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INTRODUCTION 
When a coastal ecosystem is damaged 
by oil, the system can recover gradu-
ally over time without intervention, 
although the new state of the ecosystem 
may not be equal to that before the dam-
age. Generally, mitigation efforts that are 
undertaken to minimize the amount of 
oil reaching the coast include oil collec-
tion by skimmers, burning of the oil at 
sea, and the application of dispersants to 
reduce the oil to smaller droplets, thereby 
increasing oil surface area and allow-
ing natural processes to more fully and 
quickly interact with the oil. When oil 
reaches the shore and causes damage to 
the coastal ecosystem, restoration efforts 
are often used to speed the recovery of 
the ecosystem. Mitigation efforts follow-
ing the Deepwater Horizon (DWH) oil 
spill included those listed above as well as 
release of freshwater from the Mississippi 
River to hopefully keep the oil offshore, 
and even the building of berms to protect 
coastal areas. Restoration efforts included 
mechanically sifting the oil from beaches, 
cleaning marine animals, and eventu-
ally planting new marsh grasses to speed 
recovery. This article considers the pros-
pects for environmental recovery based 
on what we know from previous oil spills 

and from the data on the coastal ecosys-
tem of the Gulf of Mexico collected since 
the DWH oil spill. 

LESSONS LEARNED FROM 
EARLIER SPILLS
The Ixtoc 1 oil blowout in the southern 
Gulf of Mexico in June 1979 had many 
similarities to the DWH oil spill. It was 
a well blowout that released massive 
amounts of crude oil (>3.4 million bar-
rels) into a tropical marine environment; 
the well leaked for over nine months and 
reached all the way into Texas waters. Soto 
et al. (2014) reviewed the environmental 
legacy of the Ixtoc 1 blowout. Like DWH, 
the impacts of the Ixtoc 1 spill were ini-
tially mitigated by physical and chemical 
processes and the region’s local hydrolog-
ical and biological conditions. However, 
even today, Ixtoc 1 oil residues are mea-
surable, especially in the sediments and 
on shore, and some scientists suggest 
that the collapse of important commer-
cial shrimp species stocks are attributable 
to the spill, though there is disagreement 
about this. Soto et  al. (2014) note that 
the lack of adequate pre-spill informa-
tion precluded a robust assessment of the 
Ixtoc 1 spill’s damage to the ecosystem. 
Intense research was conducted while 

the oil flowed; however, when Ixtoc 1 oil 
stopped flowing, many research efforts 
funded by US agencies ceased. As a result, 
the total extent of environmental dam-
age from the Ixtoc 1 oil spill is not fully 
understood, while the official position of 
the Mexican federal agencies is that no 
environmental damage was caused by the 
Ixtoc 1 blowout (Soto et al., 2014). 

Before DWH, the largest oil spill in 
US waters came from the Exxon Valdez 
tanker accident in March 1989, where 
257,000 barrels of North Slope crude 
oil was released into the cold, pristine 
waters of Prince William Sound, Alaska. 
The oil eventually affected 2,100 km of 
coastline, of which 320 km were heav-
ily oiled. During the response, the car-
casses of more than 35,000 birds and 
1,000 sea otters were found, the her-
ring fishery eventually collapsed, and 
two pods of killer whales have yet to 
recover. Mitigation techniques ranged 
from booms to keep the oil out of rivers 
and away from shorelines where salmon 
spawned to hot water cleaning of rocky 
beaches. The hot water made for great 
television, but it was eventually aban-
doned when it was realized that small 
coastal organisms were killed by the hot 
water. In the long term, fauna associated 
with hot water cleaned beaches recov-
ered more slowly than those associated 
with beaches that were either left alone or 
treated by spraying nutrients on the rocky 
beach (Houghton, 1991). Peterson et al. 
(2003) concluded that because of per-
sistence of oil in the ecosystem, the long-
term population impacts are likely more 
important than the acute species mortal-
ity immediately following the spill. Even 
today, small amounts of oil can be found 
under rocks on the beaches of Prince 
William Sound (Nixon and Michel, 
2018), and some species have not fully 
recovered. Esler et  al. (2018) examined 
timelines for wildlife population recov-
ery and found that for some species, the 
oil effects that persisted for decades had 
a large influence on population dynam-
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ics. These chronic effects may have been 
more harmful than the acute toxic effects 
of the oil itself. Unlike for Ixtoc 1, a leg-
acy of post-Exxon Valdez research is 
available, as long-term research fund-
ing was made available through federal 
agencies and the Exxon Valdez Oil Spill 
Trustee Council; the most recent effort is 
the Gulf Watch Alaska Program initiated 
in 2012 with a 20-year lifetime (Aderhold 
et  al., 2018). Another outcome of the 
Exxon Valdez accident was passage of the 
Oil Pollution Act of 1990 that established 
how response to future oil spills would 
be managed and required the respon-
sible parties to pay for the cleanup and 
restoration efforts. 
 
