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ADMINISTRATION

1) Contract Activity 
None to report.

2) Risks and Impacts 
Contract negotiations and subsequent delays in the execution of the prime agreement meant 
that hiring, research, and sub-agreements were also delayed. While every effort has been 
made to expedite activities, the first extension granted by the GoMRI Research Board was 
not sufficient to recover entirely from these delays. In addition, several research cruises were 
cancelled due to weather and could not be rescheduled prior to the end of the grant period 
due to ship availability and seasonal restrictions. In order to meet the proposed research 
objectives, additional time is required for the cancelled research cruises to take place as well 
as the subsequent analysis and publication of findings. Delays were also encountered because 
personnel hiring took longer than anticipated which slowed some of the laboratory and 
numerical work needed for the timely completion of the scheduled deliverables. Corrective 
action:  Deep-C will request a time extension from Ocean Leadership to revise the contract 
expiration date from May 18, 2015 to December 31, 2015.  This will allow sufficient time for 
the completion of the original scope of work.

RESEARCH

1) General progress update
a. Accomplishments 
Deep-C added 19 peer-reviewed publications (accepted or published) during the second 
quarter of the year; students were the lead author on two (Gros, J.J., et al, 2014; Röhrs, J., 
et al, 2014).  To date, GoMRI has funded 76 Deep-C peer reviewed articles (accepted or 
published; see activities matrix for complete list); 27 include at least one student co-author.  

Deep-C scientists presented 30 posters or oral presentations at conferences and seminars 
during the second quarter.  We had a particularly strong presence at the May 2014 
International Oil Spill Conference in Savannah, GA and the June 2014 ASMS Conference 
on Mass Spectrometry and Allied Topics in Baltimore, MA. Other scientific conferences 
attended by Deep-C colleagues during the second quarter of year 3 include the: First Annual 
Southeastern Biogeochemistry Symposium (Atlanta, GA), the Florida Marine Science 
Educators Association Annual Conference (Miami, FL), the International Conference on 
Petroleum Phase Behavior and Fouling (Galveston, TX), the International Symposium on 
High Performance Liquid Phase Separations and Related Techniques (New Orleans, LA), 
the Goldschmidt Conference (Sacramento, CA), the Conference on Hurricanes and Tropical 
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Meteorology (San Diego, CA), and the 11th European Fourier Transform Mass Spectrometry 
Conference (Paris, France).  

Deep-C has fully implemented GoMRI’s policy requiring that all datasets are to be publicly 
available no later than one year following collection. The Deep-C Data Center continues 
to work closely with GRIIDC to expedite data registration and online access. As of June 
30, Deep-C had registered 103 datasets and completed metadata records on all but 12 
(temporarily restricted until PI approval has been received or the 12-month hold period 
expires).  The Data Center is working to link each of the Deep-C funded publications to their 
respective registered datasets. As of June 30, 23 of Deep-C’s GoMRI-funded publications 
had been linked to datasets online (13 of the publications do not use any Deep-C funded 
data).

Sharing the world of scientific discovery through education and outreach (E&O) continues 
to be a key component of Deep-C’s mission. This quarter marked the end of the 2013-
14 school year and the start of a busy summer, which provided numerous opportunities to 
visit classrooms (via the Deep-C “Scientists in the Schools” program), summer camps and 
workshops geared toward K-12 students. Twelve undergraduate/graduate students actively 
participated in the Deep-C internship program during the reporting period, and mentorship 
of all students involved in Deep-C research continues to be a priority.  This quarter, plans 
for a Deep-C Student Research Symposium were initiated.  The Symposium, to be held in 
mid-September, will focus on research conducted by graduate and undergraduate students, 
and the intent is to provide students with a professional meeting experience in which they 
give talks or present posters and get feedback from their peers as well as questions/comments 
from senior Deep-C scientists.  Two graduate students, Johannes Rohrs (Met.no) and Bryan 
Davis (UWF), defended their theses this quarter – both related to Deep-C research. A second 

