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Abstract 

Climate change is occurring in most geographic regions, affecting marine fishery resources and the 
communities that rely on them for livelihood. Effects include changes in distribution, abundance, 
and productivity. Managers need to understand which species are most vulnerable, as these changes 
are likely to intensify in the future. Traditional quantitative approaches require a large amount of 
resources and generally are not applicable to multiple species at once. A recently developed 
methodology for climate vulnerability assessments allows for the assessment of a wide range of 
species and uses both existing information and expert opinion to assess both the exposure of species 
to various climate stressors as well as the inherent biological sensitivity of species to that same 
stressor. The combination of exposure and sensitivity yields an overall climate vulnerability 
estimate. Here we conduct a climate vulnerability assessment on 71 species of commercially, 
recreationally, or ecologically important fish and invertebrate species found in riverine, estuarine, 
nearshore, and offshore waters of the southeast US Atlantic coast. Climate vulnerability refers to 
reduced productivity or abundance due to a changing climate. We determined that overall climate 
vulnerability is high or very high for almost two-thirds of species assessed, and the most impacted 
functional groups of species included deepwater reef fishes, diadromous fishes and invertebrates. 
Sea surface temperature, sea surface salinity, and ocean acidification were determined to be the 
exposure factors with the greatest impact on species. Slightly more than half of species assessed 
have a high or very high potential for a change in geographic distribution due to climate change. 
Negative effects of climate change were predicted for only 18% of species, while 31 species were 
expected to be positively affected. These results will aid scientists in focusing research efforts on the 
most vulnerable species and help fishery managers incorporate climate change into their decisions. 
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Introduction 

Anthropogenic climate change is of increasing concern to managers of living marine resources 
throughout the world. Climate change is projected to impact marine organisms in all geographic 
regions and across all trophic levels. Phytoplankton populations are affected by warming oceans, 
with implications for higher trophic levels [1]. Climate-influenced decreases to sea ice extent and 
chlorophyll-a concentrations in the southwest Atlantic Ocean led to corresponding decreases in krill 
abundance and the potential replacement of krill by salps, which are more tolerant of warmer 
seawater [2]. Climate-mediated changes to the environment have been shown to affect vital 
processes of fishes, including development [3], timing of reproduction [4, 5], and respiration and 
fitness [6, 7]. Timing of migratory movements of marine and anadromous fish stocks are subject to 
alteration in a changing climate [8, 9]. Additionally, there are many examples of marine species 
changing their geographic distribution in response to a warming thermal environment [10–14]. 

Until recently, most studies of climate effects on living marine resources involved linking single-
species population models to climate models [15]. These mechanistic studies often showed the 
impact of a changing climate on populations, but were difficult to conduct due to the large amount 
of labor and resources they require, even for a single species. An alternative that has arisen in recent 
years is the trait-based climate vulnerability assessment. Climate vulnerability is defined as a 
reduction in abundance or productivity of a species due to climate change. This method relies on the 
participation of experts to score both the biological attributes of the species that may make them 
resilient or sensitive to climate change and the magnitude of exposure of the species to the 
environmental variables expected to change as a result of future climate. A standard methodology 
for conducting climate vulnerability assessments (CVA) on large groups of marine species [16] has 
been used by the National Marine Fisheries Service (NMFS) to assess the climate vulnerability of 
marine fishes and invertebrates in multiple geographic regions [17-19]. 

While the effects of a changing climate may be more pronounced in more northerly areas such as 
Alaska or the northeast United States, changes have been observed in the southeast United States 
(SEUS) as well. A recently-completed ecosystem status report for the region noted changing trends 
in several climate-related environmental variables: increasing annual and decadal sea surface 
temperature, a decreasing trend in upwelling-favorable winds since 2016, accelerated rates of sea 
level rise since 2010, and an increasing trend in the amount of pCO2 in the atmosphere since 2010 
[20]. Recent meta-analyses have examined the potential effects of a changing climate on the 
distribution of marine species in the SEUS [12, 14]. 

Our objective in this study was to conduct a CVA on recreationally, commercially and ecologically 
important species of fish and invertebrates found along the SEUS Atlantic coast. Studies such as 
CVAs can be valuable to resource managers responsible for preventing overfishing [21, 22], as well 
as for climate resilience planning [23]. In addition to overall climate vulnerability, we assessed each 
species’ potential for changing its geographic distribution due to climate change, as well as the 
overall directional effect (positive, negative, or neutral) climate change would have on each species. 
A secondary but favorable outcome of the CVA process is the identification of a data quality metric, 
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generated during the expert scoring process, that will help identify data gaps and potential research 
needs going forward. 

Materials and Methods 

This study utilized a systematic methodology [16] that included the following steps: 1) defining the 
study area, 2) selecting species for inclusion in the assessment, 3) defining the biological sensitivity 
attributes used to assess the ability of a species to respond to climate change, 4) identifying climate 
exposure factors to include in the assessment, 5) recruiting a panel of expert scorers with knowledge 
of biology of each species, 6) constructing biological profiles of species to be assessed to assist the 
expert scorers, 7) developing species distribution maps, 8) scoring of climate exposure factors, 9) 
expert scoring of biological sensitivity attributes, 10) assessing uncertainty in overall climate 
vulnerability scoring using bootstrap analyses, 11) assessing the potential for each species to change 
its distribution, and 12) assessing the overall directional effect of climate change on each species. 

The CVA methodology uses life-history traits as biological sensitivity attributes and environmental 
variables as climate exposure factors, with assessment of both being classified in bins of low, 
moderate, high, or very high. The potential for species to alter their geographic distribution in 
response to a changing climate is also classified as low, moderate, high, or very high. The overall 
directional effect of climate change is characterized as positive, neutral, or negative. Informed 
expert judgment was used to arrive at scores for biological sensitivity attributes, overall directional 
effect of climate change, and data quality. Climate exposure factors for which data were available to 
download from NOAA’s Earth Systems Research Laboratory (ESRL) data portal in Boulder, 
Colorado [24] were scored directly using the climate model data. Two climate exposure factors, 
Gulf Stream-induced upwelling and sea level rise, for which data were unavailable for download 
from the ESRL data portal, were scored using informed expert opinion based on qualitative 
exposure factor descriptions developed by an expert scorer using current scientific literature. 

Study Area 
The geographic area included in this CVA extended from Cape Hatteras, North Carolina, through 
the Florida Keys in the SEUS, and includes the area extending from the river basins and estuaries to 
the seaward margins of continental shelves and the outer boundaries of the major current systems 
(Fig. 1). This area is known as the South Atlantic Large Marine Ecosystem (LME). While our 
primary focus was on fishes and invertebrates in marine waters of the SEUS continental shelf, 
estuarine and adjacent riverine systems were included due to the inclusion in our assessment of 
diadromous and estuarine-dependent species. 

Species Included in Assessment 
The primary goal of this CVA was to examine the vulnerability of a suite of marine fishes and 
invertebrates that occur throughout the LME. Criteria used to select assessed species included: 1) 
importance of the species in recreational or commercial fisheries landings, 2) whether the species 
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was currently assessed by federal or state fisheries stock assessments or managed under fisheries 
management plans (e.g., NMFS Southeast Data Assessment and Review (http://sedarweb.org), 
Atlantic States Marine Fisheries Commission’s Interjurisdictional Fisheries Management Plans, 
state-managed species), 3) if the species occupies ecologically important niches (e.g., forage 
species), and 4) if the species is listed as threatened (e.g. Nassau grouper) or endangered (Atlantic 
sturgeon) by definitions laid out in the Endangered Species Act. The candidate list was screened by 
a core group of three fisheries scientists from the National Marine Fisheries Service’s Southeast 
Fisheries Science Center for consensus concerning inclusion in the assessment. These scientists had 
an opportunity to add or remove species from the candidate list, and this initial process resulted in a 
total of 67 species selected for assessment. Outreach was conducted to other relevant management 
bodies (Councils, Commissions, and state agencies), and an additional four species were added, 
bringing the total assessed species to 71 (Table 1). The 71 species were divided into nine functional 
groups: Coastal Fish (n = 10), Coastal Pelagic Fish (n = 7), Diadromous Fish (n = 5), 
Elasmobranchs (n = 6), Invertebrates (n = 9), Forage Fish (n = 3), Pelagic Fish (n = 3), Reef Fish (n 
= 23), and Deepwater Reef Fish (n = 5). Species were assigned to functional groups based on life 
history characteristics as well as habitat preferences. Functional groupings were useful in assigning 
species to expert scorers, as well as providing an opportunity to assess the vulnerability of 
functionally similar species to climate change. 

Climate Exposure Factors 
Exposure is defined as the degree to which an organism will experience change in a particular 
environmental variable during a changing climate scenario. Environmental variables selected to 
serve as climate exposure factors were determined to have a potential impact on the survival, 
productivity, or distribution of the species. The climate exposure factors used in a climate 
vulnerability assessment are a simplified subset of the complete suite of environmental variables 
influencing a population. We examine these factors individually in this assessment, but there are 
often complex interactive relationships between factors, such as the reduced oxygen carrying 
capacity of seawater in a warming ocean environment [6], or the interaction with other 
stressors such as ocean acidification or hypoxia. The climate exposure factors, selected by a core 
group of participants as relevant for the SEUS LME, used were sea surface temperature, sea surface 
salinity, air temperature (proxy for estuarine and freshwater temperature), precipitation, sea surface 
pH (proxy for ocean acidification), sea level rise, and Gulf Stream-induced upwelling (Table 2). Sea 
surface temperature is an important environmental variable and has been linked to both productivity 
and geographic distribution [25, 12, 26]. Changes in sea surface salinity are likely to affect 
productivity by increasing energetic costs [27], or increasing mortality of early life stages of 
estuarine and riverine species due to increasing salinity in their nursery habitat [28]. While bottom 
temperature would be more appropriate than sea surface temperature for deepwater reef fishes, the 
spatial resolution of current climate models is too low for this variable to be useful. Similarly, we 
used air temperature as a proxy for estuarine and riverine water temperatures due to lack of spatial 
resolution in climate models in these areas. Effects of increasing ocean acidification include 
negative effects on survival and productivity of marine shellfish [29-31], direct effects on survival 
and productivity of fishes [32], indirect effects on fishes such as decreased prey quality [33], and 

http://sedarweb.org/
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negative effects on vital habitat (e.g., species that rely on scleractinian corals for both food and 
habitat; [34]. We used precipitation as a proxy for streamflow, an important input for diadromous 
and estuarine species. Effects of climate-mediated changes to ocean currents was incorporated into 
our assessment in the form of a Gulf Stream-induced upwelling exposure factor. Many species rely 
on a variety of ocean currents, both large- and small-scale, for transport and dispersal of larval 
stages [35]. Sea level rise was also included as a climate exposure factor. Sea level rise is now 
increasing an average 3.4 mm/yr globally [36] and will likely influence the population dynamics of 
fishes and invertebrates via alteration of marsh, seagrass, mangrove, coral, and estuary habitats. 

Biological Sensitivity Attributes 
A complex of 12 biological sensitivity attributes was used to judge the ability of each species to 
respond to a changing climate based on its inherent life history traits. The attributes used in this 
study were the default attributes identified in the NMFS CVA methodology [16] and have been used 
in all NMFS CVAs to date: habitat specificity, prey specificity, adult mobility, dispersal of early life 
stages, early life survival and settlement requirements, complexity in reproductive strategy, 
spawning cycle, sensitivity to temperature, sensitivity to ocean acidification, population growth rate, 
stock size status, and other stressors (Table 2). These 12 sensitivity attributes address characteristics 
across the full life history, from larval survival through fishery removal or natural mortality. Each 
sensitivity attribute has clearly defined end points to assist the expert scorers. For example, the 
spectrum of Adult Mobility was defined as ranging from ‘High Mobility’ to ‘Low Mobility’. A life 
history trait for mobility could fall anywhere across the spectrum defined by those end points. In the 
example of eastern oyster, a sessile invertebrate, mobility would be scored as low, and vulnerability 
to climate change for this sensitivity attribute would likely be judged as very high. Conversely, 
dolphinfish have extremely high adult mobility and might be expected to move to avoid adverse 
environmental conditions, thus climate vulnerability due to limited mobility for this species would 
thus be judged as low. A more detailed description of each of the 12 sensitivity attributes is 
compiled in Appendix A, along with recommendations to the experts on how to score the attributes. 

Expert Scorers 
Expert scorers were recruited from throughout the southeast region study area. Scorers were 
solicited from NOAA Fisheries Southeast Fisheries Science Center, NOAA Fisheries Southeast 
Regional Office, and the state marine fisheries management agencies for North Carolina, South 
Carolina, Georgia, and Florida. Academic researchers as well as retired scientists with relevant 
experience in the region were also recruited. Participants were asked to participate based on their 
knowledge of one or more functional groups of species. Other participants from the South Atlantic 
Fishery Management Council and the Atlantic States Marine Fisheries Commission recommended 
potential scorers, provided input on which species to include in the assessment, and participated in a 
weeklong workshop where sensitivity and exposure scores were discussed in person. 
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Preparation of Species Profiles 
Profiles summarizing biological and ecological information on the 71 species assessed in the study 
were developed to assist experts in assigning scores for biological sensitivity attributes. These 
profiles described multiple aspects (33 total) of the 12 sensitivity attributes evaluated for each 
species’ response to changing climate. The profiles were developed by consolidating available 
information from multiple sources, including scientific literature, stock assessment reports, and 
species information sheets developed by the Atlantic States Marine Fisheries Commission. In 
addition to a description of the life history traits of each species, the species profiles include a score 
for data quality, described in Table 3. The goal of the data quality metric is to identify attributes for 
which information may be absent or insufficient, thus providing information about data gaps and 
direction for future research. 

Species Distributions 
Initial geographic distributions of the 62 fish species assessed were obtained from the IUCN Red 
List distributional maps [37]. These were selected as starting points as they were a rigorously 
reviewed source of consistent spatial information. These IUCN distribution maps were imported 
into MATLAB [38] as ArcGIS shapefiles for analyses. Locations of ESRL data nodes were then 
layered into the distribution maps. Initial distributions of the nine invertebrate species were 
manually constructed using information from the scientific literature and commercial landings 
information from NMFS, and available grid nodes from the ESRL data portal were layered into the 
maps. After these initial distributions were generated for all species, an expert consultation ensued 
in which three core panel members discussed each distribution map to determine whether any data 
grid nodes should be added to or excluded from the final distribution based on local expert 
knowledge and scientific literature. Final maps with species distribution represented by the included 
data grid nodes were then generated. A species distribution map for red snapper is presented as an 
example in Fig. 2. 

Scoring of Biological Sensitivity Attributes/Qualitative Exposure Factors and 
Expert Certainty 
Sixteen scorers were assigned species based on their expertise within a specific functional group(s). 
Each scorer was asked to evaluate between 18 and 24 species, and each species was scored by five 
experts. Experts assigned scores for all 12 sensitivity attributes and the two qualitative exposure 
factors, for each assigned species. Species were scored across a spectrum of vulnerability, consisting 
of possible ratings of low, moderate, high, or very high vulnerability. Scorers were asked to account 
for any uncertainty in vulnerability scores by distributing their scores across the spectrum of 
vulnerabilities using a five-tally system. In the case of absolute certainty, a scorer could place all 
five tallies in a single vulnerability bin (e.g., eastern oyster would have very high vulnerability for 
adult mobility, thus a scorer would likely put all five tallies in the very high bin). In a more common 
case of uncertainty, tallies could be spread across multiple bins. Initial scoring was done using an 
online portal over several weeks. Scores were then tabulated and summaries of scores by species × 
attribute/factor were generated. An in-person workshop was then held where scorers discussed all 
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scores as a group and were given the opportunity to change their scores based on group discussions. 
Discussions were cordial and collegial and consensus was not expected nor required. 

The sea level rise climate qualitative exposure factor, described in Appendix B, was developed by 
examining contemporary rates of sea level rise and those projected through 2050 
(https://tidesandcurrents.noaa.gov/sltrends/sltrends.html [36,39]). The projections consider a number 
of climate and non-climate factors such as thermal expansion of seawater due to increasing 
temperature, melting of land ice in Greenland and Antarctic glaciers, vertical land movement due to 
global isostatic adjustment, sediment compaction, changes in metocean processes that alter sea 
surface heights (e.g., shifts in ocean currents, winds, air pressure), fossil fuel and groundwater 
withdrawals. The net result of these analyses is sea level is rising across the entire southeast U.S. 
coast, with the highest rates of increase, 9-10 mm/yr, found along the coasts of North Carolina and 
South Carolina [39]. Experts were asked to score individual species for exposure to sea level rise, 
based on their life history traits and projected sea level rise in their range, along a continuum 
ranging from low (not dependent on marsh, seagrass, mangrove, coral, or estuary habitats) to very 
high (rely on marsh, seagrass, mangrove, coral, or estuary habitats, and the relative sea level trends 
within their range are ≥ 9 mm/yr). Species with some dependency on affected habitats and residing 
in an area with projected sea level rise of 0-9 mm would be scored as having moderate or high 
exposure. 

