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7. Gulf of Mexico and Southeast U.S. Continental
Shelf

7.1  Introduction 

The Gulf of Mexico Regional Action Plan (GMRAP; Lovett et al., 2016) and Southeast United 
States Continental Shelf (SEUSCS; Gore et al., 2020) Regional Action Plan (S-RAP) were 
published in 2016 and 2020, respectively.  These documents recognized that warming ocean 
temperatures, sea level rise, and ocean and coastal acidification would be key climate change 
drivers resulting in biological impacts in the Gulf of Mexico (Gulf) and SEUSCS.  Understanding 
how major climate drivers such as these affect marine and coastal habitat distribution and 
quality, ecosystem productivity, and living marine resources is critical for natural resource 
management. Similarly, understanding and potentially forecasting climate driver impacts to 
threatened and endangered species and their key habitats is critical to protection of these 
species. 

The GMRAP and S-RAP followed the approach presented in the NOAA Fisheries Climate 
Science Strategy (NCSS) (Link et al., 2015). The Regional Action Plans (RAPs) identified 
priority needs and specific actions to implement the NCSS in the Gulf and SEUSCS regions 
over a five year time period. Using a process that included input from stakeholders and the 
public, 62 actions in the GMRAP and 68 actions in the S-RAP were identified (130 actions in 
total) to help meet climate science needs.  

Of the 62 actions in the GMRAP and 68 actions in the S-RAP, the highest priorities for climate 
science information and services included: 

● Conduct climate vulnerability assessments for species in the Gulf and the SEUSCS,
their habitats, and associated human communities. These analyses will help identify
species especially vulnerable to climate change, identify research gaps, and set
priorities for the region related to the management of species under the Magnuson-
Stevens Fishery Conservation and Management Act, as well as the Endangered
Species Act. (GMRAP Action 31, 32; S-RAP Actions 30, 31, 32)

● Use climate vulnerability assessments to identify and prioritize multidisciplinary data
needs for climate science in the Gulf and SEUSCS. Data needs would include biological,
climate, physical, chemical, socio-economic, and other necessary data, and identification
of needs would be conducted in coordination with a broad range of federal, state,
academic, and non-governmental organization partners. Gap analyses would be
conducted to examine the adequacy of existing data and surveys to provide climate
science information (GMRAP Actions 47, 49; S-RAP Actions 54, 56)

● Develop and regularly update Ecosystem Status Reports for the Gulf and SEUSCS.
These reports will include information that can be used to track trends in indicators of
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ecosystem health and would include a human dimensions component (GMRAP Action 
36; S-RAP Action 39) 

● Establish a formal Gulf and SEUSCS climate team that includes Southeast Fisheries 
Science Center (SEFSC), Atlantic Oceanographic and Meteorological Laboratory 
(AOML), Highly Migratory Species (HMS), and Southeast Regional Office (SERO) 
participants and others with regular meetings and communications. This team will share 
ideas, build capacity, strengthen collaboration with regional partners, and spearhead 
implementation of actions within the RAPs of the SEUSCS, Gulf, and the Caribbean 
(GMRAP Actions 53, 54; S-RAP Action 60) 

● Develop and execute a monitoring plan that includes identifying new and maintaining 
existing critical baseline data for the Gulf and SEUSCS that supports climate science 
needs (GMRAP Actions 37, 38; S-RAP Actions 41, 56) 

● Continue to build the capacity to consider climate science and environmental covariates 
in the stock assessment process, including using environmental covariates in stock 
assessments (GMRAP Actions 15, 49; S-RAP Action 15) 

● Hire a management strategy evaluation (MSE) specialist to help identify harvest control 
rules likely to remain effective under future climate change scenarios (GMRAP Action 
54; S-RAP Action 61) 

● Collaborate with colleagues across NOAA and external partners to share ideas for 
developing climate-informed reference points through a workshop or meeting (GMRAP 
Actions 2, 3; S-RAP Action 1) 

 
Since 2016, significant progress has been made to address the priority actions listed above in 
both the GMRAP and S-RAP. The following five-year summary organizes the efforts and 
accomplishments that have been made towards addressing actions in the RAPs as they relate 
to the NCSS objectives. 

7.2  Activities and Progress 
 
Build and Maintain Infrastructure (Objective 7)  

 
Goal 
Build and maintain the science infrastructure needed to fulfill NOAA Fisheries mandates under 
changing climate conditions. 
 
Activity highlights 

● Published the GMRAP and S-RAP as Technical Memoranda 
● Developed the SEFSC and SERO climate change coordination team 
● Planning a NMFS Atlantic Coast Science Coordination Workshop 
● Developing regional trainings and workshops to advance partnerships 
● Implemented a rotational assignment program to invest in staff professional 

development and strengthen expertise to meet climate science needs 
● Held an SEFSC-AOML Climate Workshop 
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Progress summary 
The S-RAP follows the same format as the GMRAP. Sixty-eight action items were identified, 
including eight priority actions.  
 