Project GOO (Gulf Oil Observers) partnership 
developed and came to fruition in April, and a new 
partnership with the Boys and Girls Club was 
initiated. Deep-C was well-represented at the Florida 
Marine Educators Association Conference: O&E 
coordinator Amelia Vaughan participated in a STEM 
panel discussion sharing experiences with Deep-C’s 
ROV and Project GOO initiatives; Dr. Wade Jeffrey 
(UWF) was an invited speaker; and Dr. Felicia 
Coleman (FSU and Deep-C’s scientific director) was 
the conference’s keynote speaker. Another notable 
E&O highlight was the Second Annual Deep-C ROV 
competition, hosted by Dauphin Island Sea Lab April 
25-27.  Student teams from Florida and Alabama 
tested their homemade robotic creations.  The purpose 
of these competitions is to excite and prepare students 
for majors and careers as scientists, technologists, 
engineers and mathematicians in order to meet the 
growing demands of the 21st century
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Task-specific research accomplishments this quarter include:

Task 1: Geomorphology and Habitat Classification
● A seafloor mapping cruise 

was conducted on board 
the R/V Weatherbird II 
(June 19-29). Data 
acquisition included 
interferometric sidescan 
sonar (USF), water 
sampling (VSU and FSU), 
and shipboard data 
acquisition systems (CTD, 
EK60, ADCP, MET) and 
12 piston cores.

● A species never before 
recorded in the Gulf of 
Mexico (Navilithus 
altivelum) was identified 
as well as niche parameters for specie assemblages observed. Navilithus altivelum is a 
rare deep photic species recorded only once in literature by Jeremy Young 
from samples he took off the coast of Java in the Indian Ocean. It was a surprise 
coming across it in our samples from a 2013 R/V Bellows cruise at stations P7 and 
C7. This find is interesting because it brings to light how rare and diverse some of 
these oligotrophic species are.  An article is scheduled to be published in the Journal 
of Nannoplankton Research on its niche parameters here in the Gulf and the fact that 
this is the first recorded observation of the Navilithus altivelum species in the Western 
hemisphere. 

● An FSU scientist and students participated in a 25-day cruise on R/V Walton Smith 
beginning June 23. They were investigating possible injury to mesophotic coral on 
the Pinnacle Reefs offshore Mississippi and Alabama.

Task 2: Physical Transport of Particulate and Dissolved Material from the Deep 
Ocean to the Coast
● A NOAA WP-3D flight was conducted to test to new reworked airborne ocean 

velocity and temperature profilers (AXCPs) on 27 May 2014 over the Gulf of 
Mexico. Nine of the 10 deployed produced good velocity profiles. Thus, the success 
rate of the AXCPs has been restored to the 85-95% success category. 

● Conducted pool tests of the new Deep-C bottom drifter under development for 
shallow shelf and canyon work.

● iSpheres and homemade shallow drifters were deployed to investigate the difference 
in their behavior and the effect of Stokes drift at the very surface of the ocean. All 
drifters were unfortunately picked very quickly by boaters and fishermen so the 
resulting dataset is very limited (just a few hours).

● Researchers undertook an investigation, in collaboration with Joe Kuehl from the 
GISR consortium and Alexis Lugo Fernandez of BOEM, to understand unexplained 
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15-day oscillations within the De Soto Canyon via wavelet transformation 
calculations.

● Quality assurance/control (QA/QC) measures were initiated and observational data 
obtained by Deep-C studies and other GoMRI consortia via moorings and floats were 
entered into the Leidos database. Integration of the various data sources in order to 
place moored observations in the context of wider eastern Gulf circulations. A video 
showing observed surface circulation was generated from satellite derived sea-surface 
height, surface and deep drifters, and velocities from moorings, in order to visualize 
the time and spatial evolution of eddies in the eastern Gulf.