Exposure to changes in Gulf Stream-induced upwelling was assessed by expert scorers with the aid 
of a descriptive account of the subject (Appendix C) developed after an extensive literature search. 
The Gulf Stream is the dominant oceanographic feature in the SEUS and is instrumental in 
transporting both nutrients and heat along the entire SEUS coast. Macronutrients (nitrate, phosphate, 
silicate) necessary for marine phytoplankton growth are delivered along the eastern continental 
margin of the United States from the Straits of Florida to Cape Hatteras [40] by Gulf Stream-
associated upwelling events of nutrient-rich North Atlantic Central Water (NACW). The Gulf 
Stream is part of the upper north-flowing limb of the Atlantic Meridional Overturning Circulation 
(AMOC), a large-scale circulation system that is a major transporter of heat from the tropics to the 
North Atlantic, carrying warm, near-surface waters (via the Gulf Stream) into far-northern latitudes 
and returning cold deep waters southward into the South Atlantic [40-42]. The Gulf Stream appears 
to be weakening along with the AMOC [43-47], and future climate change scenarios predict further 
weakening [48], which may have implications for regional primary and secondary productivity 
patterns if it results in declines in the magnitude, duration or frequency of Gulf Stream-related 
upwelling events. Scorers were instructed to use their expert knowledge of a species’ distribution to 
determine the extent to which overlap with the Gulf Stream occurs. Species that have a high overlap 
with the Gulf Stream and upwelling should have a higher exposure score than species that have low 
overlap. Exposure was then assigned on a continuum ranging from low (distributions overlap almost 
exclusively with inner shelf conditions) to high (distributions overlap almost exclusively with 
conditions on the middle or outer continental shelves, where changes in Gulf Stream transport, eddy 
propagation, and upwelling are expected to be experienced). For a species spending some of its life 
cycle in an area with nearshore currents or seaward where upwelling events occur, it was scored 
between low and high. If a species had a particular critical life stage, experts could weight their 
scores based on the areas where critical life stages occur. 

https://tidesandcurrents.noaa.gov/sltrends/sltrends.html
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Scoring of Quantitative Exposure Factors using Climate Model Projections 
Climate data for sea surface temperature, sea surface salinity, pH (representing ocean acidification), 
air temperature and precipitation were downloaded from NOAA’s ESRL Climate Change Portal 
(https://www.esrl.noaa.gov/psd/ipcc/). The data sets used were the average of an ensemble of 
models from the Fifth Coupled Model Intercomparison Project (CMIP5) using the Representative 
Concentration Pathway 8.5 (RCP 8.5) scenario, or the high emissions “business as usual” scenario, 
assuming little to no stabilization of greenhouse gases by 2100 [49]. Data for air temperature and 
precipitation were generated using 35 different models, sea surface temperature and sea surface 
salinity were derived from 25 models, and information on pH was derived from 11 models. Climate 
data from the ESRL Climate Change Portal were available as 1° gridded arrays containing mean 
fields and standard deviations for the periods of 1956-2005 (historical time frame) and 2006-2055 
(future time frame). Climate exposure data were prepared and analyzed in MATLAB [37]. Climate 
data were transformed into a standard deviation format (standardized anomaly) using the formula: 

(mean2006-2055 – mean1956-2005)/standard deviation1956-2005. 

An example of the sea surface temperature climate model output showing future climate projections 
and the difference in historical vs future periods (standard anomaly) for the South Atlantic LME is 
shown in Fig. 3, and full model output plots for other exposure factors can be found in Appendix D. 

Assessment of Overall Climate Vulnerability and Bootstrap Analysis 
Overall climate vulnerability was estimated by first assigning each scorer’s component (sensitivity 
attribute or exposure factor) a numerical value: 1 for Low, 2 for Moderate, 3 for High, 4 for Very 
High. Weighted mean component scores were then calculated across scorers’ tallies using the 
following formula [16]: 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =  
(𝐿𝐿 × 1) + (𝑀𝑀 × 2) + (𝐻𝐻 × 3) + (𝑉𝑉𝐻𝐻 × 4)

25
 

where L = number of low vulnerability tallies from scorers 

      M = number of moderate vulnerability tallies 

      H = number of high vulnerability tallies 

      VH = number of very high vulnerability tallies 

A logic rule (Table 4) was then used to convert weighted mean component scores into overall 
sensitivity and exposure scores for each species. For example, any species with three sensitivity or 
exposure weighted means ≥ 3.5 was given a Very High sensitivity or exposure score of 4, and 
species with two or more weighted means ≥ 3.0 were given a High score of 3.0. A logic model is 
used in lieu of simple averaging because the latter minimizes the importance of high scores. Finally, 
an overall vulnerability score is calculated by multiplying the overall sensitivity score by the overall 
exposure score. Overall climate vulnerability ranking is determined by the following scale: 1-3 Low 

https://www.esrl.noaa.gov/psd/ipcc/
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climate vulnerability, 4-6 Moderate climate vulnerability, 8-9 High climate vulnerability, 12-16 
Very High climate vulnerability. 

Uncertainty in overall climate vulnerability scores was assessed using bootstrap analysis. Scores 
across all experts for a given sensitivity attribute or exposure factor were drawn randomly, with 
replacement 5,000 times for the 12 sensitivity attributes and the two qualitative exposure factors. 
Overall vulnerability was calculated for each iteration, the outcomes of these iterations were 
recorded, and the proportion of the 5,000 iterations that scored in each overall vulnerability bin was 
enumerated. 

Species Distribution Change Potential 
Potential for species to change their geographic distribution in response to climate change was 
assessed as a function of four relevant sensitivity attributes: adult mobility, dispersal of early life 
stages, habitat specificity, and sensitivity to temperature. Highly mobile, thermally tolerant species 
with widely dispersed larval stages that are habitat generalists are more likely to be successful in 
adapting to a changing climate by shifting their distributions than sessile or low-mobility specimens 
with specific habitat requirements and restricted dispersal of larval stages [50]. To assess the 
distribution change potential of each species, we reversed the scores for the Habitat Specificity, 
Dispersal of Early Life Stages, and Adult Mobility attributes and applied the same logic rule we 
used in the overall vulnerability assessment to arrive at an overall potential ranking. 

Directional Effects of Climate Change 
Scorers assessed the directional effect of climate change for individual species by distributing four 
tallies across three bins: positive, negative or neutral (no effect). Five scorers assessed each species, 
and the scores were converted into numeric values: positive = 1, negative = −1, and neutral = 0. A 
weighted mean was then calculated across scorers and a final directional effect was assigned as 
follows: weighted means ≥ 0.333 were positive, weighted means ≤ −0.33 were negative, and −0.33 
≤ weighted means ≤ 0.33 were scored as neutral, or having no effect. 

Leave-One-Out Sensitivity Analysis 
We re-estimated the overall vulnerability score for each species by leaving out the scores for each 
sensitivity attribute or exposure factor, one at a time. Resulting distributions of numbers of changes 
in vulnerability ranks by attribute or factor provide insight into which ones are most influential in 
determining overall vulnerability rank. 

Functional Group Evaluation 
We assessed overall climate vulnerability, potential for species distribution change, and directional 
effect of climate change by functional group, in order to evaluate the similarity of vulnerability 
ranks across functional groups. Additionally, sensitivity attribute scores among and within 
functional groups were examined using principal components analysis. 
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Species Vulnerability Narratives 
Species narratives were developed for all 71 species to present information on vulnerabilities 
associated with exposure factors or biological sensitivities, and were intended to augment the 
general results of relative vulnerabilities across species. The narratives contain the distribution of 
tallies across vulnerability bins, the component exposure/attribute rankings, the overall climate 
vulnerability rank, and scores for potential for distribution change. In addition, a summary of the life 
history of each species and a description of relevant climate effects on that species is included. 

Results 

Overall Climate Vulnerability 
The 71 species assessed were fairly equally divided between three climate vulnerability ranks: very 
high (31%, n = 22, red), high (34%, n = 24, orange) and moderate (35%, n = 25, yellow) (Fig. 4). 
No species were ranked in the low overall climate vulnerability category. Climate exposure scores 
for nearly all species (70 out of 71) were very high, with a single species, Atlantic sturgeon, having 
a climate exposure score of high. Biological sensitivity scores were distributed relatively equally 
among the three lower ranks (low, 35%; moderate, 34%, high, 31%), with only Atlantic sturgeon 
categorized as having very high sensitivity. Bootstrap analyses to assess the likelihood that species 
vulnerability rankings could change based on differences among species in individual expert scores 
showed a high certainty in the likelihoods of a majority of the species, with 70% of species having 
>90% certainty, while 24% of species had certainty scores between 60-90%. Only 6% of species 
had certainty scores <60%. One species, white grunt, had a >0.25 probability of moving one rank 
higher, from moderate to high, while two species, American eel and snook, had a >0.25 probability 
of moving one rank higher from high to very high. Four species (hogfish, striped bass, blueline 
tilefish, golden tilefish) had a >0.25 probability of moving one rank lower from very high to high, 
while four species (spotted seatrout, black drum, yellowtail snapper, almaco jack) had a >0.25 
probability of moving one rank lower from high to moderate. 

Potential for Change in Species Distribution 
The majority of species assessed (n = 40, 56%) exhibited a high or very high potential for a species 
distribution change (Fig. 5). Twenty-four species were determined to have a moderate potential for a 
changing distribution, and seven were deemed to have a low potential for changing distribution. The 
species with the highest vulnerability to climate change (and therefore to a change in productivity or 
abundance) are also likely to have the lowest potential to change distributions. This general negative 
relationship is supported in the U.S. South Atlantic LME when examining the potential for 
distribution change versus overall climate vulnerability (Fig. 6). Of the seven species with a low 
potential for distribution change in this study, five have a very high overall vulnerability ranking and 
two have a high ranking. Fourteen of the 24 species with a moderate potential for distribution 
change had a very high overall vulnerability ranking, while seven species had a high ranking and 
three had a moderate ranking. Of the 40 species with high or very high potential for distribution 
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change, the majority (n = 23) had only a moderate overall climate vulnerability, while 14 species 
were ranked high for climate vulnerability and three species were ranked very high. 

Directional Effect of Climate Change 
Negative impacts of climate change were predicted for only 18% (n = 13) of species assessed in this 
study (Fig. 7). These species include five diadromous species (striped bass, American eel, American 
shad, blueback herring, Atlantic sturgeon) and five invertebrate species (brown shrimp, eastern 
oyster, horseshoe crab, rock shrimp, Caribbean spiny lobster), as well as three species that have 
histories of over-exploitation (Nassau grouper, snowy grouper, spiny dogfish). Positive effects of 
climate change are expected for 21 species (30% of species assessed), including commercially and 
recreationally important reef fish species (red snapper, vermilion snapper), common coastal inshore 
species sought by anglers (red drum, spotted seatrout), and important forage fish species (anchovies, 
pinfish). The directional effect of climate change on the majority of species (37 species, 52%) was 
anticipated to be neutral (neither positive or negative effects). 

Evaluation of Sensitivity Attributes and Exposure Factors 
There was no clear dominant attribute among the 12 sensitivity attributes for all 71 species (Fig. 8). 
The highest scores belonged to attributes relating to reproduction and spawning (Early Life History 
Survival and Settlement, Spawning Cycle, Reproductive Complexity) and population viability 
(Population Growth Rate, Stock Size Status). These results were supported by the leave-one-out 
sensitivity analysis, which showed that Population Growth Rate and Stock Size Status were most 
important in determining vulnerability to climate change, with rankings changing for 12 and 9 
species, respectively, when those attributes were eliminated from the analyses (Fig. 9). The relative 
contribution of each sensitivity attribute for each species is visualized in Fig. 10. The most 
vulnerable species were the anadromous fishes (Atlantic sturgeon, blueback herring, American 
shad). Attributes most influential in sensitivity ranking for these species were those dealing with 
early life history survival and dispersal, reproduction, and exploitation (Stock Size Status). Eastern 
oyster had very high scores in Adult Mobility, Sensitivity to Ocean Acidification, Sensitivity to 
Temperature, and Other Stressors. Several species with a history of overfishing (Nassau grouper, 
goliath grouper) as well as most deepwater reef fish had high sensitivity scores, and Population 
Growth Rate, Stock Size/Status, and Spawning Cycle were major influences. The least vulnerable 
species were pelagic species (dolphinfish, little tunny, wahoo). Ocean Acidification and Sea Surface 
Salinity were determined to be the most important exposure factors, with all 71 species scored as 
very high exposure for Ocean Acidification, and 70 species scored as very high for Sea Surface 
Salinity. Sea Surface Temperature was the next most impactful exposure factor, with 50 species 
scoring as very high exposure. Sensitivity analyses showed removal of each of these factors from 
the scoring resulted in the changing of the vulnerability scores of 46, 45, and 36 species, 
respectively. 
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Functional Group Vulnerability Results 
Functional groups with very high climate vulnerability were Deepwater Reef Fish (100%), 
Diadromous Fishes (80%), Benthic Invertebrates (66%), and Reef Fishes (26%) (Fig. 11). 
Additionally, one of the six Elasmobranch species exhibited very high climate vulnerability, while 
four were scored as high. Pelagic Fishes all scored as moderate for climate vulnerability, while 
Coastal Fishes and Coastal Pelagic Fishes were split between moderate and high vulnerability. No 
functional groups contained any species with low overall climate vulnerability. In terms of potential 
for distribution change, all Pelagic Fishes have high or very high potential for distribution change, 
while Coastal Pelagics, Forage Fishes, and Elasmobranchs all had high potential. The majority of 
Coastal Fishes species (70%) had high potential, while the rest had moderate potential. Diadromous 
Fishes and Benthic Invertebrates were distributed between low potential and high potential for 
distribution change. Reef Fishes were equally split between moderate and high potential, while all 
Deepwater Reef Fishes species were estimated to have a moderate potential for distribution change. 
Functional groups with species expected to undergo negative effects from climate change as 
indicated by directional effects scoring include Benthic Invertebrates, Diadromous Fishes, 
Deepwater Reef Fishes, Reef Fishes and Elasmobranchs, although the majority of Deepwater Reef 
Fishes, Reef Fishes and Elasmobranchs were expected to undergo either positive or no effect from 
climate change. Functional groups with no species expected to undergo negative effects include 
Forage Fishes, Pelagic Fishes, Coastal Pelagic Fishes, and Coastal Fishes. 

Principal components analysis shows most species were located proximal to other species within 
their functional groups (Fig. 12), suggesting that species within a given functional group have 
similar sensitivities. The functional group Reef Fishes was the exception, showing wide variability 
across the PC1 axis. The attributes most strongly influencing the PCA results were Stock Size 
Status, Population Growth Rate and Complexity in Reproductive Strategy, explaining 41% of the 
variance, followed by Sensitivity to Ocean Acidification, Population Growth Rate, and Adult 
Mobility, with these attributes explaining another 21% of the variance. 

Species Vulnerability Narratives 
Species narratives (Appendix E) were developed to detail species-specific climate vulnerabilities 
associated with various exposure factors or biological sensitivities. The narratives provide a graphic 
summary of the distribution of scores across vulnerability bins, the component exposure/attribute 
rankings, overall climate vulnerability rank, and scores for potential for distribution change. Life 
history summaries and a description of relevant climate effects on the species are also provided. 

Discussion 

The results of this CVA, which examined the susceptibility of 71 species of fish and invertebrates 
within the South Atlantic LME to reduced productivity or abundance because of changing climate, 
found that almost two-thirds (n = 46 of 71 species; 65%) exhibited high or very high vulnerability 
(Fig. 4). In addition, more than half of species assessed had high or very high potential for changes 
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in distribution, a phenomenon already occurring farther north along the U.S. Atlantic coast, and is 
anticipated in the SEUS [14, 51]. Although none of the species assessed are expected to be entirely 
immune to climate effects, approximately half are predicted to experience neutral impacts overall 
with smaller proportions experiencing positive or negative effects. These results are similar to the 
findings of the Northeast U.S. Continental Shelf CVA, which found 60% of species assessed had 
high or very high overall climate vulnerability, while 50% of species had a high or very high 
potential to shift their distribution. 

Ocean Acidification, Sea Surface Salinity, and Sea Surface Temperature were the environmental 
factors expected to undergo the greatest magnitude of change by 2055 in the SEUS. These three 
exposure factors had mean scores ≥ 3.5 for all but one species, Atlantic sturgeon. This result 
triggered the logic rule [16], resulting in very high climate exposure designation for these species. 
Atlantic sturgeon was influenced more by Air Temperature, a proxy in this analysis for water 
temperature for riverine and estuarine species, and thus exposure for Sea Surface Temperature was 
not scored as very high by experts. The findings of this CVA are similar to the results of the CVA 
carried out for the Northeast U.S. Continental Shelf [17], which found Sea Surface Temperature, 
Ocean Acidification, and Air Temperature were the most impactful exposure factors. 