A priority of the original GMRAP and S-RAP was to develop an SEFSC and SERO climate 
science team and to build collaboration between this team and other relevant offices including 
AOML. This team is being developed and currently a small group of SEFSC/SERO personnel 
meets regularly. A one-day workshop was held in 2018 between AOML and SEFSC to identify 
climate research priority areas. An in-person meeting was planned for summer 2020 across the 
Center and SERO to further establish connections, to review climate change activities, and to 
identify priority areas and future goals. This meeting was postponed due to COVID-19 and is 
now planned for 2021. Additionally, two SEFSC staff scientists were invited to attend (virtually) 
the GFDL-AOML coordination workshop in the summer of 2020. 
 
A 4-day training course developed by the National Conservation Training Center (NCTC) to 
provide the skills and tools needed for climate adaptation application to on-the-ground 
conservation was scheduled for May 2020, but was also postponed indefinitely. The NCTC 
course will be taught in 2021 by NCTC staff alongside SERO and the Greater Atlantic Regional 
Fisheries Office (GARFO) instructors focusing on regional species case studies. 
 
The NMFS Atlantic Coast Science Coordination Workshop was scheduled for 2020 to assess 
the degree of coordination of NOAA Fisheries science activities across the Northeast and 
Southeast U.S. Continental Shelf Large Marine Ecosystems, within the context of changing 
ecosystem conditions and shifting species distributions. This meeting was postponed to 2021. 
 
A program to encourage rotational assignments between the SEFSC and SERO was 
developed, and although there have been no rotational assignments dedicated to climate 
change to date, the structure exists for future opportunities. 
   
Tracking Change (Objective 6) 
 
Goal  
Track trends in ecosystems, LMRs, and LMR-dependent human communities and provide early 
warning of change. 
 
Activity highlights  

● Developed and updated Ecosystem Status Reports 
● Developed Marine Mammal Assessment Program for protected species 
● Collection of baseline data of fisheries-dependent, -independent, and habitat 

information   
 
Progress summary 
Ecosystem Status Reports (ESR) were considered high priority in the original GMRAP and S-
RAP. An ESR was completed for the Gulf in 2013 and updated in 2017 
(https://www.aoml.noaa.gov/ocd/ocdweb/ESR_GOMIEA/).  The Gulf ESR analyzed a suite of 79 
indicators and found that trends in some ecosystem pressures (sea surface temperature, sea 
level rise, ocean acidification) are now increasing at faster rates in some areas than in the prior 
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three decades. Further, areal coverage of natural habitats (e.g., seagrass, wetlands) are 
generally declining at the same time as the number of artificial habitats (e.g., oil platforms, 
artificial reefs) is increasing. An Ecosystem Status Report for the SEUSCS is near completion, 
and includes 182 time series across 48 distinct indicators and seven categories, ranging from 
climate drivers to fishery indicators and human dimensions. These reports are intended for use 
by Fishery Management Councils, local and regional management bodies, and other 
stakeholders, to complement species-level stock assessments and aid in risk analyses to guide 
fishery management decisions. 
 
Marine Assessment Programs for Protected Species in the Gulf (GoMMAPPS; 
https://www.boem.gov/gommapps) and the SEUSCS (AMAPPS42) focused on incorporating 
environmental parameters into the development of spatially and temporally-explicit marine 
mammal density models, which are currently under development with products expected in 
early 2021. These products will be important for both NMFS regulatory needs (e.g., stock 
assessment reports, informing take authorizations, recovery planning for the endangered Gulf of 
Mexico Rice’s whales - formerly Bryde's whales -  and sperm whales) as well as the regulatory 
needs of other federal agencies such as Bureau of Ocean Energy Management (BOEM) and 
the Bureau of Safety and Environmental Enforcement (BSEE). 
 
Collection of baseline data was considered a priority of the GMRAP and S-RAP. Multiple actions 
related to baseline data collection were undertaken, with some specifically to improve collection 
for protected species. Standard fisheries surveys continued, with some reductions due to the 
COVID outbreak. Focused protected species activities included collecting broad-scale 
information on the distribution and abundance of marine mammals, sea turtles, and sea birds in 
the southeast region (both Gulf and SEUSCS), and to integrate those data with historic survey 
data and in situ and remotely sensed oceanographic data to develop seasonally and spatially-
explicit density estimates for priority species. Other action items conducted or underway include 
activities to map sea turtle nesting locations, as well as establishing a comprehensive plan for 
an in-water data collection program for sea turtles across the Gulf. This work has been funded 
by the Open Ocean Trustee Implementation Group of the Gulf restoration program. SEFSC staff 
are also involved in the decade-long mesopelagic fisheries project DEEPEND which is studying 
fishes and invertebrates beyond NMFS surveys in the open Gulf of Mexico. 