Task 3: Geochemistry, hydrocarbon chemistry, and isotope tracing
● A full array of multi-core stations were sampled on the June Weatherbird II cruise. 
● Measurement of Hg stable isotopic 

ratios in Tilefish muscle and liver 
was completed. Fish sampled close 
to the well head (47-68km) 
displayed significantly lower Hg 
species concentration in their 
tissues, and Hg isotopic 
composition indicated that different 
processes affected the Hg cycle and 
its accumulation and distribution in 
the fish tissues compared to fish 
caught >109km from the well head. 
Lower bioaccumulation rates of 
MMHg in muscle and both 
inorganic Hg and MMHg in the 
liver for fish living close to the well 
head indicate a possible 
modification of Hg bioavailability 
at the basis of the food chain or a 
different trophic level. Further 
measurement of carbon and 
nitrogen stable isotopes will help 
answer that question. In addition, it 
is possible that a lower feeding rate and reduced metabolic and physical conditions 
caused by the oil spill (Incardona et al, 2014, PNAS; Mager et al, 2014, ES&T) 
affected Hg metabolization and distribution in fish organs, as reflected by differences 
between liver and muscle at the different sampling stations along a well-head distance 
gradient. Measurement of MMHg and IHg concentrations in core sections of 
sediment sampled near to the Deepwater Horizon oil spill (2 mm sections (from 0 to 
100mm depth) were analyzed from two sediment cores sampled in 2012 and 2013). 
Inorganic Hg concentrations in the sediment are constant in marine sediments (40-60 
ng/g). A peak of MMHg concentration (and MMHg fraction) is observed at the top of 
the sediment cores (2-30mm depth; see figure). This section is post Deepwater 
Horizon event when mass accumulation rates were up to 10 times higher than normal, 
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due to the spill. This shows that the 
Deepwater Horizon spill clearly 
affected the Hg-cycle. Further Hg 
isotope ratio analysis on sediment 
sections will help to determine a 
possible isotope fingerprint of the 
oil spill.

● A field experiment addressing 
oxygen consumption and carbon 
dioxide production in unsaturated 
beach sediment was conducted at 
Pensacola Beach.  We started 
second laboratory column reactor 
experiment addressing oxygen 
consumption and carbon dioxide 
production in unsaturated 
Pensacola Beach sediment with oil 
contamination

● A research team characterized 
oxygenated species in weathered 
Macondo oil (Energy & Fuels 
2014, 28, 4043-4050). This analysis 
combined electrospray and 
atmospheric pressure photoionization FT-ICR mass spectrometry and time-of-flight 
mass spectrometry along with two-dimensional GCxGC analysis of anion-exchange 
chromatographic fractions to demonstrate the presence of O1-O8 ketones. Prior MS 
analysis showed only that oxygen-containing species were present, but not their 
functional form (e.g., alcohol/ketone/carboxylate/etc.).  Detected and Identified nickel 
and vanadyl petroporphyrins in petroleum from oil seeps (Energy & Fuels 2014, 28, 
2454-2464) — prior methods required chemical purification to detect porphyrins.

● Members of the Reddy Lab collected samples from the March 22 Kirby oil spill in 
Texas City during two sampling efforts (April 29-May 1 and June 25-26). Completed 
analysis of 185 of these samples. Manuscript preparation is underway.   Collected 
105 oil samples along the northern coast of the Gulf of Mexico as part of a long-term 
monitoring program (June 23-25).

Task 4: The Ecological Pathways
● Because growth and metabolism of microbes is nutrient-limited in an oil-

contaminated marine environment, oil-degrading bacteria that fix nitrogen may 
have an ecological advantage.  The most abundant nitrogen-fixing organism in oiled 
Pensacola Beach sand, determined by phylogenetic analysis of nifH sequences, was 
Ideonella dechloratans, a hydrocarbon degrading bacterium.  This suggests that oil 
contamination may select for bacteria that can both fix nitrogen and degrade oil.  
Experiments to determine the effect of corexit-dispersed oil (Corexit EC9500A® 
and Macondo crude oil) on the biodegradation potential of oil-degrading bacterial 
isolates, Acinetobacter and Alcanivorax, involved growing isolates on either crude 
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oil alone or a crude oil-Corexit mixtures.  Results revealed that corexit had no 
significant effect on biodegradation by Acinetobacter, but reduced biodegradation 
potential of Alcanivorax by 20%.  Conversely, acute toxicity tests conducted on 
the marine rotifer Brachionus manhavacas revealed that Acinetobacter-inoculated 
dispersed oil had significantly higher toxicity than uninoculated controls, whereas 
Alcanivorax-inoculated dispersed oil had slightly reduced toxicity compared to 
uninoculated controls. Overall, this suggests that if Alcanivorax preferentially 
degrades components of corexit over oil, it would explain the decreased toxicity and 
consequent reduction in oil-degradation potential.  