The projected changes in global oceanic pH, predicted to decrease by 0.14-0.35 units by the year 
2100 [52, 53], are higher than any changes inferred from the fossil record for the previous 200 
million years [54, 55]. Increasing ocean acidification has been shown to have direct impacts on 
marine fish, such as negatively affecting reproduction in marine teleosts [56]. Impairment of sensory 
abilities that enable larval fish to find suitable settlement habitat may also be attributable to 
increasing ocean acidification [57], although there is conflicting evidence and this is an area of 
active research (58, 59). Indirect effects include modifying the suitability of habitat important to fish 
or shellfish [60, 61], while indirect impacts include increasing conditions favorable for development 
of algal blooms, thereby potentially affecting survival and fitness [62]. Direct impacts on marine 
invertebrates are similar, with one study finding increasing acidification led to decreasing larval 
size, abnormal development and near-total larval mortality of one species of brittle star [63]. 
Increasing ocean acidification is expected to negatively impact larval survival and reproduction of 
mollusks, which will in turn lead to decreased population size, as well as changes in geographic 
distribution and community structure of these ecosystems [64]. Increasing acidification significantly 
lowered calcification rates in two species of shellfish [65], potentially affecting not only the coastal 
aquaculture economies that depend on these species, but also the human communities that depend 
on their role as ecosystem engineers in coastal ecosystems. Important reef-building corals such as 
the genus Porites have been shown to undergo as much as a 20% decline in skeletal density due to 
decreases in pH of seawater [66], thus threatening the integrity of the reef ecosystems they anchor 
and contributing to the degradation of the ecosystem services and coastal protections from extreme 
weather that reefs provide. Research into the effects of ocean acidification on marine fishes and 
shellfishes should continue to be prioritized in order to provide the best available scientific advice to 
management bodies on the effects of climate-driven environmental changes on LMRs, including the 
development of stock assessment models that include inputs for these changing variables. 
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Mean global sea surface temperature has increased 0.5°C since 1961 and is expected to increase by 
1–3°C by the year 2100 [67]. Even small increases in sea surface temperature could have negative 
effects on marine fishes, including impacts on physiology [68, 69] and distribution [70]. 
Biodiversity is expected to decrease in tropical regions, partly as a result of thermally-driven local 
extinctions [71, 72], and partly due to range shifts of species to more poleward, thermally suitable 
waters. Increasing ocean temperature can also increase metabolic rates for marine organisms, 
causing a demand for more oxygen; however, increases in ocean temperature will decrease the 
availability of dissolved oxygen, thus affecting development, fitness and survival of marine biota 
[72-74]. While many studies have examined the effects of temperature on larval development and 
survival [75, 76] and reproduction of marine species [77], there are still substantial knowledge gaps. 
There have been some initial attempts at including environmental variables such as sea surface 
temperature in optimizing survey design [78] and modeling stock assessment results [79, 80], but 
research on the effects of temperature on productivity, abundance, and distribution of marine biota 
should continue in order to provide the best scientific advice to management bodies. 

Salinity has been predicted to increase significantly in the subtropical Atlantic as a result of 
anthropogenic climate change [81]. The conventional explanation for this result is climate change 
will enhance the global water cycle, resulting in wet regions becoming wetter and dry regions, such 
as subtropical ocean areas, becoming drier [82]. These regions are also expected to get warmer, 
enhancing evaporation and leading to potentially higher salinity. One study found salinity was 
influenced by temperature, and when both variables were considered in the models, the entire 
Atlantic Ocean has a positive salinity trend [83]. For this CVA, climate models determined salinity 
exposure to be very high for 70 of 71 species. Very high salinity exposure, in combination with very 
high sea surface temperature and ocean acidification exposures, invoked the logic rule and resulted 
in an overall climate exposure component of very high for these species. This result was the driving 
reason behind why all species in the assessment ranged from moderate to very high overall climate 
vulnerability (i.e., no low vulnerability species). This result was distinctly different from the NEUS 
CVA, where salinity exposure was not high and 25% of species were classified as low overall 
climate vulnerability [17]. Sea surface temperatures are likely to continue to increase [84], and the 
synergistic effects of temperature increases on salinity dictate prudence when continuing to conduct 
basic experimental research on the effects on salinity on LMRs (e.g., [27]) with the goal of 
parameterizing these environmental variables for inclusion into stock assessments and other fishery 
management decision-making processes. 

Other important climate exposure factors were sea level rise and Gulf Stream-induced upwelling. 
Sea level rise is increasing due to thermal expansion of seawater, as well as the accelerated melting 
of continental ice sheets in the polar regions. Increases of as much as 0.59 m above 1999 levels are 
predicted [53], while an analysis of altimeter data shows the rate of sea level rise doubling by 2100 
[85]. Another study predicted increases of as much as 1.0 m by century’s end based on a linear 
projection of past sea level rise [86], although critics note this study only considered the melting of 
alpine glaciers in their predictions, but not continental ice sheets, which could generate a sea level 
rise of up to 5 m [87]. More recent predictions indicate this pattern of increasing sea level rise will 
continue through at least the remainder of this century [36] with a worst-case scenario of 2.5 m of 
sea level rise by 2100 [39]. Sea level rise is expected to be acute in the SEUS, particularly in the 
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states of Georgia and North Carolina (see Appendix B). Whether the actual rise is 1 or 5 m, it 
appears many coastal communities and important marine habitats will be at risk. The potential exists 
for displacement or alteration of valuable seagrass and mangrove habitats [88-90], important nursery 
areas for many species of fishes and shellfishes. 

Climate models predict a general weakening of global circulation patterns by the year 2100 [46, 53]. 
Current data indicates a weakening of the AMOC [45, 91, 92]. Slowing oceanic circulation will 
likely decrease the amount of coastal water exchange mechanisms (e.g., eddies, upwelling), thus 
negatively impacting nutrient and larval transport. In addition, these upwelled water masses can be 
nutrient rich, enhance primary production and zooplankton assemblages, serve as nursery areas by 
providing a rich food supply for larval fishes spawned in or entrained into eddies, and can 
translocate larval fishes across the shelf [93, 94]. In addition to nutrient transport, the AMOC acts as 
a heat transport mechanism, transporting heat from the tropics to more poleward regions. Slowing 
circulation patterns could have significant implications for tropical areas that are already warming. 

Examination of expert scores for biological sensitivity attributes indicate no individual attribute was 
as dominant as the exposure factors, but attributes related to reproduction, and larval survival and 
settlement had the highest scores (Fig. 8), followed closely by Other Stressors, Habitat Specificity, 
Dispersal of Early Life Stages, and Sensitivity to Ocean Acidification. The score for Sensitivity to 
Ocean Acidification was also notable, mirroring the results from the exposure factor scoring. These 
results reflect the concern marine organisms face a variety of threats from a changing climate, 
including reduced larval survival and impaired development, as well as climate-induced changes to 
phenology that might affect optimal linkages between spawning and food availability. Both of these 
scenarios could lead to reduced abundance and productivity of marine fish stocks in the SEUS. 
Other Stressors include anthropogenic impacts such as pollution, algal blooms, and habitat alteration 
(e.g., dredging, development, damming rivers). These stressors could exacerbate the well-being of 
species already stressed by a changing environment, and are likely to have the greatest impact on 
species with an estuarine, riverine, or nearshore component to their life cycle, notably anadromous 
or invertebrate species, which are some of the most vulnerable in our assessment. The influence of 
Population Growth Rate and Stock Size Status reflect the added vulnerability of overexploitation to 
recovery in the face of climate change and figures prominently in the designation of highly and very 
highly vulnerable to several species of exploited deepwater reef fishes (e.g., speckled hind, warsaw 
grouper, tilefish, blueline tilefish). The life strategies of these species (long-lived, slow-growing, 
late to mature) make them less likely to be able to recover from climate-driven population 
disruptions. 

Previous studies have emphasized the importance of considering adaptive capacity in assessing the 
vulnerability of a species to climate change [95]. Adaptive capacity is the potential for a species to 
respond to environmental change by either 1) moving when environmental conditions deteriorate, 2) 
undergoing physiological or phenotypic changes that dampen the negative impacts of the 
environmental change, or 3) undergoing genetic adaptation in order to adapt to the changing 
environment. Adaptive capacity and sensitivity are often considered to be closely related, and some 
of the sensitivity attributes used in this study can be considered indicative of adaptive capacity. 
Adult mobility is an important component of adaptive capacity [96], allowing species to relocate to 
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more favorable environments. Plasticity in phenotypic responses to changing environmental 
conditions are built into the sensitivity attributes in the form of sensitivities to temperature and 
ocean acidification, as well as in the attributes concerning habitat or prey specificity. A species able 
to adapt in these areas is more likely to be successful in adapting to a changing climate. While still 
understudied, the ability of marine organisms to adapt genetically to climate change is the subject of 
increasing research in recent years [97]. 

Although there is considerable documentation of distributional shifts of marine species in the mid- 
and northeast Atlantic regions of the United States [25, 51, 98], there is limited documentation of 
shifts in the SEUS, likely due to the fact SEUS continental shelf waters have not, to date, 
experienced the magnitude of temperature increases documented farther north along the U.S. 
Atlantic coast. There are recent anecdotal reports of important species such as dolphinfish being less 
abundant or available in the southeast, and fishermen that participated in workshops to examine this 
problem hypothesized temperature or other physical factors were a driver behind the recent paucity 
of dolphinfish in otherwise suitable habitats (abundant sargassum lines filled with bait fish) [99]. 
Dolphinfish and wahoo were scored as low in their biological Sensitivity to Temperature and as 
having a high potential for changing their distribution. While it is probably easier for free-
swimming, eurythermal pelagic species such as these to shift their distribution in search of a more 
optimal temperature profile, if the ocean warms to the extent predicted by global climate models in 
the next half-century many more species may shift their geographic ranges northward in search of 
more optimal thermal profiles. Unfortunately, the species most vulnerable to an increasingly harsh 
climate are likely to be those species with the lowest potential to change their distribution – sessile 
invertebrates such as the eastern oyster, or anadromous species such as American shad or Atlantic 
sturgeon that are obligate users of vulnerable inshore habitats. 

While the results for this assessment are presented at the species level, the functional grouping 
results provide useful information about the general responses of specific groups of fishes to climate 
change. Benthic Invertebrates, Deepwater Reef Fishes and Diadromous Fishes are the most 
vulnerable to climate change (Fig. 11). Caution should be used when assessing climate 
vulnerabilities at the functional group level, as species-specific sensitivities could be missed. For 
instance, while several species in the Reef Fishes functional group are in the high vulnerability 
category (Fig. 11), principal components analysis of biological sensitivity attributes show that Reef 
Fishes have a wide spread along the first principal component axis (Fig. 12) and assigning a coarse 
rank of vulnerable to all species within a functional group without considering sensitivities of 
individual species could lead to erroneous conclusions. 

The goal of this study was to broadly and rapidly assess the climate vulnerability of a large number 
of important marine fishes and invertebrate species in the South Atlantic LME based on individual 
biological traits. While the completion of this effort took substantial resources and the involvement 
of a large number of people, it is true other methods currently used to assess climate vulnerability, 
such as mechanistic climate-population models [15, 100], are also resource-intensive methods, and 
it would likely take a considerable amount of time and resources to complete individual models for 
the 71 species we assessed in this study. 
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We anticipate the results from this study will be useful to managers in several ways. Information 
from the species vulnerability narratives contain a wealth of information and could be used as 
briefing material to present to fishery management councils in advance of particular assessments. 
The species narratives from the West Coast salmon CVA [19] were used in recent status reviews for 
Endangered Species Act requirements and recovery plans. In addition to informing regulatory 
processes such as fishery management plans, endangered species listings, National Environmental 
Policy Act impact statement decisions, and Biological Opinions, results can be used by fishery 
management councils to inform policy decisions. For example, results from the northeast CVA [17] 
were used by the Mid-Atlantic Fishery Management Council in risk scenario planning for evaluation 
of risks to managed species (https://www.mafmc.org/s/EAFM-Doc-Revised-2019-02-08.pdf). 
Results from the Bering Sea CVA [18] have been considered in discussions of prioritizing species 
for stock assessments. The results will contribute to continued development of Ecosystem-Based 
Fisheries Management, as well as add value to the current practice of single-species stock modeling 
by informing scientists which environmental variables might be most appropriate to consider in 
future species-specific modeling efforts. Species-specific results can be used to assess the 
vulnerability of fishing communities to a changing climate [101, 102] or in habitat vulnerability 
assessments [103]. 

We consider this effort to be just the first iteration of periodic climate vulnerability assessments for 
marine species. Future CVAs should benefit from improvements to the suite of global climate 
models. Higher resolution models combined with regional downscaling may allow the inclusion of 
environmental variables such as bottom temperature, which would greatly benefit the scoring of 
species such as deepwater reef fishes. Emission scenarios other than RCP 8.5 could be considered 
for predictive purposes. Information about species-specific phenotypic responses to environmental 
change or genetic adaption could be included as it becomes available to improve our assessment of 
adaptive capacity. The species list should be reviewed for inclusion of important species not 
assessed here. Species profiles can certainly be improved as new studies become available, allowing 
for more informed scoring by the expert panel. The expert panel of scorers can be revised to include 
a broader array of scientists beyond the mostly fishery scientists whom we included here. This 
process is time- and resource-intensive and should be done along similar time frames as current 
single-species stock assessments, integrated ecosystem assessments, or even the IPCC climate 
assessments. The value of this type of assessment is in its linkages to other assessments used to 
inform managers and policymakers of the potential vulnerability of ecological and social systems to 
climate change. This work supports the continued use of Ecosystem-Based Management and 
provides resources for managers concerned with climate adaptation of fisheries. 
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Figures 

 

Figure 1. Study area for the climate vulnerability assessment. (A) East coast of the U.S., and (B), the 
U.S. South Atlantic Large Marine Ecosystem. 
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Figure 2. Species distribution of red snapper (Lutjanus campechanus) used in Climate Vulnerability 
Assessment. Red circles indicate all data nodes available in the ESRL data portal. Red crosses 
indicate data nodes selected to include in assessment and the assumed distribution. 
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Figure 3. Results of Climate Modeling for Sea Surface Temperature. Outputs are from the Earth 
Systems Research Laboratory Data Portal. Left panel shows the temperature for the projected 
period, 2006-2055, while the right panel shows the standard anomaly between projected period and 
the past period (1956-2005). 
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Figure 4. Overall climate vulnerability scores for South Atlantic Climate Vulnerability Assessment. 
Colors indicate degree of vulnerability: Low (green), Moderate (Yellow), High (orange), Very High 
(red). Bolding indicates ≥0.25 probability score is one vulnerability rank higher. Italics indicate 
≥0.25 probability that score is one vulnerability rank lower. * indicates bootstrap analysis found the 
greatest probability of outcomes one rank lower (high) than the categorical rank (very high). ** 
indicates bootstrap analysis found the greatest probability of outcomes one rank higher (very high) 
than the categorical rank (high). 
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Figure 5. Potential for species distribution change. Species are grouped by their potential to change 
their distribution due to climate change: Green (low), yellow (moderate), orange (high), red (very 
high). Potential was estimated using a subset of biological sensitivity attributes: Habitat Specificity, 
Sensitivity to Temperature, Adult Mobility, Dispersal of Early Life Stages. 
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Vermilion Snapper
Red Porgy
Bonnethead Shark
Bluefish
Greater Amberjack
Striped Mullet
Striped Bass
American Eel
King Mackerel
Almaco Jack
Lane Snapper
Dusky Shark
Blue Runner
Spanish Mackerel
Gray Snapper
Little Tunny
Mutton Snapper
Black Sea Bass
Sandbar Shark
Spiny Dogfish
Atlantic Menhaden

Dolphin
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Figure 6. Potential for species distribution change in relation to overall climate vulnerability. 
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Figure 7. Directional effects of climate change. Colors indicate the expected overall effect of climate 
change: negative (red), positive (green), neutral (tan). 
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Figure 8. Distribution of mean scores of sensitivity attributes (top) and climate exposure factors 
(bottom). Central bars represent the median, hinges represent the 25th and 75th percentiles, and 
whiskers extend from hinges to the largest value no further than 1.5 * the inter-quartile range. 
Circular points represent outlying mean scores.  

A. 

B. 
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Figure 9. Sensitivity Analyses. Results of sensitivity analyses examining the effects of individual 
sensitivity attributes (A) or climate exposure factors (B) on the overall climate vulnerability rank 
across 71 species.  

0

2

4

6

8

10

12

14

N
um

be
r o

f C
ha

ng
es

 in
 C

lim
at

e 
Vu

ln
er

ab
ili

ty

0

10

20

30

40

50

Sea Surface
Temperature

Surface
Salinity

Air
Temperature

Precipitation Ocean
Acidification

Sea Level
Rise

Currents

N
um

be
r o

f C
ha

ng
es

 in
 C

lim
at

e 
Vu

ln
er

ab
ilit

y



 

34 
 

 

Figure 10. Relative contribution of each sensitivity attribute to overall sensitivity scores for all 71 
species. Average sensitivity attribute scores for each species are shown as spokes. The 'Key' 
subgraph in the bottom row represents a model in which all 12 attributes have a score of 4.0 (the 
maximum). The habitat specificity attribute is shown as the spoke pointing directly to the right. 
Moving counterclockwise, the spokes then represent Prey Specificity, Adult Mobility, Early Life 
Stage Dispersal (pointing directly up), Early Life History Survival and Recruitment Requirements, 
Complexity in Reproductive Strategy, Spawning Cycle (pointing directly left), Sensitivity to 
Temperature, Sensitivity to Ocean Acidification, Population Growth Rate (pointing directly down), 
Stock Size/Status, and Other Stressors. The length of each spoke indicates the degree of contribution 
of that attribute to the overall sensitivity.  
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Figure 11. Functional groups. Number of species in each functional group by (A) overall climate 
vulnerability. (B) potential for distribution change and (C) directional effect of climate change. 
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Figure 12. Principal Components Analysis of Species Sensitivity by Functional Group. PC1 
explained 41.4% of the variance and was strongly influenced by Stock Size/Status (SSS), Population 
Growth Rate (PGR), and Complexity in Reproductive Strategy (CRS). All biological sensitivity 
attributes were positively loaded on PC1. PC2 explained 21.1% of the variance and was most 
influenced by Sensitivity to Ocean Acidification (SOA), Population Growth Rate, and Adult 
Mobility (AM). Most species are located in close proximity to other species in their functional 
groups. This suggests species within the same functional group have similar sensitivity levels to the 
biological attributes. However, there is a lot of variability for the Reef Fish functional group and this 
group has a wide spread along PC1. Assessing climate vulnerabilities at the functional group level 
might be appropriate for most species; however, individual sensitivities for species in the Reef Fish 
group may be missed when aggregating into functional groups. The amount of overlap among the 
groups is variable with Pelagics, Sharks, and Invertebrates showing the least amount of overlap with 
other functional groups and high overlap among the Coastal Pelagic and Coastal functional groups. 
Most of the spread within functional groups is along PC1, however, the spread for Invertebrates is 
larger along PC2 instead of PC1. 
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Tables 

Table 1. Species assessed in the South Atlantic Fish and Shellfish Climate Vulnerability 
Assessment. Assigned functional group, common name, and scientific name of the 71 fish and 
invertebrate species included in the South Atlantic Fish and Shellfish Climate Vulnerability 
Assessment. 

