senior Scientists Finkel, Heidelberg, Orphan (California Institute of Technology), Orcutt, and Spormann. 

Knowledge Transfer, Data Management and Integration 
Knowledge Transfer (KT) is central to all of C-DEBI’s research, education, and outreach programs, and hence, it is the responsibility of all our senior personnel.  As KT Director, Wheat coordinates and tracks the various knowledge transfer activities, with a special focus on dissemination of scientific and technical knowledge, increasing public awareness of the subseafloor biosphere, and promoting development and application of novel technologies through commercialization and entrepreneurial use of C-DEBI products. 
The Data Management and Integration (DMI) team has the primary objective to make C-DEBI data and products accessible to the world. The products include C-DEBI publications, data generated by C-DEBI projects, documentation of technological advances, and products for education and outreach. Heidelberg leads the DMI effort, with support from personnel at USC (Data Manager Matthew Janicak and Bioinformatics Specialist Benjamin Tully) and URI (Data Portal Lead Robert Pockalny). The DMI Director is also responsible for ensuring that C-DEBI participants have access to the Center’s computational resources and/or bioinformatics expertise, as well as making certain C-DEBI generated data are properly deposited in public archives and databases, including future EarthCube initiatives. 

Education, Outreach, and Diversity Administration
The Education, Outreach, and Diversity (EOD) team is based at USC and develops, implements, and coordinates EOD programs and activities. The Education Director Stephanie Schroeder provided oversight, leadership, and commitment to the integration of C-DEBI research with our EOD efforts at all levels until her resignation in the fall of 2019.  Subsequently, Diversity Director Gwen Noda assumed oversight of C-DEBI’s EOD and reports to the Managing Director.  As planned, some of the Center’s EOD programs ended in 2018 and 2019, and into C-DEBI’s final year, the remaining EOD programs will be managed by Gwen Noda as Education and Diversity Director.
The Education and Diversity Director specifically leads the professional development and mentoring efforts for undergraduate and graduate students, postdoctoral scholars, and K-12 teachers; leads programs to entrain members of underrepresented groups into STEM fields with a special focus on microbiology, geochemistry, and oceanography; and expands the reach of C-DEBI through social media communication. The Administrative Assistant, Nerissa Rivera-Laux, also supports the administrative activities of the EOD programs.

External Advisory Board 
The External Advisory Board (EAB) provides an annual assessment of the science, education, mentoring, management, and functioning of C-DEBI to the Directorship. The current five-member committee includes Chair Doug Bartlett (Scripps), Vicki Ferrini (LDEO), Jon Kaye (Moore Foundation), Rina Roy (American River College), and Judy Wall (University of Missouri). The EAB met with the C-DEBI leadership at the 2019 C-DEBI Annual Meeting to discuss future research and education directions, and reports their recommendations to the directorship confidentially.

Ethics Panel
The Ethics Panel advises ExCom on any issue pertaining to ethics, including concerns regarding administration, funding, and scientific conduct.  This Panel handles all C-DEBI ethics complaints and convenes (electronically or in person) on an ‘as needed’ basis or on request of ExCom.  The panel also makes recommendations to ExCom with respect to ethics training programs for C-DEBI members.  The Ethics Panel consists of Chair Karen Lloyd (Associate Professor at U Tennessee), Frederick Colwell (Professor at Oregon State), Andrew Fisher (ExCom), Sharon Cooper (Education Officer of the IODP US Science Support Program at Lamont-Doherty Earth Observatory), and William Orsi (Assistant Professor at LMU Munich), representing several groups within C-DEBI. To date, the committee has not received any ethics complaints.  
In addition, we continue to emphasize a comprehensive ethics policy for C-DEBI participants based on existing models starting with NSF and integrating with specific IODP and other institution policies. This sets forth a community standard to minimize and resolve conflicts effectively. The online ethics training is mandatory for all C-DEBI participants and completion by deadline is enforced.  See more at our Ethics Policies webpage.

External Evaluator 
The External Evaluator, Beth Rabin, assesses and evaluates the effectiveness of C-DEBI management, research, and education, outreach, and diversity programs and provides thorough, rigorous, independent, and results-based assessments to ExCom. 

Education & Outreach Steering Committee
The Education & Outreach Steering Committee serves in an advisory role to the EOD administration.  The committee consists of current or previous STC Education and Diversity Directors Sharnnia Artis (UC Irvine), Vanessa Green (Oregon Health & Science U), and Elisa Maldonado (U San Diego).  