● Analysis of the nearly 75 million rRNA gene sequences of benthic microorganisms 
in deep sea sediments collected thus far reveal that community structure in replicate 
cores from a single multicore cast are similar within the top 1 cm, decreasing in 
similarity with depth.  Community differences among different casts at the same sites 
are as great as those found among sites across the entire northern Gulf, suggesting 
that adequate representation of microbial community diversity is only obtained by 
making multiple casts per site, considering casts, rather than cores, as replicates. 

● To date, a total of 5,442 georeferenced specimens (145 sp from nine Deep-C cruises) 
have been added to the Deep-C database, with all temperature and depth logger 
profiles. In development is a sample-tracking key that allows tracking all samples 
(e.g., whole specimens or subsamples of tissues, organs) distributed from the 
collection to researchers around the globe who are working on different aspects of the 
life history and biology of these organisms. The key includes the person or institution 
receiving the sample, the date, the type of sample, and the intended use of the sample 
(e.g., type of analysis conducted). All persons receiving samples are expected to 
acknowledge Deep-C and GOMRI in subsequent publications and provide, at no 
charge, copies of the published papers. We anticipate adding the sample-tracking 
key to the Deep-C database in the coming months. In addition, Deep-C has started 
cataloguing and digitizing Deep-C voucher specimens using Specify 6 (http://
specifyx.specifysoftware.org/), an open source relational database that eventually 
will provide embedded georeferencing with the Tulane University’s GEOLocate 
service (http://www.museum.tulane.edu/geolocate/). While this is a work in progress, 
the intent is to develop a complete database, using the University of Kansas as a 
model (http://biodiversity.ku.edu/ichthyology/collections/collections-fish-voucher-
search) and connecting to the Florida Museum of Natural History (FMNH)  (http://
www.flmnh.ufl.edu/index.php/collections/overview/), to the Florida State University 
Herbarium (http://www.herbarium.bio.fsu.edu/), where relevant, and to the broadly 
available iDigBio website (https://www.idigbio.org/), which would allow global 
access to the collection to researchers needing access to voucher specimens.

● Virtually all shark samples (the previous focus of analyses) and many of the hake 
and tilefish collected in 2012-2013 and the first quarter of 2014 have been analyzed 
for biomarkers of exposure to PAHs.  This provides us with the first, long-term 
examination of biomarker trends in abundant teleosts.  For example, an evaluation 
of biliary PAH metabolite levels in tilefish (N=74) collected between 12 to 42 
months after the oil spill revealed that  pyrogenic PAH metabolites declined over 
time, suggesting recovery.  A similar analysis of hake (N = 207) collected during the 
same time period revealed no temporal trend, but did reveal a spatial trend in which 
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pyrogenic PAH metabolite levels were negatively correlated with distance from the 
site of the oil spill.

● The ecological model group has independently developed an R package that allows 
the extraction of data from globally available datasets on such critical biological 
traits as trophic level, life history, ecology, and species interactions (e.g., predator-
prey, mutualistic, competitive, and parasitic interactions), all of which are needed for 
the development of the Deep-C Atlantis models.  By joining the ropensci network 
(https://github.com/ropensci/rglobi), Deep-C will be highlighted as having developed 
this package and making it broadly available to the ecosystem model (e.g., Atlantis, 
Ecosim etc) communities. 
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Task 5: The Earth System Model
● A web-based interface for the Gulf 

of Mexico coupled Earth System 
Model forecasts was implemented 
using the Deep-C Map Viewer tool.  
The forecast system is being 
transitioned to near-real-time mode.