Functional Group Common Name Scientific Name 
Coastal Fish Atlantic croaker Micropogonias undulatus 
Coastal Fish Black drum Pogonias cromis 
Coastal Fish Red drum Sciaenops ocellatus 
Coastal Fish Sheepshead Archosargus probatocephalus 
Coastal Fish Common snook Centropomus undecimalis 
Coastal Fish Southern flounder Paralichthys lethostigma 
Coastal Fish Spot Leiostomus xanthurus 
Coastal Fish Spotted seatrout Cynoscion nebulosus 
Coastal Fish Striped mullet Mugil cephalus 
Coastal Fish Weakfish Cynoscion regalis 
Coastal Pelagic Fish Almaco jack Seriola rivoliana 
Coastal Pelagic Fish Blue runner Caranx crysos 
Coastal Pelagic Fish Bluefish Pomatomus saltatrix 
Coastal Pelagic Fish Cobia Rachycentron canadum 
Coastal Pelagic Fish Greater amberjack Seriola dumerili 
Coastal Pelagic Fish King mackerel Scomberomorus cavalla 
Coastal Pelagic Fish Spanish mackerel Scomberomorus maculatus 
Diadromous Fish American eel Anguilla rostrata 
Diadromous Fish American shad Alosa sapidissima 
Diadromous Fish Atlantic sturgeon Acipenser oxyrinchus 
Diadromous Fish Blueback herring Alosa aestivalis 
Diadromous Fish Striped bass Morone saxatilis 
Deepwater Reef Fish Blueline tilefish Caulolatilus microps 
Deepwater Reef Fish Snowy grouper Epinephelus niveatus 
Deepwater Reef Fish Speckled hind Epinephelus drummondhayi 
Deepwater Reef Fish Tilefish Lopholatilus chamaeleonticeps 
Deepwater Reef Fish Warsaw grouper Epinephelus nigritus 
Elasmobranchs Atlantic sharpnose shark Rhizoprionodon terraenovae 
Elasmobranchs Bonnethead shark Sphyrna tiburo 
Elasmobranchs Dusky shark Carcharhinus obscurus 
Elasmobranchs Sand tiger shark Carcharias taurus 
Elasmobranchs Sandbar shark Carcharhinus plumbeus 
Elasmobranchs Spiny dogfish Squalus acanthias 
Forage Fishes Anchovies Anchoa hepsetus & A. mitchilli 
Forage Fishes Atlantic menhaden Brevoortia tyrannus 
Forage Fishes Pinfish Lagodon rhomboides 
Invertebrates Blue crab Callinectes sapidus 
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Invertebrates Brown shrimp Farfantapenaeus aztecus 
Invertebrates Caribbean spiny lobster Panulirus argus 
Invertebrates Eastern oyster Crassostrea virginica 
Invertebrates Golden crab Chaceon fenneri 
Invertebrates Atlantic horseshoe crab Limulus polyphemus 
Invertebrates Pink shrimp Farfantapenaeus duoarum 
Invertebrates Rock shrimp Sicyonia brevirostris 
Invertebrates White shrimp Litopenaeus setiferus 
Pelagic Fish Dolphinfish  Coryphaena hippurus 
Pelagic Fish Little tunny Euthynneus alletteratus 
Pelagic Fish Wahoo Acanthocybium solandri 
Reef Fish Belted sand fish Serranus subligarius 
Reef Fish Black sea bass Centropristis striata 
Reef Fish Cubbyu Pareques umbrosus 
Reef Fish Emerald parrotfish Nicholsina usta 
Reef Fish Gag Mycteroperca microlepis 
Reef Fish Goliath grouper Epinephelus itajara 
Reef Fish Gray snapper Lutjanus griseus 
Reef Fish Gray triggerfish Balistes capriscus 
Reef Fish Hogfish Lachnolaimus maximus 
Reef Fish Lane snapper Lutjanus synagris 
Reef Fish Lionfish Pterois sp. 
Reef Fish Mutton snapper Lutjanus analis 
Reef Fish Nassau grouper Epinephelus striatus 
Reef Fish Red grouper Epinephelus morio 
Reef Fish Red porgy Pagrus pagrus 
Reef Fish Red snapper Lutjanus campechanus 
Reef Fish Redband parrotfish Sparisoma aurofrenatum 
Reef Fish Scamp Mycteroperca phenax 
Reef Fish Slippery dick Haelichoeres bivittatum 
Reef Fish Tomtate Haemulon aurolineatum 
Reef Fish Vermilion snapper Rhomboplites aurorubens 
Reef Fish White grunt Haemulon plumieri 
Reef Fish Yellowtail snapper Ocyurus chrysurus 
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Table 2. Climate Exposure Factors and Sensitivity Attributes. List of climate exposure factors and 
sensitivity attributes used in the climate vulnerability assessment. See NMFS Climate Vulnerability 
Assessment Methodology (Morrison et al. 2015) for more details. 

Exposure Factor Goal Low Score Very High 
Score 

Mean Ocean Surface 
Temperature 

To determine if there are changes to mean 
ocean surface temperature between 1956-
2005 and 2006-2055 time periods. 

Low magnitude 
of change 

High magnitude 
of change 

Mean Ocean Surface 
Salinity 

To determine if there are changes to mean 
ocean surface salinity between 1956-2005 
and 2006-2055 time periods. 

Low magnitude 
of change 

High magnitude 
of change 

Mean Air 
Temperature 

To determine if there are changes to mean 
air temperature between 1956-2005 and 
2006-2055 time periods. 

Low magnitude 
of change 

High magnitude 
of change 

Mean Precipitation To determine if there are changes to mean 
precipitation between 1956-2005 and 2006-
2055 time periods. Precipitation is a proxy 
for streamflow. 

Low magnitude 
of change 

High magnitude 
of change 

Mean Ocean pH To determine if there are changes to mean 
ocean pH between 1956-2005 and 2006-
2055 time periods. pH represents ocean 
acidification. 

Low magnitude 
of change 

High magnitude 
of change 

Sea Level Rise To evaluate the magnitude of sea level rise 
relative to the ability of nearshore habitats 
to change 

Low magnitude 
of change 

High magnitude 
of change 

Gulf Stream-Induced 
Upwelling 

To evaluate changes in large scale 
circulation. 

Low magnitude 
of change 

High magnitude 
of change 

Sensitivity 
Attributes 

   

Habitat Specificity To determine, on a relative scale, if the 
stock is a habitat generalist or a habitat 
specialist while including information on 
the type and abundance of key habitats. 

Habitat 
generalist 

Habitat specialist 

Prey Specificity To determine, on a relative scale, if the 
stock is a prey generalist or a prey 
specialist. 

Prey generalist Prey specialist 

Sensitivity to 
Temperature 

To use the species geographic distribution 
as a proxy for temperature sensitivity. 
Species distributions more accurately 
predict thermal requirements than do stock 
distributions.  

Wide 
temperature 
range 

Narrow 
temperature 
range 

Sensitivity to Ocean 
Acidification 

To estimate a stock’s sensitivity to ocean 
acidification based on its relationship with 
“shelled species.” (followed Kroeker et al. 
2012). 

Stock not reliant 
on sensitive taxa 

Stock is a 
sensitive taxa 
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Adult Mobility To estimate the ability of the stock to move 
to a new location if their current location 
changes and is no longer favorable for 
growth and/or survival. 

High mobility Low mobility 

Dispersal of Early 
Life Stages 

To estimate the ability of the stock to 
colonize new habitats when/if their current 
habitat becomes less suitable. 

High dispersal Low dispersal 

Early Life History 
Survival and 
Settlement 
Requirements 

To determine the relative importance of 
early life history requirements for a stock. 

Generalist with 
few 
requirements 

Specialist with 
specific 
requirements 

Complexity in 
Reproductive 
Strategy 

To determine how complex the stock’s 
reproductive strategy is and how dependent 
reproductive success is on specific 
environmental conditions. 

Low complexity, 
broadcast 
spawning 

High complexity, 
aggregation 
spawning 

Spawning Cycle To determine if the duration of the stock’s 
spawning cycle could limit the ability of the 
stock to successfully reproduce if necessary 
conditions are disrupted by climate change. 

Year-round 
spawning 

One event per 
year 

Stock Size/Status To estimate stock status to clarify how 
much stress from fishing the stock is 
experiencing and to determine if the stock’s 
resilience or adaptive capacity are 
compromised due to low abundance. 

High abundance Low abundance 

Population Growth 
Rate 

To estimate the relative productivity of the 
stock. 

High population 
growth 

Low population 
growth 

Other Stressors To account for conditions that could 
increase the stress on a stock and thus 
decrease its ability to respond to changes. 

Low level of 
other stressors 

High level of 
other stressors 
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Table 3. Definitions used by experts to score data quality for each biological sensitivity attribute and 
climate exposure factor. Each expert scored data quality independently resulting in 5 data quality 
scores for each sensitivity attribute and 4 data quality scores for each climate exposure factor. 

Data Quality Score Description 

3 Adequate Data. The score is based on data which have been observed, modeled 
or empirically measured for the species in question and comes from a reputable 

source (e.g., peer-reviewed literature). 
2 Limited Data. The score is based on data which has a higher degree of 

uncertainty. The data used to score the attribute may be based on related or 
similar species, come from outside the study area or the reliability of the source 
may be limited. 

1 Expert Judgement. The attribute score reflects the expert judgement of the 
reviewer and is based on their general knowledge of the species, or related 
species, and their relative role on the ecosystem. 

0 No Data. No information to base an attribute score on. Very little is known about 
the species or related species and there is no basis for forming an expert opinion. 
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Table 4. Decision rule used to calculate species’ overall biological sensitivity and climate exposure. 
A certain number of individual scores above a certain specified threshold trigger this decision rule, 
used to determine the overall biological sensitivity and overall climate exposure. 

 

Overall Sensitivity or 
Exposure Score 

Numeric 
Score Decision Rule 

Very high 4 3 or more factors with mean score ≥3.5 
High 3 2 or more factors with mean score ≥ 3.0 

Moderate 2 2 or more factors with mean score ≥ 2.5 
Low 1 All other scores 
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Appendices 

Appendix A. Sensitivity Attribute Definitions and Bins 

Habitat Specificity 

Goal: To determine, on a relative scale, if the stock is a habitat generalist or a habitat specialist while 
incorporating information on the type and abundance of key habitats. 
Relationship to climate change: Generalists stocks should be more resilient to changing resource 
availability (habitat and food) than specialists (Wilson et al. 2008, Clavel et al. 2011, Graham et al. 
2011, Pecl, 2014). This is because specialists are dependent on not only their own response to 
climate change, but also the impact on their habitat (EPA 2009). Note: the type and distribution of 
these habitats should be considered for this attribute. 
Background: Changes in climate are expected to alter marine and coastal habitats that fish stocks 
depend upon. Species that are habitat generalists (can utilize several different habitat types) are 
expected to be more likely to succeed in a changing environment (Wilson et al. 2008, Clavel et al. 
2011). The more a species specializes on a specific habitat, the more likely the species will be 
impacted by an environmental change. However, not all habitats are expected to be impacted 
equally. Species that depend on habitats that are abundant and wide ranging are less likely to be 
impacted by changes than species that depend on habitats that are limited in scope. We expect 
habitats that are created by disturbances (e.g., coral rubble or edge habitats) to increase with climate 
change. In addition, biological habitats (i.e., live coral reefs, deep water corals, mangroves, salt 
marshes, sea grass beds) are more likely to be impacted by the changes than physical habitats (sand, 
mud, rocky bottom). When considered together, these three criteria (habitat specialist or generalist; 
whether or not the stock depends on biological habitats; and habitat availability) are indicative of 
how a stock will be impacted by climate-induced changes on habitat. 
How to use expert opinion: This attribute will be scored using a combination of the three criteria 
described above: habitat specialist or generalist; whether or not the stock depends on biological 
habitats (i.e., live coral reefs, deep water corals, mangroves, salt marshes, sea grass beds); and 
habitat availability (limited vs. abundant). It is understood that these criteria are not dichotomous 
but are a continuum. Stocks that are dependent on “disturbed” habitats should do fine or increase 
with climate change, so put these species in the “low” bin. If you think that a stock fits in multiple 
scoring bins, weight your 5 tallies between the appropriate bins. Using your expert opinion, account 
for any lifespan or ontogenetic shifts in diet; however, limit your response to the juvenile and adult 
life stages as larvae are considered under the attribute “early life history survival and settlement 
requirements.” 
Habitat Specificity Bins: 

1. Low: The stock is a habitat generalist and/or utilizes very common abiotic habitats. 
Occurrences of the stock have been documented in diverse habitats. Also, included in this 
bin are stocks that are restricted to one abiotic habitat which is widespread and common 
(e.g., vast stretches of sandy bottom, or pelagic waters over a large range). 
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2. Moderate: The stock strongly prefers a particular habitat. The stock prefers a particular 
habitat, but can survive in other habitats (with possible impacts to their fitness). 

3. High: The stock is a specialist on an abundant biological habitat. The stock is a specialist 
that is restricted to a specific, but common biological habitat. 

4. Very High: The stock is a specialist on a restricted biological habitat. The stock is a 
specialist that is restricted to a specific and uncommon biological habitat. 

Prey Specificity 

Goal: To determine, on a relative scale, if the stock is a prey generalist or a prey specialist. 
Relationship to climate change: Generalists stocks should be more resilient to changing resource 
availability (habitat and food) than specialists (Wilson et al. 2008, Clavel et al. 2011, Graham et al. 
2011, Pecl et al. 2014). Understanding how reliant a stock is on specific prey species could predict 
its ability to persist as the climate changes. Specialists (who have specific prey requirements) are 
likely to be more vulnerable to climate change because their persistence is dependent on not only 
their own response to climate change, but also the response of their prey. During mass extinction 
events of the past, diet specialists were more prone to extinction than diet generalists (Clavel et al. 
2011). 
Background: Climate change impacts extend beyond the stock in question to include species within 
its food web (e.g., prey, predators and competitors). 
How to use expert opinion: The scoring bins below estimate the stocks’ relative distribution along 
a continuum that runs between prey specialists and prey generalists. Using your expert opinion, 
account for any lifespan or ontogenetic shifts in diet; however, limit your response to the juvenile 
and adult life stages as larvae are considered under the attribute “early life history survival and 
settlement requirements.” For this attribute, prey type refers to groups of similar species; copepods, 
krill, forage fish, etc., for example, are each categorized as a prey type. 
Prey Specificity Bins: 

1. Low: The stock eats a large variety of prey. The stock can eat a variety of prey types 
depending on what is available. Include detritivores, herbivores, and omnivores in this bin. 

2. Moderate: The stock eats a limited number of prey types. The stock can feed on a wide 
variety of prey species, but are restricted to a limited number (~3) of prey types (copepods, 
krill, forage fish, etc). 

3. High: The stock is partial to a single prey type. The stock’s diet is composed of one main 
prey type. The stock is able to switch to a different prey type if the preferred food is 
unavailable, but this may negatively impact fitness. 

4. Very High: The stock is a specialist. The stock is dependent on one prey type and is unable 
to switch to alternatives if the preferred prey is unavailable. 

Adult Mobility 

Goal: To estimate the ability of the stock to move to a new location if their current location changes 
and is no longer favorable for growth and/or survival. 
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Relationship to climate change: Site-dependent species that are unable to move to better habitat 
when a location becomes unfavorable are less able to adapt to environmental change than highly 
mobile species (Foden et al. 2013). 
Background: As climate change occurs, habitats that were once suitable may change and no longer 
be able to sustain a given stock of fish. Similarly, what was once unsuitable habitat may become 
suitable. A stock can survive changes in habitat as long as they have the ability to disperse from 
unsuitable habitat and find new, suitable habitat; and dispersal ability can be used as a proxy for the 
capacity to change distribution (Pecl et al. 2014). This can occur through larval dispersal and 
settlement (covered under the “Dispersal of Early Life Stages” attribute) or through adult mobility. 
Species can be limited in their mobility by physical or behavioral (e.g., won’t swim across open 
ocean) barriers. 
How to use expert opinion: This attribute represents a continuum from sessile to highly migratory 
organisms. Use your expert opinion to place the stock in question in the appropriate bin according to 
its physical and behavioral ability to move. Homing behavior for spawning should not be considered 
here as it is accounted for in the “Complexity in Reproductive Strategy” attribute. For this attribute, 
we define site-dependent stocks as those whose adults are site-attached (i.e., spend their entire adult 
phase in one limited location). 
Adult Mobility Bins: 

1. Low: Non-site dependent. The stock is highly mobile and non-site dependent. 
2. Moderate: Site dependent but highly mobile. The stock has site-dependent adults capable of 

moving from one site to another if necessary. 
3. High: Site dependent with limited mobility. The stock has site-dependent adults that are 

restricted in their movement by environmental or behavioral barriers. 
4. Very High: Non-mobile. The stock has sessile adults. 