DEEPWATER HORIZON IMPACTS
Detailed examination of impacts on var-
ious components of northern Gulf of 
Mexico habitats is beyond the scope of 
this paper. However, the following sec-
tions include a brief review of the status 
of several of the more prominent hab-
itats and species impacted by the DWH 
oil spill, including wetlands and mortal-
ity of fish larvae, invertebrates, sea tur-
tles, and cetaceans. (Please see other arti-
cles in this issue for further information.) 
In addition, we present a more detailed 
review of impacts on wetland fisheries 
and oyster restoration.

In accordance with the Oil Pollution 
Act of 1990 (OPA), an assessment of dam-
age to the environment was conducted by 
scientists from NOAA and their contrac-
tors as part of the OPA-required National 
Resource Damage Assessment (NRDA; 
DHNRDAT, 2016). 

In general, coastal habitats were 
fairly well buffered from the impact of 
the DWH oil spill, except for those of 
Louisiana. Much of that impact is doc-
umented elsewhere in this issue, but 
in general, NRDA-identified damages 
that relate to the coastal zone include 
the following.

The DWH oil spill resulted in the oil-
ing of 2,113 km of coastline (Nixon 
et al., 2016), including 763 km of coastal 
marsh shoreline with 135 km heavily 

oiled, mainly in Louisiana (Michel, et al., 
2013). Many acres of wetlands were dam-
aged, and depending on the degree of oil-
ing, it was estimated that marsh recovery 
would take from two to four years for 
intensely treated areas and eight years for 
those that were untreated (Michel and 
Rutherford, 2014; DHNRDAT, 2016). 
Some residual oil is still found in the 
Louisiana coastal sediment. Based on 
the degradation rates from oil spilled in 
Prince William Sound, continued deg-
radation will be extremely slow, and oil 
will continue to surface through erosion 
for the next decade or more (Lindeberg 
et  al., 2018). From previous stud-
ies, we also learned that marsh resto-
ration can be enhanced by the planting 
of Spartina in salt marshes and Juncus 
in the freshwater marshes (Bergen et al., 
2000; Mendelssohn et  al., 2012). Some 
efforts to restore marshes are necessary, 
as Zengel et  al. (2015) show that in the 
Louisiana marsh areas not treated after 
DWH, most ecological parameters had 
not improved two years after the spill. 
It follows that the benthic infauna will 
recover fairly quickly once native vegeta-
tion is restored. 

The number of fish killed was esti-
mated during the NRDA process using 
biological data from NRDA-specific field 
studies, historical collections, NRDA tox-
icity testing studies, and published litera-
ture. Both direct kill and forgone produc-
tion of fish and invertebrates exposed to 
DWH oil in the surface slick and the sub-
surface mixed zone were calculated. The 
exposure resulted in the death of between 
2 trillion and 5 trillion fish larvae and 
between 37 trillion and 68 trillion plank-
tonic invertebrates (DHNRDAT, 2016). 
Of these totals, 0.4–1 billion larval fish 
and 2–6 trillion invertebrates were killed 
in estuarine surface waters. The NRDA 
process also quantified the direct kill of 
fish and invertebrates exposed to DWH 
oil both in the rising cone of oil and in 
the deepwater plumes, as well as fore-
gone production for a critical subset 
of these species. The exposure resulted 
in the death of between 86 million and 

26 billion fish larvae and between 10 mil-
lion and 7 billion planktonic inverte-
brates (DHNRDAT, 2016). 