 
Understanding Mechanisms (Objective 5)  
 
Goal  
Identify the mechanisms of climate effects on ecosystems, living marine resources, and 
resource-dependent human communities. 
 
Activity highlights 

● Developed methods for assessing the vulnerability of marine mammals to climate change 
● Initiated fisheries climate vulnerability assessment for the Gulf (75 species) 
● Initiated fisheries climate vulnerability assessment for the SEUSCS (71 species) 

                                                
42 AMAPPS website - https://www.fisheries.noaa.gov/new-england-mid-atlantic/population-
assessments/atlantic-marine-assessment-program-protected  
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● Completed rapid climate vulnerability assessment for Gray’s Reef National Marine 
Sanctuary (GRNMS) (11 fish, sea turtle, invertebrate species) 

● Conducted research examining mangrove range expansion into salt marsh habitat 
● Participated in a coordinated response with partners across the region (including the 

greater Caribbean) to stony coral tissue loss disease and non-native red lionfish 
● Analyzed a 24 year time series of fish survey data from temperate reefs in the 

southeastern United States 
● Used otolith biochronologies to explore snapper and mackerel growth linkages to the 

timing of the spring transition and the Atlantic Multidecadal Oscillation (AMO) 
 

Progress summary 
Climate vulnerability assessments of species, habitats, and associated resource-dependent 
human communities were top priorities for the GMRAP and S-RAP. Methodology was 
developed for assessing the vulnerability of marine mammals to climate change (Lettrich et al. 
2019) and similar efforts are underway for sea turtles, with a global assessment of sea turtle 
climate vulnerability in progress.  A rapid climate vulnerability assessment of marine resources 
in Gray’s Reef National Marine Sanctuary, located off Savannah, GA, was also completed with 
participation from SEFSC and SERO scientists (Shein et al., 2019). In the Gulf, 75 species were 
assessed for climate vulnerability. Seventy-one species were assessed in the SEUSCS. 
Community vulnerability assessments conducted by social scientists follow fisheries 
vulnerability assessments in the Gulf and SEUSCS and have been initiated. Results of these 
assessments will be used to prioritize research for vulnerable species and inform and guide 
future management actions that may be affected by changing climate. 
 
Research in the Gulf is examining climate-driven displacement and transition of ecologically 
important habitats. Estuarine nekton and benthic infauna in black mangrove and salt marsh 
habitats in coastal Louisiana have been sampled to assess potential changes in future fishery 
productivity (e.g., Gulf shrimp fishery). These data will be used to compare the distribution of 
nekton in these vulnerable habitats, develop habitat-specific food web models, and determine 
differences in fishery productivity of estuarine-dependent species. The study in the Gulf also has 
relevance for the SEUSCS, where black mangroves have been encroaching on salt marsh 
habitats as far north as St. Johns County, Florida (e.g., Guana Tolomato Matanzas National 
Estuarine Research Reserve). Note that a recent study (Johnston and Caretti, 2017) has shown 
that encroaching mangrove habitat provides inferior quality habitat in the presence of predation 
risk for Callinectes spp. 
 
Stony coral tissue loss disease (SCTLD) has caused massive die-offs in the Florida Keys and 
Caribbean of numerous reef-building corals, affecting at least 24 species, yet little is known 
about the environmental and ecological conditions associated with these disease outbreaks 
(Muller et al., 2020). To address this multi-year mortality event, Southeast region scientists are 
participating in a coordinated response43 to SCTLD that includes the establishment of a network 
of partners to address SCTLD impacting coral species in the region and greater Caribbean. 
Work groups have been created to address multiple aspects related to SCTLD, including 
rescue, research, restoration, and treatment. 

                                                
43 SCTLD response website - https://floridadep.gov/rcp/coral/content/stony-coral-tissue-loss-disease-
response  

https://spo.nmfs.noaa.gov/content/tech-memo/noaa-fisheries-climate-science-strategy-five-year-progress-report

https://floridadep.gov/rcp/coral/content/stony-coral-tissue-loss-disease-response
https://floridadep.gov/rcp/coral/content/stony-coral-tissue-loss-disease-response
https://floridadep.gov/rcp/coral/content/stony-coral-tissue-loss-disease-response


116 
 

 
Both the Gulf and SEUSCS are experiencing growing populations of invasive lionfish and the 
ecology of these species in these new habitats is not fully known. Eddy et al. (2019) studied two 
species of invasive lionfish (Pterois volitans and P. miles) in Bermuda using annual otolith 
growth rings and histological staging of ovaries. They found that lionfish in Bermuda grew faster 
and reached larger sizes than in their native habitats, but they reached maturity later and had a 
shorter spawning season. The authors argued that this was due to the cool winter temperatures 
and may mitigate or delay the impacts of lionfish in this newly invaded area. 
 