Dispersal of Early Life Stages 

Goal: To estimate the ability of the stock to colonize new habitats when/if their current habitat 
becomes less suitable. 
Relationship to climate change: In general, the greater the dispersal of larvae, the better its ability 
to respond to climate change. Wide distribution of eggs and larvae can lead to greater ability to 
colonize new habitats in areas that are suitable for survival. Conversely, if a stock has limited larval 
distribution and the habitat in the localized area becomes unsuitable, then the stock is more likely to 
be negatively affected. 
Background: For marine species, extended larval dispersal is an important strategy for colonizing 
new areas. Duration of the larval stage may impact dispersal distance and stock persistence. 
Jablonski and Lutz (1983) found that marine invertebrates with relatively long planktonic larval 
stages were more persistent in the fossil record than those species with 
non-planktonic larvae and had lower extinction rates. Early life stage dispersal is affected by a 
number of factors including spawning, advection, diffusion, larval behavior, planktonic duration, 
planktonic survival, and settlement habitat (Pineda et al. 2007; Hare and Richardson 2013). In 
general, studies have found that spawning time and place and planktonic duration are key factors, 
but the other factors can be important in specific situations. 
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How to use expert opinion: The main point of this attribute is to estimate dispersal ability. If no 
information is known about actual dispersal distances, capacity for larval dispersal can be estimated 
by a stock’s larval duration (hatching to settlement in benthic species and hatching to yolk-sac re-
absorption in pelagic species) (Pecl et al. 2014). However, if information about actual dispersal 
distances are known, use that information. If a stock has a relatively short larval duration, but is 
known to disperse large distances, or if the larvae are able to influence dispersal through selective 
tidal stream transport, adjust your tallies accordingly. Keep in mind that long-distance dispersal of 
only a small fraction of the larvae could still be adequate for colonization of new areas in a changing 
climate. We note that since elasmobranchs have evolved life history strategies that produce a 
smaller number of well-developed offspring, the impact of this attribute will be reduced: 1) for 
elasmobranchs with live birth, dispersal will occur while in utero and should be scored as low to 
moderate, 2) for elasmobranchs with egg cases, egg dispersal will be more limited, but juveniles will 
have the ability to disperse if needed so these stocks should be scored as moderate to high. 
Dispersal of Early Life Stages Bins: 

Larval durations utilized in Bins are adapted from Pecl et al. (2014); distances are provided on a log-
scale to show general/large changes in magnitude. 

1. Low: Highly dispersed eggs and larvae. Duration of planktonic eggs and larvae greater than 
8 weeks and/or larvae are dispersed >100 km from spawning locations. 

2. Moderate: Moderately dispersed eggs and larvae. Duration of planktonic eggs and larvae 
less than 8 but greater than 2 weeks and/or larvae are dispersed 10-100 km from spawning 
locations. 

3. High: Low larval dispersal. Duration of planktonic eggs and larvae less than 2 weeks and/or 
larvae typically found over the same location as parents. 

4. Very High: Minimal larval dispersal. Benthic eggs and larvae or little to no planktonic early 
life stages. 

Early Life History Survival and Settlement Requirements 

Goal: To determine the relative importance of early life history requirements for a stock. 
Relationship to climate change: In general, the early life stages (eggs and larvae) of marine fish are 
characterized by high mortality rates, via predation, starvation, advection, or unsuitable conditions. 
Small changes in the environment can lead to large changes in early life survival, which can affect 
recruitment and year-class strength. Large scale climate change could have a greater impact on 
species that have more specific early life history and settlement requirements. 
Background: Close to 100 years ago, fisheries scientists recognized the importance of recruitment 
variability in fish populations (Hjort 1914). Despite considerable research devoted to fisheries 
recruitment, there is still considerable uncertainty about how environmental variability impacts 
recruitment (Punt et al. 2013). Scientists now understand that multiple processes are important 
during the egg and larval stages (Houde 2008). Conditions that can lead to decreased or negligible 
recruitment include: 

● Larvae that are dependent on specific biological conditions in the water column during their 
larval stage. For example, if the larvae are dependent on the presence of food at a specific 
point in development, different emergence of the larvae and the food (due to dependence on 
different cues) could result in a mismatch in availability. Alternatively, if the larvae have 
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evolved to survive in low predator (and low food) conditions, a change in predation pressure 
could impact survival (Bakun 2010). 

● Larvae or eggs that are dependent on specific physical conditions to survive (e.g., specific 
temperature requirements for eggs, temporary gyres that provide food and retention for larvae, 
calm conditions that allow for concentration of larval prey, specific transport pathways to 
nursery habitats, etc.) (Houde 2008). 

● Larvae that are dependent on a cue for settlement or metamorphosis that could be impacted by 
a changing climate (Pecl et al. 2014). 

For the purpose of this assessment, early life history requirements include the environmental 
conditions necessary for larval survival, and encompass the eggs, pelagic larvae stages, and 
settlement. The more specific the early life history requirements, the more precise the 
environmental conditions may need to be, and thus the more vulnerable the stock may be in a 
changing environment. Note: some fish species, namely elasmobranchs, have evolved life history 
traits which minimize or eliminate early life stages either by birthing well-developed young or by 
laying egg cases that allows embryos to fully develop before hatching. Therefore, elasmobranchs 
should be ranked as “Low.” 
How to use expert opinion: Marine species are largely dependent on both physical and biological 
conditions during their larval stage. However, the reliance on specific conditions varies between 
stocks. For the bins below, recruitment can be characterized as low variability when there is 
relatively constant recruitment events every 1-2 years, and high variability when the stock 
experiences highly episodic recruitment events (Pecl et al. 2014). If no citable reference is available 
on a stock’s early life history survival and settlement, the score may be based on expert opinion. 
Early Life History Survival and Settlement Bins: 

1. Low: Larval requirements are minimal. Stock has general requirements for the larval stage 
that are relatively resilient to environmental change. Elasmobranchs should be ranked as 
“Low.” 

2. Moderate: Larval requirements are minimal or unknown. Stock requirements are not well 
understood and recruitment is relatively constant, suggesting limited environmental influence. 

3. High: Larvae have some specific requirements. Stock requirements are not well understood, 
but recruitment is highly variable and appears to have a strong dependence on environmental 
conditions. 

4. Very High: Larvae have multiple specific requirements. Stock has specific known biological 
and physical requirements for larval survival. 

Complexity in Reproductive Strategy 

Goal: To determine how complex the stock’s reproductive strategy is and how dependent 
reproductive success is on specific environmental conditions. 
Relationship to climate change: Species that have complex reproductive strategies (that require a 
series of events or special conditions) are more likely have these conditions disrupted by changes in 
the environment. 
Background: There is great diversity in reproductive strategies in marine fishes. The more 
complex the reproductive strategy, the more precise the conditions may need to be, and thus the 
more vulnerable the stock may be to environmental change. For our purposes, complexity in 
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reproductive strategy is defined as reproductive behaviors, characteristics or cues that create specific 
requirements that must be met in order for reproduction to be successful. Species with reproductive 
events that are dependent on temperature (vs. day-length) cues will be more sensitive to climate 
change (Pecl et al. 2014). 
How to use expert opinion: A list of common reproductive characteristics that may affect the 
reproductive capacity of a stock in a changing climate is provided below. To score, determine if any 
of these examples apply to the stock. Note: this is not intended to be an exhaustive list. If other 
characteristics exist that may affect a stock’s reproduction capacity in a changing climate, incorporate 
that information and adjust your score appropriately. 
Example reproductive characteristics that create “complexity”: 

● The stock has known temperature effects on reproduction. Examples include temperature-
dependent sex changes, and temperature cues that impact spawning, gonad development, etc. 

● The stock uses large spawning aggregations. Large spawning aggregations can contribute to 
a high sensitivity because a large number of individuals must get to the spawning area 
simultaneously (i.e., migration or cues to migrate may be impeded by a change in the 
environment), the spawning area has to retain the environmental conditions that made it 
successful in the past, and the reproductive success for that year is dependent on the 
conditions present at one time period. 

● The stock experiences decreased recruitment per spawner, or a weakening in the strength of 
density dependence, at low stock sizes, potentially because of depensation/Allee effects. If 
unknown, does the stock share life history characteristics that would predict depensation 
effects (e.g., significant changes in the relative abundance of the stock’s predators/prey at low 
stock densities, decreased fertilization success at low stock sizes)? 

● The reproductive success of the stock requires the use of vulnerable habitats (freshwater, 
estuaries, mangroves, salt marshes, corals) for spawning or rearing of young. Vulnerable 
habitats are likely to experience larger climate change impacts (such as changes in salinity, 
dissolved oxygen, pollution, sedimentation, or water depth), and stocks that require these 
habitats for successful reproduction will likely be impacted. 

Complexity in Reproductive Strategy Scoring Bins: If a particular characteristic is suspected to 
have a large impact on the stock, adjust the score appropriately. 

1. Low: Simple reproductive strategy. The stock contains no more than one characteristic that 
suggest complexity in reproductive strategy. 

2. Moderate: Slight complexity. The stock has two characteristics that suggest complexity in 
reproductive strategy. 

3. High: Complex reproductive strategy. The stock has three characteristics that suggest 
complexity in reproductive strategy. 

4. Very High: Very complex reproductive strategy. The stock has four or more characteristics 
that suggest complexity in reproductive strategy. 

Spawning Cycle 

Goal: To determine if the duration of the spawning cycle for the stock could limit the ability of the 
stock to successfully reproduce if necessary conditions are disrupted by climate change. 
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Relationship to climate change: It is assumed that stocks that spawn throughout the year will be 
more likely to be successful in a changing environment: “Protracted spawning is believed to enhance 
offspring survival by allowing the stock to “hedge its bet” against adverse environmental 
conditions” (Marteinsdottir and Thorarinsson 1998). Conversely, stocks that spawn all at once in 
major events are more likely to experience recruitment failure with potential changes in 
environmental conditions. 
Background: Spawning characteristics describe the spawning activity of a stock (in aggregate, not 
individually) over a particular time frame. If a stock spawns several times per year across a variety 
of seasons, then they will likely be less susceptible to climate change because their reproductive 
events are not dependent on just one set of very specific conditions (e.g., phenological events). 
Increased spawning events, also help to protect against vulnerabilities associated with single 
spawning aggregations (see the “Complexity in Reproductive Strategy” attribute). Similarly, stocks 
that reproduce seasonally are also less likely to adapt to climate change as they are dependent on 
environmental conditions historically present during a given season that may not persist through 
time. For example, spring-like conditions and related activities have occurred progressively earlier 
since the 1960s (Walther et al. 2002) and changes in spawning season and location have already 
been observed and predicted to continue (Shoji et al. 2011; Rijnsdorp et al. 2009). Note: We are 
describing the spawning activity of the entire stock, not the individual. In other words, we are 
interested in the time from when spawning commences until when it ends, not how long a single 
individual spawns. 
How to use expert opinion: It is impossible to distill every potential spawning cycle into 4 scoring 
bins. The below bins are rough breaks in a continuum of possibilities. If a species does not fit the 
below bins, use your expert judgment to best score the species based on the above discussion. For 
stocks (such as elasmobranchs) that are born as fully developed juveniles capable of long distance 
movements, there is less concern over a short hatching/mating period, and these stocks should be 
ranked low to moderate. 
Spawning Characteristics Bins: 

1. Low: Consistent throughout the year. Stocks that spawn continuously throughout the year 
without a defined “spawning season” are less likely to suffer spawning failure. Example: a 
stock that spawns daily or monthly. 

2. Moderate: Several spawning events throughout the year. Stocks that spawn several times per 
year and spawn across more than one season have a moderate likelihood of spawning success 
to be impacted by climate change. Example: a stock that spawns in both the spring and 
summer. 

3. High: Several spawning events per year within a confined time frame. Stocks that may 
spawn several times per year but all spawning events in that year take place in one season 
have a higher likelihood of being affected by climate change. Example: the spawning season 
occurs once a year and lasts over a period of less than 3 months. 

4. Very High: One spawning event per year. Stocks that require very specific 
environmental/social cues to initiate spawning and that only spawn once per year have the 
highest likelihood of being affected by climate change. Example: the spawning season 
occurs once a year over a brief period of time. 
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Sensitivity to Temperature 

Goal: To use information regarding temperature of occurrence or the distribution of the species as a 
proxy for its sensitivity to temperature. 
Relationship to climate change: Species that experience a wide range of temperature regimes are 
more likely to persist in a warming ocean. 
Background: A species temperature requirements can be a good predictor of how it will respond to 
climate change. For species that lack specifics on temperature requirements, the latitudinal coverage 
of the species can be a proxy for temperature tolerance (Pecl et al. 2014). Since species can cover a 
wide tropical latitude but still have a limited temperature tolerance, distribution of a species within or 
across provinces can be used instead. Spalding et al. (2007) (Figure 2) divides coastal waters of the 
world into 62 provinces and 232 ecoregions. Even though Spalding’s provinces are not specifically 
based on temperature (they also consider upwelling, currents, salinity, nutrients, etc.), they can be 
used to delineate areas with similar thermal conditions. 
In addition, a species’ distribution in the water column and seasonal movements can indicate its 
sensitivity to temperature. Species that make large diurnal migrations across the thermocline have 
lower sensitivities to changing temperatures than species that have limited depth distributions. 
Additionally, species that make large seasonal migrations and track seasonally changing water 
temperatures may have more sensitivity to temperature than indicated by range alone. 
How to use expert opinion: Use known temperature requirements to score this attribute when 
available. When temperature information is not known, use the species distribution, along with 
Figure 1 to determine if a species is found across >1 province. Also use knowledge of seasonal and 
diurnal movements to adjust the tallies. Keep in mind that you can adjust your tallies depending on 
the distribution of the species relative to the area of interest (i.e., if the area of interest is at the edge 
of the distribution of the species, consider if the species is expected to move out of or expand into 
the area of interest). Spalding et al. (2007) only characterize coastal environments; therefore, use 
your expert opinion for open ocean species. If information about temperature requirements or depth 
distributions is available, use this to modify your response. For example, if a species is found across 
2 provinces, but it has a limited depth distribution, the expert could distribute the 5 tallies between 
bins 2 and 3. If a species’ sensitivity changes with ontogeny, consider the most limited stage when 
determining the most appropriate bin(s). 
Given that a stock range will always be less than a species range, if scoring temperature dependence 
for a stock, consider not only the stock range, but also the species range as the species range may 
predict the stock’s ability to adapt. Consideration of the species distribution relative to the study area 
is also important. Stocks at the cold edge of the species range would be expected to fare well, while 
stocks at the warm edge of its species range may not (Planque and Fredou 1999, Drinkwater 2005). 
Temperature Sensitivity Bins: 

1. Low: Large temperature range. Species occurs in a wide range of temperatures (>15oC), or is 
found across 3 or more provinces. 

2. Moderate: Moderate temperature range. Species occurs in a moderately wide range of 
temperatures (10-15oC), or is found across 2 provinces. 

3. High: Somewhat limited temperature range. Species occurs in a moderately narrow range of 
temperatures (5-10oC), or is found within one province but has a variable depth distribution. 
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4. Very High: Very limited temperature range. Species occurs in a narrow range of 
temperatures (<5oC), or is found within one province and has a limited depth distribution 
(i.e., depth range is <100 m). 

 

 
Figure originally published in Spalding et al. 2007. Provinces are provided in color with ecoregions 
outlined. 