In general, the fish communities of the 
coastal Gulf of Mexico were found not to 
suffer long-term damage from the DWH 
oil spill (see below). Those communi-
ties have now recovered, and there has so 
far been no evidence of long-term sub-
lethal impacts, showing the resilience of 
coastal fish communities (Patterson et al., 
2015). As with the benthic community, 
once the habitat is restored, the organ-
isms will follow. 

The NRDA Trustees estimated that 
between 4,900 and 7,600 large juvenile 
and adult sea turtles and between 55,000 
and 160,000 small juvenile sea turtles 
were killed by exposure to DWH oil. 
The Trustees also estimated that nearly 
35,000 hatchling sea turtles were injured 
by response activities associated with the 
DWH oil spill. Likely, the most problem-
atic impacts in the coastal zone were to 
higher-level vertebrates. Organisms such 
as birds, turtles, and marine mammals 
were unable to avoid the oil as it spread 
near the shore. Multiple recovery efforts 
were attempted during the spill to clean 
and release contaminated birds and tur-
tles. Unfortunately, that was not possi-
ble with marine mammals. Mortalities 
of dolphins and turtles were documented 
during and immediately following the 
spill. Dolphin data collection funded 
during NRDA and continued by the Gulf 
of Mexico Research Initiative (GoMRI) 
documented dolphin fetal mortal-
ity, respiratory stress, and challenged 
immune responses. A variety of inno-
vative studies conducted between 2010 
and 2015 under the NRDA process doc-
umented that marine mammals experi-
enced severe negative effects such as lung 
disease, reduced reproduction, and ele-
vated death rates (see Barratclough et al., 
2019). Unfortunately, restoration is not 
possible for this group of organisms, and 
it will simply take a long time for recov-
ery to work through the system due to 
low reproductive success after the oil spill 
(Lane et al., 2015).
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ESTUARINE FISHERIES
The 2010 DWH oiling disaster challenged 
the integrity and long-term future of the 
Gulf of Mexico ecosystem at unprece-
dented scales. It led to immediate, but 
temporary, shutdown of fisheries har-
vesting and prompted serious concerns 
that there might be catastrophic injury 
to Gulf fishes and fisheries. However, 
nekton sampling at multiple, paired 
oiled and unoiled sites during 2012–
2013 in Barataria and Terrebonne Bays, 
Louisiana, among the most heavily oiled 
salt marshes along the northern Gulf fol-
lowing the spill (DHNRDAT, 2016), doc-
umented no lasting differences in the den-
sities, sizes, or assemblage structures of 
seven resident Cyprinodontiformes fishes 
(including the sentinel species, Gulf killi-
fish, Fundulus grandis; Able et al., 2015). 
Similarly, catch rates of marsh-resident 
species, as well as overall commu-
nity structure, were not different before 
(2009) versus after (2010–2011) oiling at 
impacted wetlands in Alabama (Moody 
et al., 2013). Likewise, settlement of blue 
crab, Callinectes sapidus, did not change 
in northern Gulf wetlands following the 

spill (Grey et  al., 2015). Shrimp abun-
dances in oil-impacted Louisiana embay-
ments actually increased in the aftermath 
of the spill, perhaps due to delayed migra-
tion offshore and/or reduced harvest pres-
sure (van der Ham and de Mutsert, 2014).

In addition to these spill-response pat-
terns observed among marsh-associated 
nekton, similar patterns of stability in 
fish populations and communities have 
emerged post DWH in diverse northern 
Gulf settings such as seagrass-associated 
fishes (Fodrie and Heck, 2011), estua-
rine fishes throughout Mississippi Sound 
(Schaefer et  al., 2016), and within the 
coastal population of Gulf menhaden, 
Brevoortia patronus, a key forage fish 
(Short et al., 2017).

The general resilience to unprece-
dented oiling exhibited by fishes, crabs, 
and shrimps at population levels has been 
surprising given what is known about the 
impacts of hydrocarbons on individuals 
within these marsh-associated taxa fol-
lowing DWH. In both lab experiments 
and field collections since 2010, individ-
uals from these same taxa have shown 
negative responses to both oil constitu-

ents (e.g.,  polyaromatic hydrocarbons) 
and dispersants used to break down oil 
slicks. Indeed, a review of peer-reviewed 
studies demonstrated that in ~99% of 
cases (Fodrie et  al., 2014), individual 
marsh-associated fishes exposed to even 
low concentrations (~1 ppb) of weath-
ered Macondo oil and/or Corexit dis-
persants from the DWH oil spill demon-
strated negative responses in terms of 
genomic expression, physiologic perfor-
mance, morphological defects, and even 
mortality rate (Whitehead et  al., 2012; 
Dubansky et al., 2013; Kuhl et al., 2013).