Research on Pterois volitans on shallow reefs in the Caribbean and Bahamas reported that 
lionfish were found down to 91 m and could impact mesophotic reef communities (30-150 m; 
Lesser and Slattery,2011). These researchers found that lionfish reduced the diversity of 
several important guilds of fishes, including herbivores. The loss of herbivores in the system 
resulted in a shift to an algal-dominated community (>50% benthic cover) to a depth of 61 m. 
There was also a decline in both sponges and corals at mesophotic depths. These areas are 
thought to act as refugia, or a source of recruits, for shallower areas and some have said this 
could offer resilience to climate change (Holstein et al., 2015, but see Smith et al., 2016) for key 
coral reef taxa. These system-level changes have potentially eroded the resilience of these 
communities, thus impairing their ability to recover or contribute to the recovery of their shallow 
water counterparts.  

Disentangling the effects of climate from commercial and recreational fishing in the analyses of 
survey data is part of building a mechanistic understanding of the impacts of climate change on 
living marine resources. In an analysis of 24 years of temperate-reef survey (chevron trap) data 
on the SEUSCS, Geraldi et al. (2019) found that climate (AMO and North Atlantic Oscillation 
[NAO]) and local temperature (bottom temperature and winter SST) effects accounted for most 
of the variation in fish community structure. Recreational fishing explained slightly more 
variation compared to commercial fishing in the temperate reef fish community over a multi-
decadal scale. Further analyses indicated that bigger and longer-lived fishes were positively 
correlated with depth and winter temperature. The findings suggest that lesser-studied 
anthropogenic impacts, such as recreational fishing, may influence communities throughout 
large ecosystems as much as other better-studied impacts such as climate change and 
commercial fishing. In addition, climate indices should be considered when assessing changes, 
natural or anthropogenic, in fish communities. This effort addresses the following RAP actions: 
S-RAP Obj. 1, No. 2; S-RAP Obj. 1, No. 3; S-RAP Obj. 3, No 15. 

Using otolith biochronologies for red snapper, gray snapper, black drum, and king mackerel in 
the Gulf, Dzaugis et al. (2017) examined the response of otolith spacing to the meteorological 
spring transition and to the AMO. They found that otolith spacing increased (decreased) when 
the spring transition was early (late) in red snapper, gray snapper, and black drum. King 
mackerel did not show the same pattern, but instead was negatively correlated with the longer 
term AMO signal. Dzaugis et al. (2017) argued that these differing responses were likely due to 
the movement patterns of the species. Snappers and black drum do not undertake the large 
basin-scale migrations characteristic of king mackerel. This study provided a linkage between 
two environmental processes (i.e., spring transition and AMO) and the growth rates of four fish 
species. 
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Projecting Future Conditions (Objective 4) 
 
Goal 
Identify future states of marine, coastal, and freshwater ecosystems, living marine resources, 
and resource dependent human communities in a changing climate. 
 
Activity highlights 

● Integrating broad-scale marine mammal distribution and abundance data into spatially-
explicit density estimates as a function of remotely sensed oceanographic data to predict 
climate impacts 

● Downscaled climate models for multiple regional-scale applications (e.g., assessing the 
vulnerability of species and their habitats to coastal flooding/droughts, biogeochemical 
changes, increased storm severity, and Gulf Stream oceanographic changes 

● Used an ocean biogeochemical model and observations to link El Niño - Southern 
Oscillation (ENSO) to productivity on the northern Gulf of Mexico shelf 

● Developed multiple social indicators to assess human risks from climate change (e.g., 
storm surge, sea level rise) 
 

Progress summary 
Multiple efforts are underway in collaboration with NOAA partners to retrospectively assess 
observed sea surface temperatures for the SEUSCS and Gulf and project future conditions. 
Historical records have been compiled and analyzed for the SEUSCS and the SEFSC is 
working to extend these analyses to the Gulf. These analyses will help validate downscaled 
climate models and improve forecasts.  

A push to advance modelling efforts and techniques creates the need to develop a standard 
modeling toolbox and best practices for modeling under uncertainty. The ability to couple 
models across types and to link future ocean states and their living marine resources is a 
growing imperative. In 2018 a scoping workshop with scientists, managers, and other 
stakeholders was held to identify and prioritize challenges in the Gulf that could be addressed 
using ecosystem models, and how best to incorporate those models into the existing fisheries 
assessment and management framework. The need to integrate ecosystem processes into 
stock assessments was identified as a priority. The effort resulted in a peer-reviewed publication 
(Chagaris et al., 2019) intended to guide future ecosystem modelling efforts and advance 
ecosystem-based fisheries management in the region. 