Sensitivity to Ocean Acidification 

Goal: To estimate a stock’s sensitivity to ocean acidification (OA) based on its relationship with 
“sensitive taxa.” 
Relationship to climate change: Impacts of OA on marine organisms can be highly variable, with 
considerable variability between taxa and species (Kroeker et al. 2013). Therefore, we are 
estimating impact of OA by examining the dependence of the stock on sensitive taxa. For example, 
current research shows a consistent negative impact of OA on mollusks and corals, so species in 
either of these classes or dependent on species in these classes should be considered more sensitive 
to changes in ocean pH. We expect the volume of research into ocean acidification to increase in 
the near future, so this attribute will be updated as new information becomes available. 
Background: Ocean acidification is often called “the other carbon dioxide problem,” and is the term 
given to the chemical changes in the ocean as a result of carbon dioxide emissions (Wicks and 
Roberts 2012). While initial research suggested that the majority of species that have calcium 
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carbonate or chitin shells or those that lay down calcium carbonate skeletons (corals) will be 
negatively impacted by ocean acidification (Arnold et al. 2009; Hoegh-Guldberg et al. 2007; 
Honisch et al. 2012; Kawaguchi et al. 2011; Orr et al. 2005), recent studies have highlighted a high 
variability in response between different shelled organisms and suggest that not all shelled species 
will be impacted to the same degree and not all impacts will be negative. (i.e., Ries et al. 2009; 
Kroeker et al. 2013). For example, Kroeker et al. (2013) in a meta-analysis of 228 studies found 
significant and consistent negative impacts of OA on the larval stages of mollusks and corals (see 
Figure 4 from Kroeker et al. below). However, recent research suggests soft corals may not be as 
sensitive as stony corals (Gabay et al. 2014) In contrast, high variability in the responses of 
crustaceans suggests impacts may be species specific within this group, with brachyuran crustaceans 
showing a higher resistance (Kroeker et al. 2013). 
The direct effect of ocean acidification on finfish is not well understood. Recent research suggests 
impacts on finfish stocks will be most prevalent at the egg and early larval stages (Baumann et al. 
2011; Franke and Clemmenssen 2011; Frommel et al. 2011), but juvenile and adult olfaction and 
behavior may also be affected (Munday et al. 2009; 2014). Despite these studies, not enough is 
known to be able to predict which finfish stocks will be more sensitive. This attribute will be 
updated when more information is available on which finfish stocks are more likely to be directly 
impacted by ocean acidification. 
How to use expert opinion: Use the results presented in Figure 1 (originally published as Fig. 4 in 
Kroeker et al. 2013) or other relevant information to bin species. When scoring, base your score on 
the most sensitive life stage, if appropriate. In cases where research has shown that the effects of 
OA may be positive or mitigated by biological processes (e.g., reduced OA by plant absorption of 
CO2), use your expert judgment to inform the score. We have binned sensitive taxa which are 
directly impacted by changes in OA as “very high” and those dependent on sensitive taxa as “high” 
due to the indirect impact. However, use your expert opinion to place your tallies between these 
groups depending on your perception of the species’ adaptability. 
Sensitivity to Ocean Acidification Bins: 

Sensitive taxa are taxa that consistently show negative effects from OA, such as hard corals, 
mollusks, calcified algae, and echinoderms (Kroeker et al. 2013). 

1. Low: Stock either does not use sensitive taxa, or is expected to respond positively to ocean 
acidification. The stock does not utilize sensitive taxa for food or habitat. Species expected to 
respond positively to ocean acidification should be scored as low. 

2. Moderate: Stock is somewhat reliant on sensitive taxa. The stock utilizes sensitive taxa as 
either food or habitat, but can switch to non-sensitive taxa when necessary. This can include 
omnivores and species that prefer coral habitats but can utilize any rigid structure. 

3. High: Stock is reliant on sensitive taxa. The stock is dependent on sensitive taxa for either 
food or habitat (i.e., cannot switch to a non-sensitive alternative). 

4. Very High: Stock is a sensitive taxa. The stock is a sensitive taxa (such as corals or 
mollusks) that have been shown to have a consistent negative impact of OA on survival. 

  



 

53 
 

 

 
Figure originally published in Kroeker et al. 2013: Summary of effects of acidification among key 
taxonomic groups. Effects are represented as either mean percent (+) increase or percent (-) decrease 
in a given response. Percent change estimates were back transformed from the mean LnRR, and 
represent geometric means, that are conservative of the arithmetic means. 
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Population Growth Rate 

Goal: To estimate the relative productivity of the stock. 
Relationship to climate change: More productive stocks are, in general, more resilient to long term 
changes in the environment, such as climate change (Lande 1993; Pecl et al. 2014). 
Background: 
Productivity is a measure of the capacity of the stock to reproduce and recover if the population is 
reduced. In general, it is thought that highly productive stocks are more resilient to change because 
they are quicker to respond to impacts, such as fishing, or catastrophic events (Lande 1993; Pecl et 
al. 2014). In fisheries, productivity can be measured as the maximum intrinsic rate of increase (rmax). 
We are interested in the maximum intrinsic rate of increase as it describes how fast a population is 
able to recover from a disturbance. Given density dependence, the classic model of population 
growth can be given by: 𝜕𝜕𝜕𝜕

𝜕𝜕𝜕𝜕
= 𝑟𝑟𝑚𝑚𝑚𝑚𝑚𝑚𝑁𝑁 �1 − 𝜕𝜕

𝐾𝐾
�, where K is carrying capacity and for which 

population growth rate is maximized at 0.5K. 
If a direct measurement of the maximum intrinsic rate of increase (rmax) is unavailable, other 
biological reference points that are correlated with population growth rate can be used: von 
Bertalanffy growth rate (k), age at maturity, maximum age, natural mortality and maximum length 
(Patrick et al. 2009; Hutchings et al. 2012). Scoring bins for these proxies were developed from an 
analysis of 141 marine fish species that were considered to be representative of U.S. fisheries 
(Patrick et al. 2009). 
How to use expert opinion: Multiple proxies may be used to inform the final score, but the 
accuracy and precision of the different proxies should be considered. For example, a stock with a 
“good” estimate of age at maturity is in the range for a “High” score, and a “fair” estimate of 
maximum age is in the range for the “High” scoring bin. In that case, the scorer should use their 
expert opinion to weight their response according to their confidence in the estimates. If no 
estimates are available, estimate a relative score for the stock across a continuum of r-selected (low) 
vs. k-selected (high) species. 
Population Growth Rate Bins: 

Parameter Low Moderate High Very High 
Maximum growth rate (rmax) > 0.50 0.16 - 0.50 0.05 - 0.15 < 0.05 

von Bertalanffy K > 0.25 0.16 - 0.25 0.11 - 0.15 <= 0.10 
Age at maturity < 2 yrs 2 - 3 yrs 4 - 5 yrs > 5 yrs 
Maximum age < 10 yrs 11 - 15 yrs 15 - 25 yrs > 25 yrs 
Natural mortality (M) > 0.50 0.31 - 0.50 0.21 - 0.30 < 0.2 
Maximum length < 55 cm 55 – 85 cm 85 – 150 cm > 150cm 

Stock Size/Status 

Goal: To estimate stock status to clarify how much stress from fishing the stock is experiencing and 
to determine if the stock’s resilience or adaptive capacity are compromised due to low abundance. 
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Relationship to climate change: It is assumed that a stock that has a large biomass is more 
resilient to changes in climate. Conversely, stocks with very low biomass are likely to be in a 
compromised ecological position and therefore may have a diminished capability to respond to 
climate change (Rose 2004). The genetic diversity, as well as the abundance, of a stock can impact 
its susceptibility. The assumption is that species with a limited genetic diversity could be more 
negatively impacted by climate change as their offspring would be less variable and thus less likely 
to have the combination of genes needed to adapt to changes in the environment. 
Note: stocks that are at historical high biomass levels may be an indication of a net positive effect to 
an environmental change. 
Background: Fish stocks that are already being affected by other stressors are likely to have faster 
and more acute reactions to climate change. Fishing is the largest stressor currently impacting fish 
stocks (Jackson et al. 2001), and the magnitude of the stress can be estimated through the status of 
the stock. Stock size/status can be measured as a ratio of the current stock size (B) over the biomass 
at maximum sustainable yield (BMSY) and is a commonly used biological reference point for U.S. 
federally managed stocks. For other areas, Bmax may be available and can also be used. Use the 
following link for information on current estimates of B/BMSY in U.S. species: 
http://www.nmfs.noaa.gov/sfa/statusoffisheries/SOSmain.htm. 
Low genetic variation can decrease a species’ ability to adapt to climate change. Large variation in 
reproductive success between individuals, large fluctuations in population size, and frequent local 
extinctions can all decrease genetic diversity (Grosberg and Cunningham 2001). Presence of these 
characteristics could suggest a decreased ability to adapt to changes in the environment. 
Beyond stock status and genetic diversity, there are additional concerns for stocks that are 
particularly rare. The IUCN classifies stocks with a population <10,000 mature individuals as 
vulnerable (IUCN 2014). Therefore, for the purposes of this attribute, stocks with population sizes 
less than 10,000 individuals are considered to have significantly reduced ability to adapt to climate 
change and should be scored as “Very High.” 
How to use expert opinion: If a direct measure of biomass is not available, biomass proxies (such 
as survey indices or spawning stock biomass) may be used. For data-poor stocks with an unknown 
status, or stocks that are analyzed as part of a species group, use your expert opinion to estimate the 
stock size and rate the data quality accordingly. We note that BMSY can change (NEFSC 2012), 
which will affect B/BMSY ratio and thus vulnerability scores. In situations where BMSY has been 
recently updated, use your expert opinion to adjust your scores appropriately. Also, if a stock has 
known low genetic diversity, adjust your ranks accordingly. 

Stock Size/Status Bins: 

1. Low: B/BMSY ≥ 1.2 (or proxy) 
2. Moderate: B/BMSY ≥ 0.8 but < 1.2 (or proxy) 
3. High: B/BMSY ≥ 0.5 but < 0.8 (or proxy) 
4. Very High: B/BMSY < 0.5 (or any stock below <10,000 mature individuals) 

http://www.nmfs.noaa.gov/sfa/statusoffisheries/SOSmain.htm
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Other Stressors 

Goal: To account for conditions that could increase the stress on a stock and thus decrease its ability 
to respond to changes. 
Relationship to climate change: In most cases but not all, climate change is predicted to 
exacerbate the effects of other stressors. Fish stocks that are already being affected by other stressors 
are likely to have faster and more acute reactions to climate change. 
Background: Scientists theorize that species experiencing additional stressors are more likely to 
have faster and more acute reactions to climate change (Stein et al. 2013, Sumaila et al. 2011). A 
stress is an activity that induces an adverse effect and therefore degrades the condition and viability 
of a natural system (Groves et al. 2000; EPA 2008). This attribute attempts to take into account 
interactions between climate change and other stressors already impacting fish stocks. Some 
examples of other stressors include: habitat degradation, invasive species, disease, pollution, and 
hypoxia. Although climate change is not currently the biggest threat to many natural systems, its 
effects are projected to be an increasingly important source of stress in the future (Mooney et al. 
2009). Consideration of observed and projected impacts of climate change in the context of other 
environmental stressors is essential for effective planning and management (Tingley et al. 2014). 
How to use expert opinion: For the purpose of this assessment, we are looking for detrimental 
impacts from other stressors. We have provided examples of other stressors that may be impacting 
stocks, but the list is not exhaustive. If the stock being scored is suffering from a known or 
suspected stressor that is not listed below, adjust the score appropriately. The magnitude of the 
stressors should also be considered. If a single stressor is suspected of a large impact on the stock, 
adjust the score appropriately. It is expected that in some cases, impacts of climate change could 
create positive impacts (e.g., reduction in predators). If you suspect positive impacts, adjust tallies 
toward the lower bins as appropriate. We are not including fishing pressure as a stressor here as it is 
covered under the “stock size/status” attribute. 
Example of stressors the stock may be experiencing: 

● The habitat on which the stock depends is degraded. Examples include anthropogenic 
effects or changes to freshwater input, stratification, storm intensity, and hypoxia. 

● The stock is currently exposed to detrimental levels of pollution (chemical and/or nutrient). 
● The stock has experienced a known increase in parasites, disease, or harmful algal bloom 

exposure. 
● The stock has experienced a detrimental impact due to a change in the food web. Examples 

include increases in the abundance of predators or competitors, or the introduction of an 
invasive species that negatively impacts the stock. Do not include changes to prey here as 
they are covered under the “prey specificity” attribute. 

Other Stressors Bins: If a single stressor is suspected of a large impact on the stock, adjust the 
score appropriately. 

1. Low: Stock is experiencing no known stress other than fishing. Stock is experiencing no 
more than one known stressor. 

2. Moderate: Stock is experiencing limited stress other than fishing. Stock is experiencing no 
more than two known stressors. 
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3. High: Stock is experiencing moderate stress other than fishing. Stock is experiencing no 
more than three known stressors. 

4. Very High: Stock is experiencing high stress other than fishing. Stock is experiencing four 
or more known stressors. 
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Appendix B. Sea Level Rise Exposure in the United States South Atlantic 

Sea level rise is primarily due to the thermal expansion of seawater as temperatures increase and the 
melting of ice in glaciers and in the Greenland and Antarctic ice sheets (Sweet et al. 2017a, 2017b). 
Additional factors involve vertical land movement from tectonics, glacio-isostatic adjustments and 
subsidence, changes in metocean processes that alter sea surface heights (e.g., shifts in ocean 
currents, winds, air pressure), groundwater use, storage and extraction, and fossil fuel extraction 
(Sweet et al 2017a, 2017b). Currently, about two thirds of the global sea level rise is due to ice melt 
and about a third is due to thermal expansion (Sweet et al. 2017b). 
Owing to inertia in the climate system, climate change-related sea level rise will continue to 
manifest beyond the end of this century (Sweet et al. 2017a, 2017b). While sea levels have been 
relatively stable for the past 6,000-7,000 years (Donahue 2011, Blum and Roberts 2009), the rate of 
global sea level rise since 1900 has been faster than at any time in the past 2800 years and now 
stands at about 3.4 mm/yr (Sweet et al. 2017b). Global sea levels have risen between 16 and 21 cm 
since 1900, with about 50% of that rise occurring since 1993 (Sweet et al. 2017a, 2017b). Global sea 
levels are projected to rise an additional 9 to 18 cm by 2030 and another 15 to 38 cm by 2050 
(Sweet et al. 2017b) and there is little difference in sea level rise projections between emissions 
pathways during the first half of this century (Sweet et al. 2017a, 2017b). Uncertainty exists, 
however, and it is plausible that as much as 2.5 m of sea level rise could be experienced by 2100 if 
Antarctic ice sheet stability is an issue (Sweet et al. 2017b). Regional or local sea level rise may be 
substantially higher than the global average (Figure 1, Table 1) and this is the case especially in 
Georgia and the Carolinas, due to high wave exposure, a low-relief coastal slope, and abundance of 
barrier islands, with North Carolina displaying one of the highest vulnerabilities to sea level rise on 
the Atlantic coast (Ellin et al. 2013; Sweet et al. 2017b). It is also important to recognize that paleo 
records indicate that past global sea level rise rates have been substantially larger (up to 50 mm/yr) 
than 3.4 mm/yr (Sweet et al. 2017a). Coupled with changing extreme rainfall events, sea level rise is 
threatening a rapidly growing population, critical industries, and a significant tourism economy in 
the US Southeast (Carter et al. 2018). 
Sea level rise will likely influence the population dynamics of fishes and invertebrates via alteration 
of marsh, seagrass, mangrove, coral, and estuary habitats. These habitats all provide important 
ecosystem services to many fishes and invertebrates and are sensitive to sea level height (Craft et al. 
2009, Morris et al. 2002, Short and Neckles 1999, Duarte 2001, Nichols et al. 1999, Krauss et al 
2013). Because most of these habitats occur in nearshore zones, the largest sea level rise impacts are 
expected to occur in nearshore and estuarine habitats. 
The US South Atlantic is largely characterized by low relief coastlines that typically experience 
relatively small tidal ranges. One aspect of sea level rise is that it tends to shift the distribution of 
regional tidal sea levels toward higher stands. This means that high tides may result in larger and 
more frequent inundation of tidal habitats that are sensitive to sea level height (e.g., marsh, seagrass, 
mangrove, coral, and estuary habitats). This inundation may offer opportunities for habitats to 
develop in new areas (Craft et al. 2009), but it also means that conditions for existing habitats may 
become suboptimal, thereby reducing habitat productivity and ecosystem services provided (Duarte 
2002). An additional factor is the extent to which coastlines are or will be developed or armored. 
Developed or armored coastlines will tend to prevent shoreward movement of these habitat types 
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and thus limit the natural adaptive capacity any given habitat may have to deal with increased sea 
level height. 
Higher sea level stands will reduce the light levels in the water column in ways that are problematic 
for existing seagrass meadows. Growing seagrasses require irradiance that is at least 11% of the 
incident light levels at the surface (Duarte 2002). As sea level increases, light is attenuated 
exponentially by the deeper water column thus resulting in light limitations in the deeper areas of 
the meadow (Short and Neckles 1999). Furthermore, increased sea level height can be linked to 
higher coastal erosion rates which can in turn damage nearshore seagrass meadows (Short and 
Neckles 1999, Duarte 2002). At the same time, higher sea level stands may allow shoreward 
expansion of a given seagrass meadow by making available to subtidal seagrasses areas that were 
intertidal. 

 
Figure 1. Mean rates of relative sea level rise across the United States South Atlantic from 2000-
2050. Relative sea levels are rising across the U.S. South Atlantic with highest rates in the Carolinas, 
where vast low-lying coastal areas are particularly susceptible to sea level rise that may be affected 
by land subsidence and changes in oceanographic circulation (Carter et al. 2018).  
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Table 1 - Relative sea level rise trends for select tide gauge stations in the Southeast U.S. Atlantic 
Coast (listed north to south). The second column corresponds to the projected relative sea level rise 
by the year 2050 (based on the Intermediate-Medium scenario; baseline year 2000). The third 
column represents the projected average rate of sea level rise per year presented in Sweet et al. 
(2017b). 