Several factors may help reconcile why 
these individual-level damages do not 
appear to manifest as losses at the pop-
ulation or community level for marsh- 
associated nekton. In addition to the 
fishery closures in 2010 that potentially 
reduced adult mortality and increased 
recruitment of summer/fall spawning 
species (Fodrie and Heck, 2011), many 
fishes, crabs, and shrimps may have relied 
on their mobility to detect and then evade 
oiling (Martin, 2017). In many estuar-
ies, the distribution of oil was highly 
patchy and could have allowed for avoid-

Eight-year study quantifies how oiling is a continuing stressor on the marsh ecosystem. Scientists measured changes in oil quantity and quality 
in 1,200+ samples collected over eight years at locations that Deepwater Horizon affected—the Gulf of Mexico continental shelf, estuarine waters, and 
marsh sediments. The concentrations in marsh sediments peaked in fall 2011 (1,000 times above May 2010 levels) then dropped to 10 times higher over 
eight years. The initial oiling at the marsh edge gradually affected the entire marsh within two years, suggesting that the total area oiled was larger than 
the visible initial oil distribution when the spill first occurred. The study authors estimated that marsh sediments will retain high levels throughout this 
century. Photo credit: R. Eugene Turner, Louisiana State University
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ance behaviors for highly mobile species, 
despite strong site fidelity at landscape 
scales (Jensen et al., 2019). Additionally, 
we know that many marine birds and 
mammals were impacted by Macondo oil, 
and reduced numbers of these predators 
might have also offset oil-related mor-
tality on smaller fishes (Lane et al., 2015; 
Short et al., 2017). These are only a sub-
set of the possible explanations that can 
be considered but are ultimately difficult 
to fully test as causal agents for observed 
patterns—which reinforces the complex-
ity of ecosystem response(s) to broadscale 
oiling, as well as defining directions for 
future research. Additionally, other stud-
ies highlight the importance of identify-
ing key taxa in the response of ecosystems 
to perturbations based on both their sen-
sitivity to stressors (i.e., oiling) and their 
importance in the overall web of interac-
tions (McCann et al., 2017).

OYSTER RESTORATION 
AND RECOVERY
Oyster populations in many areas of 
the north-central Gulf of Mexico were 
severely impacted, primarily due to activ-
ities associated with response to the DWH 

oil spill. During the injury assessment 
phase, the DWH NRDA Trustee Council 
directed significant resources to evalu-
ating the impacts on oyster resources, 
including support of longer-term moni-
toring of many oyster habitats. The com-
plexity of assessing the immediate and 
long-term effects of the DWH spill on 
oysters cannot be overstated: they were 
impacted both as direct consequences 
of oiling and response activities (e.g., 
freshwater diversion release, shoreline 
cleanup), and by the interaction of oiling 
and response activities. In addition, oys-
ter resources in the Gulf region fluctuate 
naturally because recruitment changes in 
response to freshwater inflow patterns to 
estuaries, and because there is a legacy of 
different harvest regimes.

Studies in the aftermath of the DWH 
oil spill demonstrated that disturbances 
resulting from oiling and various response 
activities can have substantial impacts on 
oyster resources. The summer release of 
large quantities of freshwater from the 
Mississippi River through the Caernarvon 
and Davis Pond diversion structures as 
the State of Louisiana moved to protect 
marsh ecosystems from the inflow of oil 

in 2010 resulted in the loss of 2–3 billion 
market-sized oysters from subtidal areas 
of Barataria Bay and Black Bay/Breton 
Sound estuaries (Grabowski et  al., 2017; 
Powers et  al., 2017b). Mesocosm exper-
iments funded by GoMRI indicated that 
exposing oysters to short periods of low 
salinity could help them combat oil con-
taminant effects; however, this must be 
balanced by heavy expected mortal-
ity resulting from extended periods at 
very low salinity (Schrandt et  al., 2018). 
Oysters near the shoreline (fringing oys-
ter reefs) suffered injury from direct oiling 
as well as from oil removal efforts (Powers 
et al., 2017a). While the magnitude of oys-
ters killed in the nearshore was an order 
of magnitude less than in subtidal areas 
(34 million vs. 2–3 billion market-sized 
oysters), the loss of fringing oysters from 
the shoreline resulted in increased marsh 
erosion and additional loss of spawning 
stock biomass.