The SEFSC and AOML are collaborating on a project to downscale Coupled Model 
Intercomparison Project (Fifth phase, CMIP5) model projections to investigate potential shifts in 
ocean biogeochemical cycles. Additionally, scientists are using a high-resolution regional 
ocean-biogeochemical model (MOM-TOPAZ) to explore the potential linkages between large-
scale climate and ocean variability and economically important species. Dynamic downscaling 
simulations of the CMIP6 (Sixth phase) models, which employ scenarios rooted in 
socioeconomic trajectories to characterize reasonable future scenarios, are currently being 
performed. Ultimately, this work will produce a downscaled biogeochemical model for use in 
fisheries studies as well as insight into physical forcing of fish species range shifts and/or 
productivity declines. 
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Existing downscaled models were used to assess species-specific climate vulnerability for nine 
key species found within the Gray’s Reef National Marine Sanctuary (GRNMS). In 2017, 
GRNMS convened an expert workshop (Shein et al., 2019). Using a modified version of the 
Commission for Environmental Cooperation’s North American Marine Protected Area Rapid 
Vulnerability Assessment tool, species experts transformed their knowledge into a vulnerability 
score for each species. Once climate vulnerabilities were established, participants discussed 
possible adaptation strategies which, if implemented, might reduce species vulnerability. These 
efforts illuminated top climate concerns for the nine species and also identified several non-
climate stressors such as the invasion by lionfish, a species that may be less vulnerable to 
climate stressors than the native fish species assessed.  

The Integrated Ecosystem Assessment program44 funded a joint AOML-SEFSC project to use 
data-driven Bayesian network analyses to explore the potential impacts of climate change on 
commercially important species in the Gulf, resulting in a peer-reviewed publication (Trifonova 
et al., 2019). This analysis highlighted the strength and sensitivities of linkages between 
ecosystem components to climate perturbations, further elucidating the need to include climate 
variables in systems modelling and species assessments. 

Protected species were the subject of climate related research focused on modelling future 
conditions. Impacts to sturgeon (shortnose and Atlantic) distributions were assessed under 
different climate scenarios and incorporated into a biological opinion for a South Carolina river 
facing drought-related water distribution impacts. A partnership between the Bureau of Ocean 
Energy Management (BOEM), the United States Fish and Wildlife Service (USFWS), the U.S. 
Navy (USN), Northeast Fisheries Science Center (NEFSC), and the SEFSC is currently 
collecting broad-scale information on the distribution and abundance of marine mammals, sea 
turtles, and sea birds in the SEUSCS. These data will be integrated with historic survey, in situ, 
and remotely sensed oceanographic data to develop seasonally- and spatially-explicit density 
estimates for priority species. The resulting models will enhance our understanding of how 
environmental parameters such as temperature, salinity, Gulf Stream, and eddy locations 
influence protected species distribution. A similar program is operating in the Gulf. 

Gomez et al. (2019) used a regional ocean-biogeochemical model augmented by satellite and in 
situ observations to show that the ENSO is a main driver of the interannual variability in salinity 
and plankton biomass during winter and spring in the northern Gulf. They argue that ENSO, by 
modulating river discharges, winds, phytoplankton, and zooplankton production, could impact 
important species such as Gulf menhaden and red snapper. Interestingly, Leaf (2017) also 
found that winter ENSO is a leading indicator of oil content, an index of condition, for Gulf 
menhaden. 

Finally, fishing communities were a focus of modelling efforts through the development of social 
indicators. Social indicators are numerical measures that describe and evaluate the social, 
economic, and psychological well-being of individuals or communities. They were developed to 
characterize community well-being for coastal communities engaged in fishing activities. A 
Storm Surge indicator was developed for the SEUSCS and Gulf coasts of the United States and 
represents a community's risk for storm surge based upon the amount of area that would be 

                                                
44 https://www.integratedecosystemassessment.noaa.gov 
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flooded by levels of storm surge from level 1 to 5. A separate climate change vulnerability 
indicator is currently in development and should be available midyear 2021. 

 
Informing Management (Objectives 1 - 3) 
 
Goals 
Identify appropriate, climate-informed reference points for managing LMRs; identify robust 
strategies for managing LMRs under changing climate conditions; design adaptive decision 
making processes that can incorporate and respond to changing climate conditions. 
 