2. Management and Communications Systems

C-DEBI is a geographically distributed center, with members and participants around the world. Our Center and its participants have ample experience in long-distance collaboration and communication. There are biweekly administrative and ExCom meetings via videoconferencing, a biweekly newsletter (sent to nearly 1000 e-mail addresses), an active social media presence, and regular updates to our website. C-DEBI’s annual meeting includes leadership and advisory groups, graduate and postdoctoral fellows, and invited guests. We also organize several targeted workshops annually and encourage members (especially postdoctoral scholars and early career scientists) to organize sessions at national and international meetings. Coordination of these communication activities is under the purview of the Administrative team.  
C-DEBI’s social media platforms include Facebook (cdebi, ccrise, CdebiGlobalEnvironmentalMicrobiologyCourse), Twitter (@deepbiosphere), YouTube, and LinkedIn. Education and Diversity Director Noda manages the Center’s social media presence amplifying Center news, opportunities, resources, and more to stay engaged with our deep sea scientific community as well as engage members of the science-interested public. Social media also serves as an outlet to share related science news, opportunities, and professional development from organizations such as DCO, IODP, Schmidt Ocean, MBARI, and the NSF/NSF Geosciences as well as articles on diversity in STEM/academia, work/life balance, resume writing, applying for graduate school, and more.
The C-DEBI website plays several important roles in Center communications. As the website is often the first point of contact, numerous cosmetic and performance enhancements have been implemented to improve user experience and first impressions. The website also serves as the definitive source for Center goals, policies and programs. As a principal source of community news and activities, the website lists time-sensitive items on the front page and archives them for search. Lastly, the website is intended to serve as a working resource for active research and education participants, and we have improved the website’s search interface and metadata to crosslink subawards, participants, publications and other outputs. For dataset entities, we have adopted BCO-DMO’s ontology-focused metadata system and will continue to improve data access and synthesis by leveraging external resources such as iMicrobe, protocols.io, and other partners in the EarthCube community. Future development of the website post NSF-funding is under discussion, and will likely focus on decreasing the cost of maintenance, encouraging ongoing engagement and summarizing Center accomplishments.


3. Performance with Respect to the Strategic Implementation Plan

Our leadership and management goals are to envision and enable the Center’s mission through inclusive and transparent decision-making; inspire Center members; and facilitate collaborative effort and guide all participants in the Center via a cross-disciplinary and multi-institutional ethics program to instruct them on ethical and responsible conduct of scientific research.  A fundamental challenge for C-DEBI leadership is to maintain trust and support among a diverse and interdisciplinary community of scientists, educators, and technologists. Maintaining confidence in STC leadership, throughout the existence of the Center, is essential if busy STC participants are to retain a willingness to allocate some of their limited time for advisory, review, and collaborative activities. STC leaders will also need to assure that there are robust opportunities for inter-institutional and cross-disciplinary exchanges and training, and help to secure external resources in support of ongoing and future STC activities. In addition, the Center will maintain a rigorous ethics training system for all C-DEBI participants and an Ethics Panel overseeing policies and procedures. Finally, STC leadership needs to remain focused on the critical goal that motivated formation of C-DEBI in the first place: creating a vibrant, innovative, and focused community, who will work together to achieve what cannot be accomplished by individuals working alone, to transform the nature of deep biosphere research.

Target 1: The decision-making process is defined, transparent and effective leading to a high degree of confidence, ownership, and engagement by STC participants in the Center.

	Metric
	Status/Problems

	Hold biweekly administration meetings as well as biweekly ExCom meetings and an annual ExCom face-to-face retreat to enable clear and effective management of the Center
	Met

	Invite the evaluation of Center research, education, diversity, and knowledge transfer management by the External Advisory Board (typically in conjunction with the C-DEBI annual meeting) for feedback and suggestions to the Director to improve the integration of C-DEBI programs and activities
	Met

	Update the C-DEBI Operations Manual to elucidate the functions of key individuals and groups and main research, education, outreach, and administration activities, programs, operations and procedures and post on the website with the Annual Report and Strategic Implementation Plan
	Met



Target 2: Communication is effective in facilitating the exchange of science, education of students, and promotion of other C-DEBI activities and opportunities.

	Metric
	Status/Problems 

	Regularly update the comprehensive website at www.darkenergybiosphere.org with research and education portals and resources
	Met

	Distribute biweekly newsletters to the C-DEBI community to highlight recent and upcoming C-DEBI research and education programs and events and other relevant/partner activities and opportunities
	Met

	Continue to improve the private login site for internal documents and community reporting
	Met

	Solicit 3 nominations for the next season of the videoconferenced Networked Speaker seminar series to present early career scientist research to the C-DEBI community
	Pending

	Maintain protocol/procedure for issuance and usage of C-DEBI contributed publication numbers and of logo and branding information
	Met



Target 3: STC participants are engaged in cross-Center training and collaboration.