Tide Gauge Station Total Projected Relative Sea 
Level Rise by 2050 (mm) 

Mean Relative Sea Level Rise Rate 
(mm/year) 2000-2050 

Cape Hatteras 500 10.0 
Beaufort 470 9.4 

Wilmington 440 8.8 
Springmaid Pier 440 8.8 

Charleston I 460 9.2 
St. Georges 360 7.2 
Fort Pulaski 470 9.4 

Fernandina Beach 430 8.6 
Mayport 430 8.6 

Daytona Beach 400 8.0 
Trident Pier 410 8.2 

Miami Beach 420 8.4 
Virginia Key 420 8.4 

Vaca Key 430 8.6 
Key West 420 8.4 

Cape Hatteras 500 10.0 
Beaufort 470 9.4 

Wilmington 440 8.8 
Springmaid Pier 440 8.8 

Charleston I 460 9.2 
St. Georges 360 7.2 
Fort Pulaski 470 9.4 

Fernandina Beach 430 8.6 
Mayport 430 8.6 

Daytona Beach 400 8.0 
Trident Pier 410 8.2 

Miami Beach 420 8.4 
Virginia Key 420 8.4 

Vaca Key 430 8.6 
Key West 420 8.4 

 

Scoring Exposure to Sea Level Rise 

Recent research suggests that sea level rise is increasing across the US South Atlantic and 
particularly in Georgia and the Carolinas (see Figure 1 and Table 1). Projections indicate that this 
pattern will continue through at least the remainder of this century with a worst case scenario of 2.5 
m of sea level rise by 2100 (Sweet et al 2017b). Current rates of sea level rise range from about 2.1 
to 9.6 mm/year (Table 1). Sea level rise rates between 2000 and 2050 are projected to range from 
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10.5 to 18.6 mm/year (Table 1) for the intermediate-high scenario of Sweet et al. (2017b). The 
realized sea level rise rates could be lower or higher than these projections. 
Sea level rise will likely influence the productivity of marine fisheries by altering the productivity 
and viability of important habitats such as marshes, seagrass meadows, mangroves, corals, and or 
estuaries. A given habitat’s capacity for adaptation to sea level rise appears to be dependent on local 
conditions and is a function of a host of processes (e.g., sediment supply, vertical accretion, 
tolerance to inundation and changes in salinity, interspecific competition, light levels), thus making 
generalities difficult. However, higher rates of sea level rise present greater challenges for all habitat 
types than do lower sea level rise rates. 
Using your expert knowledge of the life history of the species and regarding present and projected 
sea level rise (Figure 1, Table 1, and https://tidesandcurrents.noaa.gov/sltrends/sltrends.html), 
distribute the five tallies across the four bins (Low, Moderate, High, Very High) according to the 
following rubric: 

1. Low: Score stocks low if they do not rely on marsh, seagrass, mangrove, coral, or estuary 
habitats. 

2. Moderate: Score stocks moderate if they rely on marsh, seagrass, mangrove, coral, or estuary 
habitats, and the relative sea level trends within their range are 0 to 6 mm/year. 

3. High: Score stocks high if they rely on marsh, seagrass, mangrove, coral, or estuary habitats, 
and the relative sea level trends within their range are 6 to 9 mm/year. 

4. Very High: Score stocks very high if they rely on marsh, seagrass, mangrove, coral, or 
estuary habitats, and the relative sea level trends within their range are 9 or more mm/year. 
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Appendix C. Gulf Stream-Induced Upwelling Exposure Factor 

The southeast Atlantic Ocean and coastal region of the United States encompasses a large area from 
Cape Hatteras, North Carolina to Key West, along the Straits of Florida. The width of the 
continental shelf (< 100 m deep) varies across the region, ranging from about 10 km in southern 
Florida to 50 km off Cape Canaveral, Florida to over 120 km off Georgia. This region is identified 
as a Large Marine Ecosystem (LME) and has a surface area of about 300,000 km2. As a whole, the 
Southeast U.S. Continental Shelf LME is considered a moderately productive Class II ecosystem 
(150-300 gCm-2yr-1; Aquarone 2009), largely due to the interactions between the Gulf Stream and 
continental shelf waters, as well as substrate types. Substrates on the continental shelf and shelf-
break consist primarily of sand and mud substrates, with patches of hard, rocky temperate reefs 
scattered throughout the region (Miller & Richards 1980; Schobernd & Sedberry 2009). Tropical 
coral reefs also occur off southeastern Florida and the Florida Keys, with associated diverse fish 
communities, and deep-water coral pinnacles range from Florida to North Carolina (Lumsden et al. 
2007). 
The Gulf Stream, a powerful ocean current, is the dominant oceanographic feature that strongly 
influences the oceanographic and temperature dynamics of the outer (40 m – shelf break) 
continental shelf waters. It originates off south Florida, bringing warm water northward along the 
southeast coast of the U.S., and its meanders and warm and cold core eddies significantly affect the 
physical oceanography of the continental shelf and slope. These features also tend to aggregate prey 
and predators, and are frequently targeted by commercial and recreational fishing activities. The 
warming influence of the Gulf Stream allows tropical and subtropical species to inhabit areas as far 
north as North Carolina (Miller & Richards 1980), especially in deeper water (Whitfield et al. 2014). 
The inner (0-20 m) and middle (20-40 m) shelves are dominated by 18 estuaries, including the 
Albemarle-Pamlico Sound (the second largest estuary in the nation) and Indian River Lagoon, river 
systems, and their runoff; local winds; and Gulf Stream eddies (Atkinson et al. 1985; Lee et al. 
1991). Even so, the southeast U.S. Atlantic continental shelf is characterized by relatively low 
freshwater input as compared to other regions of the U.S. and lacks a nutrient rich water mass, such 
that inorganic nitrogen rarely accumulates in resident shelf waters (Yoder 1991). The mid-shelf 
current flow is strongly influenced by local wind events with frequencies of two days to two weeks. 
Vertically well-mixed conditions are present in fall and winter, in contrast with vertically stratified 
conditions in the spring and summer. 
The primary source for delivery of nutrients to the southeast U.S. continental shelf waters is the Gulf 
Stream. The Gulf Stream is a nutrient stream, transporting macronutrients (nitrate, phosphate, 
silicate) necessary for marine phytoplankton growth along the eastern continental margin of the 
United States from the Straits of Florida to Cape Hatteras at globally significant rates (Whitt 2019). 
Gulf Stream induced upwelling events of nutrient-rich North Atlantic Central Water (NACW) occur 
approximately every ten days, related to the strength and position of the Gulf Stream and upwelling-
favorable winds (Atkinson 1977, Lee & Atkinson 1983, Hyun & He 2010). Winter and spring 
conditions affecting wind and the density of shelf water usually inhibit the NACW from penetrating 
beyond the outer shelf. In contrast, summer wind conditions and warmer, less dense shelf waters are 
more favorable to allow penetration of NACW shoreward as a bottom intrusion of the outer and 
middle shelf, and the narrow inner shelf off Florida (Yoder et al. 1985; Yoder 1991). Upwelling 
typically occurs when the Gulf Stream is more intensive (higher flow), located closer to shore, and 
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southwest winds are consistently strong, causing deep, cold, nutrient-rich waters to replace surface 
waters that have been pushed northward and eastward (Aretxabaleta et al. 2006; Hyun & He 2010). 
The nutrient rich, cold NACW bottom intrusions give rise to plankton blooms and are the most 
important processes affecting summer plankton productivity where they occur (Yoder 1991). 
Plankton blooms, in turn, can affect life history processes at higher trophic levels such as fish larval 
development (Yoder 1983) and spawning (Checkley et al. 1988). Upwelling can also occur as Gulf 
Stream waters are deflected when encountering topographic features, such as the Charleston Bump 
(a bathymetric rise to 375 m on the continental slope from the relatively flat, >700 m depths of the 
Blake Plateau), resulting in permanent meanders, eddies, and persistent upwelling (Blanton et al. 
1981; Atkinson & Targett 1983; Govoni & Hare 2001). In addition to the Charleston Bump, eddies 
are known to propagate in this fashion in the southeast region off Miami, and downstream of Cape 
Canaveral. Upwelling and onshore transport in the cold core of frontal eddies pumps new nutrients 
from deep waters 500-700 m beneath the Gulf Stream directly onto the outer shelf and into the 
euphotic zone in cold, subsurface intrusions (Atkinson & Targett 1983; Lee et al. 1991). Pitts (1999) 
found high abundances of fish and crustacean larvae in cold upwelled water off central Florida and 
suggested that upwelling may play an important role in advecting larvae to the inner shelf and 
adjacent estuaries where settlement can occur. Govoni & Hare (2001) and Govoni et al. (2013) 
suggested that the upwelling, nutrient rich waters associated with eddies formed at the Charleston 
Bump enhance primary production and zooplankton assemblages, serve as nursery areas by 
providing a rich food supply for larval fishes spawned in or entrained into eddies, and can 
translocate larval fishes across the shelf. 
The Gulf Stream is part of the upper north-flowing limb of the Atlantic Meridional Overturning 
Circulation (AMOC), a large scale circulation system that influences the oceanography of the 
southeastern U.S. Atlantic. The AMOC has played a role in rapid climate change in the geologic 
past, and is known to not only influence the North Atlantic and surrounding landmasses, but also the 
Earth’s climate (Srokosz & Bryden 2015; Buckley & Marshall 2016; Caesar et al. 2018; Zhang et al. 
2019). In the Atlantic Ocean, the AMOC carries warm, near-surface waters (via the Gulf Stream) 
into far-northern latitudes and returns cold deep waters southward into the South Atlantic (Ezer et al. 
2013; Praetorius 2018; Whitt 2019). The AMOC is a major transporter of heat from the tropics into 
the North Atlantic, and changes in the AMOC are predicted to impact the volume transport of the 
Gulf Stream and have profound implications for climate change (Bryden et al. 2005; Ezer et al. 
2013; Smeed et al. 2014; Caesar et al. 2018). 
There is limited information on large-scale patterns of environmental change that can be attributed 
to climate change in the southeastern U.S. Atlantic region, due in part to incomplete region-wide 
ocean observing systems and limited knowledge on the influence of natural 
long-term variability (Hoegh-Guldberg et al. 2014). The Gulf Stream appears to be weakening 
along with the broader, related AMOC (Srokosz & Bryden 2015; Rahmstorf et al. 2015; Caesar et 
al. 2018; Smeed et al. 2018; Jackson et al. 2019), and future climate change scenarios predict further 
weakening (Liu et al. 2017), which may have implications for regional primary and secondary 
productivity patterns if it results in declines in the magnitude, duration or frequency of Gulf Stream-
related upwelling events. 
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Scoring Exposure to Gulf Stream-Induced Upwelling: 

Ideally, exposure is scored as the overlap between a species’ distribution and the magnitude of the 
expected climate change. Unfortunately, due to high uncertainty associated with how climate change 
will impact ocean circulation, we do not have maps showing the magnitude of the expected change 
to the AMOC and Gulf Stream. However, the description provided above suggests that the following 
assumptions are reasonable under future climate change scenarios: 1) the AMOC and Gulf Stream 
are predicted to lose strength (decreased flow), 2) resulting in fewer eddies and meanders, and 3) 
decreased upwelling associated with eddies, meanders, and topographic deflections (e.g., Charleston 
Bump). Therefore, we might expect those species with life history characteristics that tend to reside 
primarily on the inner shelf to experience a lower magnitude of change, and species with life history 
characteristics that result in time spent on the middle or outer shelf (where proximity to the Gulf 
Stream and upwelling are more pronounced) to experience a higher magnitude of change. Use your 
expert knowledge of a species’ distribution to determine where overlap with the Gulf Stream occurs. 
Species that have a high overlap with the Gulf Stream and upwelling should have a higher exposure 
score than species that have a low overlap with the Gulf Stream and upwelling. 
Descriptions of low (1) and high (4) exposure are provided as bookends of a continuum. Use your 
tallies across all four bins to represent your expert opinion of how much the species will be exposed 
to changes in Gulf Stream-induced upwelling. For example, if a stock spends some of its life cycle 
in an area with nearshore currents and partially outside this area, it should be scored between a 1 and 
4. If a species has a particular critical life stage, experts can weight their scores based on the areas 
where critical life stages occur. 

1) Low: Score stocks as low if their distributions overlap almost exclusively with inner shelf 
conditions. 
4) High: Score stocks as high if their distributions overlap almost exclusively with conditions 
on the middle or outer continental shelves, where changes in Gulf Stream transport, eddy 
propagation, and upwelling are expected to be experienced. 
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Appendix D. Climate model outputs for the five quantitative exposure factors used 
in the CVA: Air Temperature, Sea Surface Salinity, Sea Surface pH (proxy for 

Ocean Acidification), Sea Surface Temperature, and Precipitation.  

Outputs in the pages that follow are from the Earth Systems Research Laboratory Data Portal. 
Modeling was done using the RCP 8.5 scenario. Variable plots presented are:  

Upper left panel – Mean climate from the model for the historical experiment for the period 
1956-2005.  
Upper right panel – Difference in the mean climate in the future time period (2006-2055) 
compared to the historical reference period (1956-2005). The anomaly is standardized by the de-
trended interannual standard deviation for the historical reference period (1956-2005).  
Lower left panel – Interannual (detrended) standard deviation for the historical reference period 
(1956-2005).  
Lower right panel – Ratio of the de-trended variance in the future (2006-2055) divided by the 
past (1956-2005).  
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Appendix E. Species Information Sheets and Species Narratives. 
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Supporting Information. Species Narratives. 
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Almaco Jack ( Serio/a rivoliani)) 

overall Climate Vulnerability Rank: High. (44% bootstrap results in Moderate, 56% bootstrap 
results in High). The results of the bootstrap analysis indicated that Alma co Jack were 
borderline between a high and moderate overall vulnerability ranking. 

Climate Exposure: Very High. Four exposure factors contributed to lllis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) Salinity (3.9) and Currents (3.5). Exposure to all 
three factors occurs during the life stages. 

BjoJogjcaJ sensjtjyjjy: Moderate. Two sensitivity attributes scored above 2.5: Spawning Cycle 
(2.7) and Dispersal of Early Life Stages (2.5), two attributes for which little is known for Almaco 
Jack. This uncertainty likely led to the species being scored higher for these attributes. 

Distributional Vulnerability Rank: High. Two attributes indicated increased potential for 
distribution shift: adult mobility, and habitat specificity. Almaco Jack are habitat generalists that 
are highly mobile, and they have a fairly broad temperature tolerance as well. 

rnrectjonal Effect io the southeast u s Sheff: The effect of climate change on Almaco Jack on 
the Southeast U.S. Shelf is estimated to be neutral. The species is a highly mobile pelagic, 
open-ocean dweller which is widely geographically distributed. Almaco Jack does not rely on 
estuarine areas for critical early life stages, thus may avoid the impacts of anthropogenic 
stressors. Effects of Ocean Acidification are likely to be minimal. 

Data Quality: 58% of the data quality scores were 2 or greater. Data gaps for life history 
knowledge of Almaco Jack include early life history survival and settlement, dispersal of early 
life stages, complexity in reproductive strategy, and stock size/status. 

Climate Effects on Abundance and Distribution: Changing climate could have moderate to large 
effects on the abundance and distribution of Almaco Jack. The species enjoys fairly broad 
thermal tolerances and should not be greatly affected by moderate sea surface temperature 
increases. They are highly mobile fish and, coupled with this tolerance, would likely expand their 
range into warming northern waters. There may be effects of ocean acidification on certain diet 
components, although almaco jack may opportunistically switch to other items. The species 
does not use estuarine areas in their life cycle, but they do depend on offshore sargassum 
habitat for both food and refuge as juveniles, and disruption of currents might affect early life 
stage fitness and survival. 

Life History Synopsis: Almaco Jack enjoy a circumtropical distribution, occurring from Cape 
Cod south to Buenos Aires, Argentina. throughout the Gulf of Mexico, Caribbean, and in the 
Bahamas. The species has been found at depths from 3-252 m. Adu'.t Almaco Jack are mostly 
demersal in oceanic waters, in close proximity to the seafloor, are attracted to structure 
(reefs/ledges/wrecks) and are rarely found inshore (Smith-Vaniz et al. 2015). Juvenile Almaco 
Jack are opportunistic feeders in both the sarQassum and open water, eatin!l chaetoQnaths, 
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copepods, crustaceans and fish, primarily Decapterus scad (Casazza and Ross 2008). Adults 
eat primarily fishes. but also some crabs and shrimp (Manooch and Haimovici 1983, 
Smith-Vaniz et al. 2015). Adults are highly mobile, with no behavioral or physical constraints on 
their ability to move. Little is known of their reproductive biology. Almaco Jack are known to form 
spawning groups in Gladden Spit, Belize (Heyman 2001, Smith-Vaniz et al., 2015). Spawning 
occurs throughout spring, summer and fall. depending on water temperature (UWI 2020) Little is 
known from the literature of the early life stages of Alma co Jack. It is likely that larvae grow fairly 
rapidly, as other carangids do, living in the open ocean, in close proximity to sargassum habitat 
wnue 1uven11es. Almaco JacK occurs across a rainy wide range or temperatures wItnIn tnelr 
geographic distribution, but their preferred temperature range is repated as 22.1-28.6°C, mean 
27.3°C (Fishbase). Almaco Jack may be slightly affected by increasing ocean acidification due 
to the inclusion of some invertebrates in the diet of the juveniles; however they likely grow 
rapidly through that phase and switch to a diet consisting primarily of fishes. The species has a 
slow population growth rate, based on an age-at-maturity of 4.5 years, a relatively long longevity 
of 22 years. a large maximum size of >1 m total length, and fairly low growth coefficient K = 
0.13. These characteristics could make population recovery slow in Ille face of climate 
disruption. Almaco Jack have not been assessed in the Atlantic; the IUCN lists the species as a 
Species of Least Concern. Almaco Jack does not use estuarine or nearshore areas for its life 
stages, and thus will not likely suffer from other potential stressors such as habitat degradation, 
eutrophicalion. lionfish predation, etc. 
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American Eel - Anguilla rostrata 
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American Eel (Anguilla rostrata) 

Overall Climate Vulnerability Rank: High. (37% bootstrap results in High, 63% bootstrap results 
in Very High). 