Activity highlights 

● Incorporated an index of the Atlantic Multidecadal Oscillation (AMO) into stock 
assessments for bluefin tuna and swordfish 

● Incorporated an index of red tide severity into assessments for red and gag grouper 
● Used connectivity modeling to help estimate recruitment deviations in red snapper, red 

grouper, and gag grouper 
● Included climate and environmental covariates in determining the cause of marine 

mammal Unusual Mortality Events (UMEs) 
● Hired an MSE specialist for the SEFSC 

 
Progress summary 
Schirripa et al. (2017) identified a relationship between the AMO and fleet-specific catch per unit 
effort (CPUE) in North Atlantic swordfish (Xiphias gladius). When the AMO was in a warm 
phase, the CPUEs in the western (eastern) areas of the stock’s distribution were higher (lower) 
than predicted by the assessment model fit. Using the physiological temperature preference for 
swordfish, an environmental index of SST anomalies representing this relationship to the AMO 
was used to help parameterize catchability in the stock assessment model. This effort resulted 
in a better fit to the catch rate data and, by providing area-specific catch rates, afforded the 
ability to detect basin-wide responses to shifting oceanographic processes. This work is now 
routinely done for both swordfish and Western Atlantic bluefin tuna (Thunnus thynnus) for the 
International Commission for the Conservation of Atlantic Tunas (ICCAT). These are critical 
steps in providing robust management advice in a changing climate. This work addresses 
several RAP actions: S-RAP objectives 1 (no. 2, 3) and 3 (no. 15); GMRAP objectives 1 (no. 
1,2), 2 (no. 8) and 3 (no. 15).       

In 2005, an extensive red tide on the West Florida Shelf resulted in a significant fish kill that was 
recorded in NOAA ship Oregon II’s log from the NMFS bottom longline survey. During a 2009 
update assessment for red grouper (Epinephelus morio), it was found that spawning stock 
biomass levels had decreased since 2005. This decline was coincident with the 2005 red tide 
mortality event. In stock assessments since the update (and inclusive of the update), red tide 
events (e.g., 2005, 2014, 2015, 2018) were treated in the assessment model as a pseudo-fleet 
creating dead discards. The selectivity pattern assumed that ages-0 and older were 100% 
selected for by the red tide. The severity of the red tide events was estimated by the 
assessment model rather than imposed as an input. This approach thereby allowed the 
incorporation of this major, potentially climate-driven, environmental process into the stock 
assessment process. These assessments also used oral histories (Karnauskas et al., 2019) of 
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fishers to assess the impacts of red tide events across the Gulf, and this approach has been 
extended to gag grouper (see Walter et al., 2013, 2015; Sagarese et al., 2014, 2018; SEDAR 
61, 2019, for more information). A publication is in preparation by S. Sagarese (SEFSC) 
covering this red tide work called “Enhancing single-species stock assessments with diverse 
ecosystem perspectives: a case study for Gulf of Mexico Red Grouper (Epinephelus morio) and 
red tides.” Overall, this work addresses the following RAP actions: GMRAP objectives 1 (no. 1, 
2) and 3 (no. 14, 15). 

Grüss et al. (2014) used output from the oceanographic circulation model HYCOM and the 
Connectivity Modeling System to simulate larval transport of Red Grouper across the West 
Florida Shelf. This modeling system produced an index of recruitment deviations attributable to 
spawning-season oceanographic differences between 2003 and 2013 that could be 
incorporated into the stock assessment model Stock Synthesis III. Perhaps more importantly, 
this effort demonstrated a capability in larval transport modeling that could be applied to the next 
generation of down-scaled climate models. Changes in recruitment success due to shifts in 
circulation patterns could be explored with the approach used in the red grouper work. A similar 
effort was used previously to examine gag grouper (Mycteroperca microlepis) transport 
processes (Karnauskas et al., 2013). Sagarese et al. (2015) incorporated both larval transport 
indices and red tide indices in a Stock Synthesis model for red grouper. The incorporation of 
larval transport interannual variation accounted for roughly 33% and 58% of the variation in the 
estimated stock-recruitment deviations for red snapper and gag grouper, respectively 
(Karnauskas et al., 2013; Karnauskas et al., 2017). These efforts address the following RAP 
actions: S-RAP actions in objective 1 (no. 2, 3) and 3 (no. 15) and GMRAP actions under 
objective 1 (no. 1) and 3 (no. 15). 

Investigations of marine mammal UMEs now include the potential effects of climate and/or 
environmental parameters. Recently, Gulf UME investigations have included increased rainfall 
and freshwater inputs as a causal factor for the 2019 Northern Gulf dolphin UME and the role of 
red tide in the 2018 Southwest Florida UME. This addresses RAP actions under GMRAP 
objective 4 (no. 25). 

Additionally, an MSE specialist was hired at the SEFSC to address climate change 
considerations as well as other MSE needs. This scientist is located at the Beaufort Laboratory. 