	Metric
	Status/Problems

	Organize 5-7 C-DEBI-specific opportunities for collaboration and training and entrain new membership (e.g., Center-wide Annual Meetings, Research Workshops, and Exchange Grants)
	Met

	Support 4-6 research and professional development opportunities specifically for graduate students and postdoctorals (e.g., workshops at Annual Meetings, professional development webinars, and fellowships and networking activities in Research and Education sections above)
	Met





Target 4: Community commitment to an environment promoting high ethical standards in the conduct of research is maintained.

	Metric
	Status/Problems

	Require 100% of participants complete ethics training within these standards
	Met

	Ethics Panel composed of Research, Education, ExCom and Early Career representatives resolves complaints regarding C-DEBI administration, funding and scientific conduct in a timely manner (within 6 months of being presented to C-DEBI)
	Met



Target 5: Strategies, tools, and resources are developed for sustainability of C-DEBI activities.

	Metric
	Status/Problems

	Secure $3M in aggregate (beyond initial STC funding) in support of C-DEBI activities
	Met
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VIII. CENTER-WIDE OUTPUTS AND ISSUES


1. Center Publications

In the current reporting period, the C-DEBI community produced 62 publications, including 57 peer-reviewed journal articles (). Details in the appendix include graduate and postdoctoral authors, contributing C-DEBI funding, expedition, site, habitat and theme association.


2. Conference Presentations

Center participants reported 78 oral or poster presentations at venues including the 2019 Goldschmidt Conference, AGU Fall Meeting, and over a dozen international meetings ().


3. Honors, Awards and Grants

C-DEBI participants reported receiving 21 (with another 4 pending) honors, awards and grants during the reporting year related to their C-DEBI funding (). Members of the C-DEBI leadership received several high-profile honors this year, including the reception of an AAAS Fellowship (Co-I Fisher), the AGU-JpGU Taira Prize for Scientific Ocean Drilling Research (Co-I Orcutt) and election to President of the ASM (Co-I Finkel).




4. Placement of Graduated Students and Postdoctorals

Twenty-two C-DEBI undergraduates, graduate students, postdoctoral scholars, early-career scientists and educators obtained degrees or placement during the current reporting year (). C-DEBI funding contributing to the degrees or placement is identified.


5. Outputs of Knowledge Transfer Activities

The C-DEBI community developed four technologies in the current year including a laboratory technique, hardware and software. See  for details. See also Education Section III and Data Management & Knowledge Transfer Section IV.


6. All Participants

Of the 155 individuals reported as being involved with Center activities, 103 are classified as “participants” (per NSF: individuals who have spent over 160 hours on Center activities), while 52 are “affiliates,” reported spending under 160 hours. Affiliates are included where they were reported as personnel on a C-DEBI grant or other budgeted item, attended a C-DEBI event, or have a titular role in the Center. Sources of Center support and reported event attendance are included per participant to provide further differentiation of engagement level. See  for details.


7. Institutional Partners

C-DEBI has identified 60 participating institutions categorized per NSF reporting requirements. “Partner Types” are determined based on the activities of affiliated participants as follows:

Graduate student: education, research
Postdoctoral or researcher: research
Outreach or professional development: education
Program targets diverse groups: diversity, education
Participant worked on new tools, software, methods or products: knowledge transfer
Participant plays an advisory or managerial role in the Center: all types

Whether the institution has “participated” less or more than 160 hours is likewise determined by its affiliated participants. See  for details. See also External Partnerships Section V.


8. Summary Table for Internal NSF Reporting Purposes

	Number of participating institutions (all academic institutions that participate in activities at the Center)
	44

	Number of institutional partners (total number of non-academic participants, including industry, states, and other federal agencies, at the Center)
	16

	Total leveraged support (funding for the Center from all sources other than NSF-STC)
	$276,600

	Number of participants excluding affiliates (total number of people who utilize center facilities; not just persons directly supported by NSF)
	103




9. Media Publicity

Twenty media publicity items (e.g., press releases, news articles, audio and video programming) have been reported from a wide variety of outlets including TED Talks, the LA Times, The Guardian, Bill Nye’s podcast and NBC News (). Additionally, C-DEBI has an active presence on Facebook (857 page follows) and Twitter (1,632 followers), and produces a bi-weekly newsletter (971 subscribers).