The combined effects of massive 
decreases in oysters in the subtidal and 
nearshore oyster areas likely contrib-
uted to the prolonged recovery seen in 
follow-up studies that were funded by 
GoMRI as a result of decreased oyster 

Oyster populations in many areas of the north-central Gulf of Mexico were severely impacted. Researchers concluded impacts on oysters were 
primarily due to activities associated with response to the DWH oil spill. The summer release of large quantities of freshwater from the Mississippi River 
through the Caernarvon and Davis Pond diversion structures as the State of Louisiana moved to protect marsh ecosystems from the inflow of oil in 2010 
resulted in the loss of 2–3 billion market-sized oysters from subtidal areas of Barataria Bay and Black Bay/Breton Sound estuaries (Grabowski et al., 
2017; Powers et al., 2017b). (photo) Louisiana coastal oysters exposed at low tide. Photo credit: Meagan Schrandt 
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recruitment (from the loss of spawning 
stock biomass). Recent research demon-
strated that the longevity of oyster shell, 
which is necessary to support high set-
tlement of oysters, is limited because of 
bioerosion and dissolution processes 
in the environment (Dunn et  al., 2014). 
Consequently, recovery from natural 
and anthropogenic disturbances may not 
be adequate if natural recovery extends 
beyond the lifetimes of shell resources. In 
such instances, active restoration will be 
required to restore the oyster resources of 
the northern Gulf of Mexico.

INFORMING AND TRACKING 
GULF OF MEXICO RECOVERY
To promote the recovery of the Gulf of 
Mexico region following the DWH oil spill, 
the US Congress passed the Resources 
and Ecosystems Sustainability, Tourist 
Opportunities, and Revived Economies of 
the Gulf Coast States Act of 2012 (known 
as the RESTORE Act). This law dedicated 
80% of the Clean Water Act penalties paid 
by responsible parties in connection with 
the spill to the Gulf region to promoting 
ecological and economic recovery activi-
ties. Two of the programs established by 
the Act, the NOAA RESTORE Science 
Program and the Centers of Excellence 
Research Grants Program, focus on sup-
porting research, observation, technology, 
and monitoring in the Gulf of Mexico. 
Each program is funded by roughly 
$138 million plus a portion of the interest 
from the penalty payments.

The NOAA RESTORE Science 
Program’s mission considers the long-
term sustainability of the Gulf of Mexico 
ecosystem, including its fish stocks, fish 
habitat, and fishing industries; its work 
is funded directly from the trust fund 
of Clean Water Act penalties established 
by the RESTORE Act. Working in part-
nership with the US Fish and Wildlife 
Service, the Science Program seeks to 
accomplish two equally important long-
term outcomes. One is to improve under-
standing of the processes and con-
nections within the Gulf of Mexico 
ecosystem. The other is to apply this inte-

grated knowledge of the ecosystem to its 
sustainable management and restoration 
(NOAA, 2015). NOAA has laid the foun-
dation to do so by building a program 
that connects the capacity of the research 
community to the information needs of 
resource managers in the Gulf region. 
By designing its funding opportunities 
around the needs of resource managers, 
using a competitive selection process, and 
working closely with their funded proj-
ects, the Science Program is supporting 
quality research and its application.

The Science Program recognizes the 
importance of making long-term invest-
ments. In the fall of 2019, the Science 
Program made its first set of long-term 
awards, which may provide up to 10 years 
of continuous funding to teams working 
on long-term trends in living coastal and 
marine resources in the Gulf of Mexico 
and the processes that drive them. Such 
long-term awards have the potential to 
be transformative by providing sustained 
funding to promising researcher and 
resource manager partnerships. To fur-
ther explore the relationships between 
trends and processes in the ecosystem and 
lay the foundation for ecosystem-based 
management, the Science Program will 
also support a synthesis initiative that 
cuts across disciplines and seeks to gain 
new insights from existing data.