7.3  Conclusions 
Overall Progress and Accomplishments  
Significant progress was made addressing RAP action items across a diverse range of climate-
related activities in the Southeast region (Table 7.1). In the context of this Progress Report, it is 
important to recognize that RAP development teams were given instructions to consider cases 
of level funding as well as increased funding when formulating RAP activities. These 
instructions, together with input from colleagues, stakeholders, and the public, led to the 
development of 62 actions for the GMRAP and 68 actions for the S-RAP (a total of 130 actions 
for the Southeast region). The highest priority actions in the GMRAP included 12 items, the S-
RAP identified 11 high-priority actions (a total of 23 actions). Accordingly, progress associated 
with this synthesis of RAP activities is measured by the degree to which high-priority actions 
were completed or addressed. There are differences in the percentage of completed priority 
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actions between the Gulf and the SEUSCS (Fig 7.1) and this reflects the fact that formal 
development of the GMRAP preceded that of the S-RAP. Activities in both the GMRAP and the 
S-RAP addressed all seven NCSS objectives. 
 
Table 7.1. A selection of Southeast activities addressing goals of the seven NCSS objectives. 
Informing Management (NCSS Obj. 1 – 3) 
 

• Climate and environmental information has been successfully incorporated into 
multiple assessments (e.g., AMO - bluefin tuna and swordfish; red tide - red and gag 
groupers; oceanographic circulation - larval recruitment of groupers and snappers; 
freshwater discharge and red tide - marine mammal UMEs) 

• A management strategy evaluation specialist was hired whose duties will include 
using MSE to identify harvest control rules that remain effective under anticipated 
climate changes 
  

Understanding Mechanisms and Projecting Future Conditions (NCSS Obj. 4 & 5) 
 

• Climate Vulnerability Assessments underway/completed in Gulf and SEUSCS for 
fisheries, marine mammals, and the GRNMS 

• Marine Assessment Programs for Protected Species in both the Gulf (GoMMAPPS) 
and the SEUSCS (AMAPPS). These efforts are federal partnerships between BOEM, 
USFWS, USN, NEFSC, and SEFSC to collect broad-scale information on the 
distribution and abundance of marine mammals, sea turtles, and sea birds in the Gulf 
and SEUSCS. The plan is to integrate these data with historic survey data and in situ 
remotely sensed oceanographic data to develop seasonally and spatially-explicit 
density estimates for priority species. 

• Social science indicators were developed to characterize the vulnerability and 
resilience of coastal fishing communities to climate change impacts such as sea level 
rise and storm surge, with additional indicators under development. 

• Southeast region scientists are participating in a coordinated response to stony coral 
tissue loss disease (SCTLD) that includes the establishment of a network of partners 
to address SCTLD impacting coral species in the region and greater Caribbean. 

 
Infrastructure and Tracking Change (NCSS Obj. 6 & 7) 
 

• Ecosystem Status Reports: updated for the Gulf and nearing completion for the 
SEUSCS 

• Coordination of and participation in workshops for advancing the use of climate 
science in NMFS activities (e.g., Atlantic Coast Coordination, Gulf Ecosystem 
Modeling, SEFSC-AOML Climate RAP-support Workshop, NMFS-OAR Climate-
Fisheries Initiative Workshop, GFDL-AOML Workshop, co-chaired Session 8 at the 
4th International Climate Symposium.) 

• Established a comprehensive plan for an in-water data collection program for sea 
turtles across the Gulf. The plan has been funded but is not yet in operational the field 

• A program to encourage rotational assignments between the SEFSC and SERO was 
developed, and although there have been no rotational assignments dedicated to 
climate change to date, the structure exists for future opportunities. 
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Gulf of Mexico 
 
Of the 62 actions in the GMRAP, 12 were identified as the highest priorities to be addressed or 
completed by 2020. Figure 7.1 shows that five of those 12 priority actions are complete (Actions 
31, 32, 36, 47, and 54); three were begun and are considered ongoing (Actions 15, 2, and 3); 
three are in progress (Actions 49, 38, 53); and one is planned to occur (Action 37). 
 

 
 
Figure 7.1. GMRAP and S-RAP progress on priority actions since 2015. 
 
South Atlantic 
 
Eleven of the 68 actions in the S-RAP were identified as priorities to be addressed or completed 
by 2020. Figure 7.1 shows that one of the priority actions is complete (Action 61); one is 
considered ongoing (Action 49); five are underway (Actions 1, 15, 31, 39, and 60); and four are 
planned to occur (Actions 32, 47, 56, and 41). 
 