10. Distributable Media

Our current brochure provides an overview of the deep biosphere, C-DEBI research programs and themes, C-DEBI education and outreach programs, and how to get involved.
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IX. INDIRECT/OTHER IMPACTS


1. International Activities and Other Outputs, Impacts, or Influences

[bookmark: _GoBack]C-DEBI regularly and consistently engages the international community in the many of its activities, with individual and institutional partnerships as described throughout this report.  Of particular note are research expeditions, where multi-national participation is common and often mandated (e.g., IODP), and C-DEBI-led conference sessions and workshops, where scientists from Germany, Japan, China, Great Britain, France, and other countries are commonly invited.  Several C-DEBI Co-I’s serve in leadership roles (e.g., science panels, steering committees, advisory boards) for international programs, including the IODP, the Sloan Foundation-funded DCO, and the Chinese research center ICDLI.  All other outputs, impacts, or influences related to C-DEBI’s progress and achievement in 2019 have been captured in other sections of this report.
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X. BUDGET


1. Current Award Year and Unobligated Funds

[image: Macintosh HD:Users:Rosalynn:Dropbox:C-DEBI ADMIN:NSF REPORTING:Year 10_190401-200331:report:budget:current year:2019pie.png]

The Center’s current award year budget (4/1/19 – 3/31/20) is $3,700,000 with 40% supporting the research of the lead investigators including the Co-Is (PI, Co-PIs and Senior Scientists; see figure above). Indirect costs at USC consist of 20% of the budget.  The remaining 40% of the budget serves the greater C-DEBI community with support for education and diversity programs, community meetings and activities, data management, and the general administrative operations based at USC.  Community meetings and activities include the C-DEBI Annual Meeting and community proposed workshops.  Administrative support includes salary and fringe benefits for the USC staff, work study students, travel and other operating costs.  Education and diversity and data management staff are included in their respective categories.
As of November 30, 2019, we have expensed 83% of the total award of $3,700,000 for the current award year ().  These expenditures of $3,101,447 consist of expenses posted in the USC ledger as of 11/30/19, however do not include liens/obligations (e.g., subcontracts) and known pending expenses (e.g., USC salaries). The discrepancy between what has been expensed (and reported to NSF by USC Sponsored Projects Accounting) and what is reported in  is the inclusion of our committed expenses.  For example, a large portion of our budget is in our small research grants and fellowships which are awarded as 1-2 year subcontracts or satellite accounts, and we report as committed expenses of ~$80K per award.  However, the expenses reported by USC's SPA only include the individual invoices paid by USC which are incrementally billed/paid up to the entire award of ~$80K over the 1-2 year award period.  What we report above carefully accounts for these types of commitments that may not be completely billed and paid for some period of time. See  for a statement of our accounts in the USC Financial Accounting System.


2. Requested Award Year

In the current award year, NSF funding for the STC scaled back substantially, and a number of changes at C-DEBI occurred in the phase down (see figure below).  2018 represented the last round of the Research Grants and Fellowships programs; we now focus on synthesis activities and continue to support community workshops. We have also eliminated a number of our Education, Outreach, and Diversity programs, but we are developing plans for sustaining some of these with outside support.  In the final 6 months of C-DEBI consisting of the next award period (4/1/20 – 9/30/20), NSF funding for the STC scales back further (see figure below and ).  As we approach the end of NSF funding, we will continue to change operations to emphasize synthesis products and strategize ways to maintain C-DEBI and our community in its next phase.

[image: Macintosh HD:Users:Rosalynn:Dropbox:C-DEBI ADMIN:NSF REPORTING:Year 9_180401-190331:report:budget-R working:requested year:phasedown.pdf]


3. Center Support from All Sources

In addition to NSF core funds, the Center received $276,600 directly from USC in the form of institutional returns on indirect costs this year, and will receive $82,729 in the requested award year (see table below).  In the current award year, the USC Institutional Support funded additional Center activities including GEM Summer Course instructors (an additional 0.5 month of summer salary each), and additional C-DEBI community meetings and activities which will continue in the requested award year.  Remaining funds are used at the Director’s discretion to support important Center projects and to position C-DEBI closer to future success.  See details of non-monetary institutional commitment in Appendix K.

	Center Support
	Current Award Year
	Requested Award Year

	NSF-STC Core Funds
	$3,700,000
	$1,300,000

	USC Institutional Support
	$276,600
	$82,729

	TOTAL
	$3,976,600
	$1,382,729




4. Additional Investigator Support From All Sources

Additional levels of support not included above have been awarded to Center investigators from federal and state agencies, universities, and private foundations and organizations (see table below).

	Additional Support
	Current Award Year
	Requested Award Year

	NSF
	$1,028,329
	$376,719

	Other Federal Agencies 
(NASA, USDA)
	$1,543,223
	$826,322

	State Government
	$184,353
	$30,859

	University
	$207,522
	$51,023

	Private Foundations and Organizations (DCO/Sloan, Simons, Moore, etc.)
	$997,702
	$297,208

	TOTAL
	$3,961,130
	$1,582,131
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