Since its inception, the Science 
Program has increasingly recognized the 
importance of investing in research and 
resource management partnerships. The 
program has begun to emphasize the use 
of co-production as one way to generate 
actionable science. The co-production 
of science involves iterative collabora-
tion between a researcher and a resource 
manager in all phases of a research proj-
ect, and it is often centered around reduc-
ing the uncertainties around a spe-
cific decision the manager has to make. 
In addition to conducting competi-
tions to fund co-produced science, the 
Science Program is also exploring ways to 
increase the capacity for co-production of 
science in the Gulf of Mexico region by 
initiating workshops, seminars, and con-

ference sessions.
Working with priorities set by the 

research and application needs of resource 
managers, the Science Program con-
tinues to seek opportunities to support 
monitoring and research that can inform 
restoration decisions and evaluate resto-
ration outcomes as articulated by prac-
titioners. The key to delivering relevant 
research findings and products is design-
ing and conducting experiments, models, 
and monitoring networks tailored to the 
needs of restoration managers. Rigorous 
science and monitoring are critical, but 
it will only be utilized if it is delivered at 
the geographic and temporal scale of the 
restoration action and its utility is recog-
nized by the resource manager—​ideally 
even before it is produced.

THE CENTERS OF EXCELLENCE 
RESEARCH GRANTS PROGRAM
The Centers of Excellence Research 
Grants Program funds research, science, 
technology, and monitoring with admin-
istrative and civil penalties housed in 
the RESTORE Act Trust Fund from the 
DWH oil spill. The Centers of Excellence 
Program, with a budget of more than 
$138 million, is near the beginning of its 
15-year tenure, with at least one Center 
of Excellence established in each Gulf 
Coast State. Centers of Excellence are 
required to focus on at least one of five 
disciplines in the Gulf of Mexico or Gulf 
Coast Region: (1) coastal and deltaic sus-
tainability, (2) coastal fisheries and wild-
life, (3) offshore energy development, 
(4)  sustainable and resilient growth and 
economic development, and (5) obser-
vation, monitoring, and mapping. All 
Centers prioritize data discoverabil-
ity, accessibility, and usability by other 
researchers over the long term, and most 
Centers are housing data at the Gulf of 
Mexico Research Initiative Information 
and Data Cooperative. Although the 
Centers are self-directed and operate 
in support of separate missions, they all 
follow the same guidelines and regula-
tions stipulated by the US Department of 
Treasury, as administrator for the Centers 
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of Excellence Program, and funds for 
each Center are required to pass through 
a designated state entity. 

Texas OneGulf Center of Excellence
Texas OneGulf is a consortium of nine top 
state institutions led by the Harte Research 
Institute for Gulf of Mexico Studies at 
Texas A&M University-Corpus Christi. 
It has wide-ranging expertise in the envi-
ronment, the economy, and human health. 
Texas OneGulf was established in 2015 
with a mission to improve understanding 
of the Gulf of Mexico large marine ecosys-
tem and its effects on human health and 
well-being for the betterment of both. In 
its initial years, Texas OneGulf supported 
seven research projects totaling nearly 
$3 million in RESTORE funding to tackle 
a variety of issues that directly impact 
Texas, the Gulf of Mexico, and its resi-
dents. These projects include establishing 
disaster research response infrastructure 
that can be deployed rapidly to assess the 
impacts of disasters along the Texas coast 
in real time, using underwater gliders to 
search the coast for hypoxic dead zones, 
and helping Texas communities build 
resilience and recover from Hurricane 
Harvey. The diversity and interdisciplin-
ary nature of the projects helped OneGulf 
become a reliable source of information 
for Texas decision-makers and resource 
managers working to protect the Gulf and 
its coastal communities. 