Aside from the CVAs and standing up climate working groups, much of what was accomplished 
was not specifically targeted to address RAP actions. Rather, it was work that was undertaken 
largely for other purposes and identified as climate-related when appropriate. This approach 
was specified in the RAPs themselves because it was known a priori that there would be 
personnel and funding limitations. Moving forward (i.e., RAP 2.0), the RAP team believes that it 
would be better to have more work specifically dedicated to completing RAP objectives. 
Additionally, in contrast to the large number of potential actions presented in the original RAPs 
(130 action items), fewer, more strategic, and actionable activities would be a better path 
forward. Of course, climate science touches nearly all aspects of work in the Southeast region. 
While not specifically responding to future targeted RAP priorities, a number of different 
activities will continue to take place that will contribute to RAP efforts along with targeted 
priorities.  
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Activities outlined in this synthesis were supported by a variety of sources including NOAA 
RESTORE, NOS (in the form of salary support), Office of Science and Technology (EBFM), the 
OAR Climate Program Office (Modelling, Analysis, Predictions, and Projections - MAPP), and 
SEFSC/SERO base funding. Given the continued importance of climate change and likely 
increasing impacts, dedicated and consistent funding for climate-priority projects would be 
beneficial. In the future, requests for proposals could be generated based on priorities identified 
from RAP actions. For example, since the inception of the RAPs, a priority for headquarters has 
been CVAs and these have been supported by regional and headquarters leadership. Funding 
was made available for these activities with the result that CVAs will soon be completed across 
all NOAA regions. The clear identification of priorities, headquarters and regional support, 
together with funding availability will be needed to successfully advance additional RAP 
priorities in the future. 
 
A challenge faced by all Science Centers and Regional Offices is how to use climate science to 
inform fisheries, protected resources and/or habitat management. It is often the case that more 
pressing issues take precedence over climate science during day-to-day operations. In the 
Southeast region, however, there are several examples where the addition of climate-related 
information improved stock assessments (e.g., Schirripa et al., 2017; Sagarese et al., 2018; 
Walter et al., 2015) or informed the analyses of UME situations. Despite these successes, the 
region needs to find more “on ramps” for climate science to enter into the management 
decision-making process. This may involve presenting the results of climate science studies 
(i.e., vulnerability assessments and ecosystem status reports) at Council meetings and 
encouraging the Councils to consider the results of such studies in the development of fishery 
management actions. 
 
Biological opinions (BOs) serve an important role in consultations under Section 7 (a)(2) of the 
ESA. SERO Protected Resources Division (PRD) began incorporating climate change 
data/projections into relevant sections of the BOs. For instance, climate data inform Status of 
Species and Critical Habitat sections as well as Environmental Baseline and Cumulative Effects 
sections - all of which decide the Jeopardy/Adverse Modification determinations in the BOs. 
SERO PRD needs a dedicated and consistent approach to incorporating climate data (e.g., 
vulnerability assessments, forecasts of climate stressors such as sea level rise [SLR], etc.) into 
BOs. Ideally, this would facilitate movement toward modeling climate stressors such as SLR in 
order to forecast impacts to critical habitat (e.g., impacts to smalltooth sawfish of red mangrove 
loss due to SLR adjacent to armored shorelines). 
 
The development of a formal Gulf and SEUSCS climate team was a high priority action in both 
RAPs. A Southeast Regional Climate Team would include SEFSC, AOML, HMS, and SERO 
participants and others with regular meetings and communications. The team would help advise 
on climate policy and their collaborative expertise would be better able to respond to climate 
priorities and potentially compete for larger amounts of funding for climate science in the region. 
Although progress has been made toward establishing a robust climate team, further 
development of a climate team remains a high and critical priority. 
 
Overall, the Southeast region (both the Gulf and SEUSCS) has made considerable progress 
across a number of high priority areas, resulting in 16 publications that addressed NCSS 
objectives (Figure 7.2). In those areas where direct funding was available (e.g., the climate 
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vulnerability analyses), focused effort pushed the projects to either completion or nearing 
completion. However, the Southeast also made notable progress in unfunded areas. For 
instance, the incorporation of AMO, ENSO, and the phenology of the seasons into stock 
assessments, shelf productivity investigations, the SEUSCS ESR, and examinations of growth 
rates across fish species, respectively, were remarkable efforts that were either base-funded or 
relied on funding from other sources (e.g., SAIP). 
 
The Southeast region does have specific challenges with respect to applied climate science. 
The climate signal is not yet as pronounced as in the Bering Sea or the NEUSCS, and so other 
issues currently take precedence. This requires a proactive regional climate team finding 
appropriate avenues to introduce climate science into day-to-day operations in the Southeast 
region. The most direct paths forward will be to design climate research to generate products 
that are directly useful in specific applications such as stock assessments, UMEs, BOs, and 
ESRs. That said, the Scientific and Statistical Committee (SSC) recently (June 2020) 
recommended to the Council that several future stock assessments take the SEUSCS-CVA into 
account, suggesting some on-ramps for the inclusion of climate science in the management 
arena do currently exist. 
 

 
Figure 7.2. Number of RAP-related publications distributed by NCSS objective. 

 
In moving forward, the Southeast region needs to secure more direct funding for climate 
science, identify a relatively small number of high-priority, achievable actions for its RAPs, and 
work to develop a larger, more integrated applied research community that addresses regional 
needs. 
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