● The method of Polynomial Chaos for 
uncertainty quantification (UQ) was 
applied to an integral oil plume 
model simulating the DWH spill. 
Four input variables were assumed 
uncertain and perturbed (the 
background density profile, the 
entrainment coefficients, the flow 
rate, and the gas to oil ratio) and the 
ensuing uncertainty was propagated through the model to estimate their impacts on 
the trap height uncertainty and droplet size distribution uncertainties. The probability 
density function for the trap height exhibited a maximum that coincided with the trap 
height inferred from fluorescence intensity measurements.  We are now 
experimenting with a different methodology of UQ based on Gaussian Processes.

● Progress on the WFCOM hindcast simulations includes analysis of three-dimensional 
Lagrangian pathways, assimilation of HF-radar, and assimilation of glider 
observations (paper now in press in Ocean Modeling).  Data from the WFCOM 
hindcasts were moved to a publicly-accessible THREDDS server.  

● Analysis was concluded for a master’s thesis focusing on characterizing upwelling 
events in the De Soto Canyon region using a multi-decadal Gulf of Mexico HYCOM 
simulation. Upwelling events are characterized in terms of time scales, depths, 
and amplitudes. Two possible mechanisms generating upwelling events in the De 
Soto Region are being analyzed: (1) the passage of synoptic fronts, and (2) oceanic 
mesoscale features in the Eastern Gulf of Mexico.

● New techniques for comparing modeled river plumes to satellite optical data were 
developed employing a modified Hausdorff distance metric.  This metric is being 
used to evaluate multiple models, including the northern Gulf HYCOM, the NRL 
Gulf of Mexico HYCOM, and the DeSoto Canyon ROMS. This validation is being 
done in conjunction with studies of the three-dimensional Mississippi River plume 
structure using models and observations in the Northern Gulf (Sailbuoy data and ship 
tracks).

b. Obstacles 
● A GRIIDC procedure is needed for registering datasets that will change dynamically 

(e.g., day to day). Deep-C will be producing operational earth-systems forecast 
products that will change with time. Corrective measures: The Deep-C data manager 
will bring this issue up for discussion during the July 1 GRIIDC teleconference. 
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c. Collaboration 
Several new efforts were initiated with individuals/entities outside of Deep-C, including 
collaborations with:
● Ken Sulak (USGS) and Peter Etnoyer (NOAA)  on a joint effort investigating the 

frequency of injury possibly resulting from the DWH oil that reached the outer shelf 
hardbottom habitat offshore Mississippi and Alabama.

● Joseph Kuehl (GISR, Texas A&M/Baylor University) to identify potential areas 
for collaboration on which each consortium will work conjointly via the different and 
complementary datasets.  Both Deep-C and GISR have mooring data, plus SailBuoy 
data, drift cards trajectories and Stokes Drift calculations via NODC buoys. Future 
collaborative investigations to include:
o Upwellings in the GoM (via Sailbuoy and NODC datasets)
o Drift cards and Stokes Drift
o Bottom Boundary layer on salt domes. Designs for a cheap deep current meter  

(improvement on the SeaHorse Tilt Meter).
o Vertical velocity measurements via ADCP.
o Coherent flows within the De Soto Canyon.

● Kyla Drushka (Scripps-University of Washington) on review of the 2013 SailBuoy 
experiment dataset.  Also investigating the possibility of Scripps helping finance 
sensors for a 2015 SailBuoy experiment.

● Robert Leben (Colorado Center for Astrodynamics Research, University of 
Colorado) to assess the uncertainty of Loop Current metrics using our multi-decadal 
simulation with the HYCOM model and altimeter observations. 

● Jose Feliz (FGCU faculty), including hosting an undergraduate NOAA intern at the 
UM-RSMAS

● Tony Wood (Director of the National Oil spill Response School, Texas A&M 
University, Corpus Christi) to facilitate collection of additional oil samples 
from beaches impacted by the Kirby spill. WHOI researchers trained Texas A&M 
undergraduate student (Kimmie Gorka) in oil sample collection protocol during the 
second sampling trip on April 29, 2014.
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