RESTORE Act Center of Excellence 
for Louisiana
The mission of the RESTORE Act Center 
of Excellence for Louisiana (LA-COE) 
is to fund research directly relevant to 
Louisiana’s Comprehensive Master Plan 
for a Sustainable Coast by administering 
a competitive grants program and coor-
dinating support to ensure that success 
metrics are tracked and achieved. The 
Coastal Master Plan is the guiding doc-
ument for the Coastal Protection and 
Restoration Authority (CPRA) that was 
developed using the best available sci-
ence and engineering to focus efforts 
and guide the actions needed to sustain 

Louisiana’s coastal ecosystem, safeguard 
coastal populations, and protect vital eco-
nomic and cultural resources. LA-COE is 
sponsored by CPRA and administered by 
The Water Institute of the Gulf. LA-COE 
began in 2014 and has been working with 
CPRA and various other advisory groups 
and scientists from The Water Institute of 
the Gulf to advance the LA-COE mission. 
In 2017, LA-COE granted universities 
nearly $3 million to support 13 research, 
collaborative, and graduate studentship 
awards. Research topics ranged from 
coastal restoration impacts to brown pel-
ican nesting habitat, assessment of adap-
tive migration for coastal residents, and 
use of radar-based precipitation data sets 
for hydrology models. 

Mississippi Based RESTORE Act 
Center of Excellence 
The Mississippi Based RESTORE Act 
Center of Excellence (MBRACE) is 
a consortium of Mississippi’s four 
research universities—Jackson State 
University, Mississippi State University, 
The University of Mississippi, and The 
University of Southern Mississippi 
(USM)—with USM serving as the lead 
institution. The mission of MBRACE is 
to seek sound comprehensive science- 
and technology-based understanding of 
the chronic and acute stressors on the 
dynamic and productive waters and eco-
systems of the northern Gulf of Mexico, 
and to facilitate sustainable use of the 
Gulf ’s resources. Since its designation in 
2016, MBRACE has dedicated more than 
$7 million to support oyster reef sustain-
ability and water quality in Mississippi 
coastal waters, prioritizing research and 
modeling to inform management and res-
toration activities led by the Mississippi 
Department of Environmental Quality, 
the Center of Excellence pass-through 
entity in Mississippi, and the Mississippi 
Department of Marine Resources. The 
close partnership between MBRACE 
and state resource managers enables the 
Center to support research that both 
increases the state of knowledge and 
addresses critical management needs.

Alabama Center of Excellence
In the interest of being better pre-
pared to respond to future disasters, the 
Alabama Center of Excellence (AL COE) 
will develop and implement a for-
ward-looking competitive grant pro-
gram that will fund up to 22 research 
grants and conduct hypothesis-driven, 
ecosystem-based monitoring focused on 
the development of data-driven predic-
tions of impacts of future multi-stressors 
on the coastal and nearshore envi-
ronments of the north central Gulf of 
Mexico. Lead scientists will be located at 
Alabama Marine Environmental Sciences 
Consortium’s 23 member schools, and 
ecosystem-based monitoring will be led 
by resident faculty at the Dauphin Island 
Sea Lab. AL COE will also fund improve-
ments to the Alabama Real-time Coastal 
Observing System (ARCOS), a core pro-
gram administered by the Dauphin 
Island lab. ARCOS collects and dissem-
inates quality-controlled hydrographic 
and meteorological data to a diverse 
and large array of stakeholders (e.g., US 
Coast Guard, National Weather Service, 
Alabama Department of Public Health) 
who depend on these data for a range 
of regulatory, commercial, and recre-
ational activities. Partners in the evalua-
tion of AL COE’s work plan will include 
Mississippi-Alabama Sea Grant and the 
Mobile Bay National Estuary Program. 

Florida RESTORE Act Centers 
of Excellence Program
In Florida, the RESTORE Act stipulated 
that the Florida Institute of Oceanography 
(FIO) serve as the Gulf Coast State Entity, 
responsible for conducting a competitive 
grant process to establish Florida’s Centers 
of Excellence rather than serving as the 
Center of Excellence itself. FIO serves as 
the program headquarters for the Florida 
RESTORE Act Centers of Excellence 
Program (FLRACEP) and is responsi-
ble for administering the program’s funds 
and evaluating the performance of each 
Florida Center of Excellence. Guided 
by the FLRACEP management team, 
the program seeks to engage, coordi-
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nate, and establish collaborations with 
ocean and coastal research programs 
and to promote science and technology 
innovation among Florida’s institutions 
of higher education, with emphasis on 
monitoring and supporting the health of 
the Gulf of Mexico and Florida’s coast-
lines. Since 2015, FIO has established 10 
Florida Centers of Excellence and allo-
cated approximately $7 million toward 
the funding of 18 research projects that 
address multiple strategic goals identified 
by the FLRACEP management team.

The Centers of Excellence described 
here represent a next phase of science 
and restoration funding across the Gulf 
of Mexico. Early accomplishments of the 
15-year Centers of Excellence program 
include establishment of the Centers, 
development of science plans to define 
scopes and paths forward, and cre-
ation of connections and collaborations 
between the various Centers and other 
funding agencies. Although disparate in 
missions, the Centers of Excellence are 
all ultimately working toward a resilient 
Gulf of Mexico ecosystem, prioritizing 
research to inform restoration (e.g., oys-
ter restoration and water quality sustain-

ability in Mississippi and coastal ecosys-
tem restoration in Louisiana), ecosystem 
monitoring (e.g., the Alabama Real-time 
Coastal Observing System and monitor-
ing to support healthy coastal ecosystems 
in Florida), and healthy communities 
(e.g., hurricane recovery and resilience in 
Texas and protecting economic and cul-
tural resources in Louisiana). The next 
10 years will be critical for research, res-
toration, and recovery of the Gulf of 
Mexico following the DWH oil spill, and 
the Centers of Excellence will continue to 
support science, technology, and mon-
itoring to meet the needs of their state 
entities and work toward a healthy, resil-
ient, and productive Gulf of Mexico. 

 
CONCLUSIONS
Oil spills are never good news, and the 
DWH oil spill was both tragic and envi-
ronmentally harmful. The good news is 
that with lessons learned from previous 
oil spills and the ability of scientists to 
rapidly undertake field studies before the 
oil reached the shoreline, GoMRI-funded 
researchers added significantly to our 
understanding of ecosystem impacts and 
were able to continue those studies for a 
decade following the spill. Additionally, 

the creation of long-term research 
efforts like the NOAA RESTORE Science 
Program and the state-based Centers of 
Excellence will assure development of a 
better understanding of ecosystem sci-
ence to inform restoration efforts and 
assess recovery. 

As expected, recovery and restoration 
processes of habitats and species assem-
blages impacted by the DWH oil spill 
are varied and diverse. Nearshore spe-
cies with short life cycles living in stable 
environments recover rapidly (i.e.,  the 
Cyprinodontiformes fishes in Barataria 
and Terrebonne Bays, Louisiana, 
described above). In contrast, cetaceans 
and other higher-level vertebrates have 
suffered multiple physiological impair-
ments, and their recovery is slow and 
likely to extend for decades in popu-
lations severely impacted by the spill. 
Anthropogenic influence intended to 
enhance restoration and recovery, such 
as described for oysters, has risk-reward 
consequences yet to be evaluated.

In order to correctly determine the 
true pace of recovery, long-term con-
tinuing studies, including monitor-
ing, are essential. Insufficient baseline 
research was available when the DWH 

Five-year study finds Deepwater Horizon negatively affected periwinkle snails. Scientists conducted a meta-analysis on marsh periwinkle snails 
using data spanning five years to investigate how the oil spill affected them over time. The researchers found that snails from heavily oiled sites exhib-
ited decreased density and shell length. There were greater relative proportions of small adults and fewer large adults in heavily oiled sites compared 
to reference sites. These results suggest that the Deepwater Horizon spill suppressed periwinkle populations and that recovery was slowed or incom-
plete. (photo) Researchers sampling periwinkle snail density and size along a Louisiana marsh shoreline. Photo credit: Scott Zengel 



Oceanography |  Vol.34, No.1172

oil spill occurred, making compari-
son of impacts difficult. However, the 
GoMRI effort has provided many start-
ing points for long-term studies. In addi-
tion, the RESTORE Science Program 
and the 30-year National Academies of 
Sciences Gulf Research Program (NRC, 
2014) will enable researchers to continue 
assessments well into the future. Also, the 
Centers of Excellence Research Grants 
Program is designed to extend for many 
years, providing support for scientists to 
focus on regionally important long-term 
investigations.

A “new normal” for habitats and 
impacted ecosystems is often referenced 
as a possibility. Again, its determination 
requires extended studies. With the pas-
sage of time, as recovery progresses, and 
anthropogenic influence is included, 
a return to the previous, or some new, 
“normal” can be ascertained. 
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