Climate Exposure: Very Higi. Three exposure factors contributed to this score: Air Temperature 
(4.0), Ocean Acidification (4.0) and Salinity (3.8). American Eel will be exposed to Ocean 
Acidification and Salinity during the open ocean phase of their life history and will be vulnerable 
to temperature fluctuations curing tile riVerine portion of their life cycle. Tiley may be moderately 
vulnerable to Ocean Acidification as juveniles consume some crustaceans in their diet. 

Biological Sensitivity: Moderate. Six sensitivity attributes contributed to the moderate ranking 
witll scores greater than 2.5: Earty Life History Survival and Settlement (2.5), Complexity in 
Reproduction (2.7), Spawning Cycle (3.0), Population Growth Rate (3.2), Stock Size/Status 
(2.5) and Other Stressors (3.0). Utile is known of their early life history phase, and adults are 
thought to die after a single spawning event conducted after long migrations from the ocean to 
their natal riVerine systems. 

rnstrjbutjonal YYloerabmty Rank: Higll. Three attributes indicated increased potential for 
distribution shift: adult mobility, early life stage dispersal, and habitat specificity. American Eel 
are lligllly mobile, undertakilg long migrations from inshore nursery habitats to oceanic 
spawning grounds. 

Directional Effect in the Southeast U.S. Shelf: The effect of climate change on American Eel is 
estimated to be negative. Shifts in oceanic currents sucll as the Gulf Stream have the potential 
to affect larval dispersal, su!Vival, and recruitment, as American Eel spawn in the Sargasso Sea 
and leptocepllalus larvae rely on oceanic transport to reach estuarine nurseries. Successful 
recruitment could also be impacted by the effect of increasing temperature and reduced 
precipitation on the amount of freshwater flow into coastal estuarine areas. The effect of ocean 
acidification is likely to be minimal. 

Data Quality: 75% of the data quality scores were 2 or qreater. There are qaps (uncertainties) 
in data for Stock SiZe/Status, Complexity in Reproductive Strategy, and Otller Stressors. 

Climate Effects on Abundance and Distribution: Climate-driven changes in ocean circulation 
were identified as the likely cause of synchronous declines in American and European Eel 
recruitment (Castonguay etal. 1994), Wllile Bonhommeau et al. (200B) proposed that reduction 
in Anguillid recruitment worldwide was likely caused by decreases in oceanic primary production 
brought on by climate-driven processes. Sullivan et al. (2006), after t nding that abundance of 
glass eels entering estuaries was correlated to winter precipitation, hypothesized that increased 
freshwater flow into tile coastal ocean enhanced detection by returning glass eel. A warmer, 
drier climate could conversely lead to less successful recruitment due to reduced freshwater 
flow. Wllile the American Eel has life history characteristics indicating tile potential for 
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distribution shift, the species is already widely distributed along the entire Eastern Seaboard of 
the United States, and the ability to expand their distribution once in freshwater is limited. 

Life History Synopsis: American Eel is a species of large catadromous eel (family Anguillidae) 
that can attain large size (= 1.5 m). They are found from freshwater rivers to offshOre waters of 
the continental slope (Sargasso Sea). Juvenile American Eel habitat ranges from the 
headwaters of rivers, through the estuaries, and includes nearshore marine waters all the way 
out to the Sargasso Sea, where leptocephali larvae likely are carried by Gulf Stream currents 
while they develop. They rely on active transport to exit the Gulf Stream and reach 
estuarineinearshOre/riVerine areas. Adult habitat includes these nearshore/inshore areas as well 
as the marine environment. American Eels are vulnerable to anthropogenic alteration of 
nearshore habitat, and dams pose serious impediments to their upstream migrations. Larval 
American Eels feed on phytoplankton, zooplankton and detritus. while juveniles are 
opportunistic, consuming insects, crustaceans, and small fishes. Upon maturation, eels 
metamorphose to a silver stage eel and undertake a non-feeding migration from freshwater 
habitat to the marine spawning habitat in the Sargasso Sea (Mccleave 2001. McCairns et al. 
2005). American Eel are highly mobile with adults conducting long migrations (>1000km) from 
inshore habitat areas to the Sargasso Sea for spawning, and juveniles migrating back to inshore 
nursery habitat, where they remain for years until they mature. Climate-mediated changes to 
offshore current patterns and transport could have a deleterious effect on survival of American 
Eel. Spawning has not been observed in the wild, but based on size of leptocephalus larvae, 
timing is likely late Winter to early spring. American Eels are thought to be semelparous, dying 
after a single spawning event (based on lack of documented occurrences of spent American 
Eels). Little is known of the earliest life stages. Transparent leptocephali larvae hatch after about 
19 days and develop at sea, metamorphosing into elvers in nearshore waters and estuaries 
after drifting passively in currents for hundreds of kilometers. Elvers migrate into estuaries and 
rivers, staying there until attaining sexual maturity at between 3-30 years. Once mature, they 
migrate out of their riVers, estuaries and nearshore waters and begin the spawning migration 
back to the Sargasso Sea. American Eels occupy a fairly broad range of temperatures within 
their geographic distribution, from approximately 0.5 to 25° C (Fishbase.org). They are found at 
depths from 0-460 m. American Eels include some crustaceans in their diets as juveniles, but 
are generally opportunistic predators and the impacts of Ocean Acidification may be minimal. 
American Eel likely have a slow population growth rate, based on a high longevity (>43 yrs). a 
moderate to large maximum body size (50-150 cm, depending on labtude), a moderate growth 
coefficient, a high natural mortality rate, and large maximum body size. These characteristics 
combined indicate that American Eel would be vulnerable to population disturbances. American 
Eel stock status ana stock assessment reference points could not be determined by a 2017 
stock assessment (ASMFC 2017, but trends analyses indicated that the stock was still depleted, 
as abundance has continued to decline over time. American Eels are one, well-mixed, 
panmictic, breeding population which lacks appreciable phylogeographic population structure 
(Avise 2003). Potential stressors for American Eel populations are many, and include 
anthropogenic alteration of their inshore habitat (estuaries and riversI. including pollution as well 
as dams which inhibit their migrations upriver. Changes in precipitation patterns affecting 
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streamflow could be deleterious. American Eel are subject to parasi1ization by Angui/licoloides 
crassus, a parasitic swim bladder nematode. Zimmerman and Welsh (2012) found that 
length-at-age was lower in previously infected American Eels in the Potomac River watershed 

than those uninfected, potentially reducing reproductive capabilities. Hein et al. (2014) found 
parasite prevalence was higher in South Carolina than in New Yori< and Chesapeake Bay and 

possibly has been increasing over time. Additionally, the authors suggest that milder Winters due 
to climate change could increase infection. 
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American Shad - Alosa sapidissima 
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Data Quality = 100% of scores~ 2 

Alosa sapidissima 

Habitat Specificity 

Prey Specificity 

Adult Mobility 

Dispersal of Early Life S1ages 

"' Early Life History Survival and Settlement Requirements ., 
E Complexity in Reproductive Strategy -s 
<i'. Spawning Cycle >, 

-~ 
:e Sensitivity to Temperature 
"' i Sensitivity to Ocean Acidification (/) 

Population Growth Rate 

Stod( Size/Status 

Other Stressors 

Sensitivity Score 
Sea Surface Temperature 

Air Temperature 

i Salinity 

if Precipitation 
! 
:, Ocean Acidific;1tion ~ 
0 
a. 
X Sea L81181 Rise w 

currents 

Exposure Score 
Overall Vulnerability Rank 

Attribute Data 
Mean Uuallty 

2.6 2.6 

1.6 2.2 

1.9 3 

2.7 3 

3.2 2.2 

3.3 2.8 

3.8 3 

2.3 3 

1.1 2.6 

2 .4 2.6 

3.4 2.2 

3.4 2.8 

High 
1 0 

4 3 

3.7 3 

1 3 

4 2 

3.1 2.8 

2.2 2.8 

Very High 
Very High 

Expert Scores Plots 
(tames oy tin) 

' ' I 

-
' 
~ I 

I 

r7 --' 
I I 

' 

I 

I I --.._ 
I I 

iL 

□Low 

□Moderate 
□High 

■Very High 

g 



 

90 
 

American shad (Alosa aestivalis) 

Overall Climate Vulnerability Rank: Very High. (98% bootstrap results in Very High, 2% 
bootstrap results in High. 

Climate Exposure: Very High. Three exposure factors contributed to mis score: Salinity (3. 7), 
Ocean Acidification (4.0) and Air Temperature (4.0). American Shad are exposed to the effects 
of acidification and salinity during their marine life stages and to the effects of air temperature 
during their riverine spawning reproductive phase, moving inshore in:o estuarine/riverine areas 
to spawn. 

Biological Sensitivity: High. Five sensitivity attributes scored above 3.0, contributing to a High 
ranking: Early Life History SurviVal and Settlement (3.2), Complexity in Reproductive Strategy 
(3.3), Spawning Cycle (3.8), Stock Size/Status (3.4) and Other Stressors (3.4). American Shad 
have a low to moderate population growth rate. Adults spend the majority of their lives in the 
marine environment before migrating into riverine areas at age 4-5 to spawn, sometimes well 
upriver. Most populations in the U.S. Southeast are at all time low levels and have not recovered 
in recent years. During their riverine phase they are subject to anthropogenic disturbances 
(pollution, runoff, dredging, etc). 

rnstrjbutjonal vu1nerabmty Rank: Low. Three attributes indicated limited vulnerability to 
distribution shift: sensitivity to temperature, limited early life stage dispersal, and relatiVely high 
habitat specialization. American Shad exhibit high site fidelity, a characteristic Which limits the 
likelihood of distribution shift. 

rnrectjonal Effect in toe southeast u s Shelf: The effect of climate change on American Shad is 
estimated to be negative. Changes in streamflow (caused by changing precipitation patterns) 
and warming temperatures will likely cause decreases in productivity. Projected increases in 
salinity would likely negatively affect early life stages. Ocean acidification will impact some prey 
items. American Shad will likely be negatively impacted by anthropogenic disturbances to 
riverine/estuarine habitat. 

pata Quality: 100% of the data quality scores were 2 or greater. 

Climate Effects on Abundance and rnstnbution: Climate effects will impact the surviVal and 
productivity of American Shad along the East Coast. Changes in sprng river flows could affect 
recruitment (Crecco et al. 1986). Temperature is known to affect both larval growth and survival 
(Leach and Houde 1998). Reproductive success is influenced by the temperature of the natal 
river (Leggett and Carscadden, 1978). Increasing salinity would be detrimental to survival as the 
egg stage does not tolerate salt water (Chittenden 1973). 

Life History Synopsis: American Shad is an anadromous fish species, distributed in the 
southeastern United States in nearshore and estuarinetriVerine waters from North Carolina 
throuqh the St. Johns River in east central Florida. Adults occur in marine waters, spendinq the 
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majority of their life at sea, returning to freshwater streams to spawn (Morrow, 1980), sometimes 
traveling as far as 630 km upstream (Hildebrand 1964 ). Non-spawning adults are found in 
schools near the surface of continental shelf waters in spring, summer and autumn, also found 
in brackish waters (Hildebrand, 1964 ). Larvae spend their initial 3 to 4 months in 
riverine-nursery areas during summer and migrate out to sea by autumn. Juveniles form schools 
at 20-30 mm TL and gradually move downstream (Jones et al., 1978). Pre-migratory juveniles 
are habitat generalists, whereas earlier life stages and spawning adults are more selective 
(Ross et al. 1993). Juvenile American Shad diet is primarily planktonic, and includes copepods 
(e.g., ca1anus). eupnaus1as, ana mys1as. Aauns are Known to reea mainly on p1an1<ton and 
copepoas (Whitehead 1985), but have also been described as opportunistic (Chittenden 1976); 
they are known to slow or cease their feeding upon returning to freshwater to undertake 
upstream spawning migrations (Scott and Crossman 1998). Adults are highly mobile, migrating 
from offshore waters to several hundred km up natal streams to spavm, and young adults 
undertake reverse migrations from nursery areas to offshore waters. They are not physically 
limited in their ability to migrate. Atter living in the ocean most of their lives. adult American 
Shad migrate into rivers to spawn, usually at 4-5 years of age. These migrations are heavily 
influenced by increasing water temperatures. Climate-mediated changes in water temperature 
may affect the timing of migration, which may affect spawning and juvenile success and lead to 
a match-mismatch between predator and prey species (Boesch 2008). Conversely, migration of 
juvenile shad into the ocean in late summer/autumn is triggered by falling temperature, and 
migration to the ocean could be delayed due to warmer fall temperatures (Kane 2013). 
Planktonic larval duration is approximately three weeks. Eggs may float from 0-35 km in lower 
river/upper estuarine areas before hatching. American Shad occur across a wide temperature 
gradient (5-26"C) along the U.S. East Coast; in rivers of the U.S. soullleast coast their 
temperature range is 16-21.5 •c (Leggett 1976). They can occupy a large portion of the water 
column, from the surface to 250 m (Able and Fahay 2010). American Shad may be moderately 
affected by increasing ocean acidification as their diet consists primarily of items with chitinous 
shells, which ocean acidification has been shown to affect (Mustafa et al. 2015). American Shad 
population growth rate is judged to be moderate to low based on a fairly high growth coefficient, 
a medium maximum size, a delayed age-at-maturity (4-5 years), a lo'N to moderate maximum 
age, and an elevated natural mortality rate (based on high fecundity). Therefore, recovery of 
American Shad stocks in the southeastern U. S from population disturbances could be delayed. 
The last coastWide stock assessment for American Shad, completed in 2007, found that stocks 
are currently at all-lime lows and do not appear to be recovering. There are no coastwide 
reference points for American Shad. A benchmark stock assessment was initiated in 2017 to 
analyze American Shad stock status, with expected completion in the fall 2020. Primary causes 
for stock decline include overfishing, pollution and habitat loss due to dam construction and 
other habitat alteration. A peer review panel recommended that current restoration actions 
should be reviewed and new ones should be identified and applied, and suggested considering 
a reduction of fishing mortality, enhancement of dam passage and m~igation of dam-related fish 
mortality, stocking and habitat restoration (ASMFC 2020). 
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Anchovies - Engrau/is spp. 
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Anchovies (Anchoa hepsetus and Anchoa mitchil/11 

Overall Climate Vulnerability Rank: Moderate. (100% bootstrap results in Moderate). 

Climate Exposure: Very Hi!1J. Three exposure factors contributed to this score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (3.9). AnchOvies use coastal, 
nearshOre and estuarine ha>itats throughout their life. 

BjoJogjcaJ Sensjtjyjty: Low. No sensitivity attributes scored above 2.5: AnchOvies are short lived, 
fast growing species with relatively fast population growth rates. The species are habitat and 
prey generalists. and are not currently threatened by overexploitation wtthin their range. 

Distributional Vulnerability Rank: High. Three attributes indicated potential for distribution shift: 
high adult mobility, widely dspersing early life stages, and low habitat specialization. Anchovies 
are mobile fish found in estuarine, nearshore and coastal waters, and they have widely 
dispersing early life stages. 

Directional Effect on the Southeast U.S. Shelt The effect of climate change on anchovies on the 
Southeast U.S. Shelf is projected to be positive . AnchOvies enjoy a wide thermal and salinity 
tolerance. Bioenergetics models of Bay Anchovy from Chesapeake Bay predict that 
consumption of zooplankton will increase with warming waters (Lou and Brandl 1993), thereby 
increasing productiVity. The effect of ocean acidification over the next 30 years is expected to be 
minimal. 

Data Quality: 92% of the data quality scores were 2 or greater. Information was lacking for 
stock size/status, likely because the two species are not currently assessed by resource 
managers. 

Climate Effects on Abundance and Distribution: Few studies of the effect of climate change on 
Anchoa spp.have been conaucted. Bay Anchovy consumption of zooplankton was predicted to 
increase with increasing sea surface temperature in the Chesapeake Bay (Lou and Brandt, 
1993) An ecosystem bioenergetics study from the Black Sea indicated that population 
productivity of Anchovies would increase as temperature rises (G0raslan et al., 2014) . 

Ljfe History synopsjs: The Anchovies (bay anchovy and striped anchovy) are small schooling 
species found in estuarine and nearshore coastal waters out to 70 m from is a large 
reef-associated fish species found in continental shelf waters from Cape Hatteras. North 
Carolina, to the Yucatan Peninsula (Hoese and Moore, 1998). While the bay anchovy doesn't 
range past the Yucatan. the striped anchovy is found as far south as Uruguay. Both species 
have a fairly wide temperature range, with bay anchOvy found in waters from 4-39"C, while 
striped anchovy have been taken in temperatures from 15-35°C. Both anchOvy species are 
found in shallow coastal waters and brackish estuaries. Bay anchovies will use estuaries and 
lagoons with muddy bottoms to 25 m depth, and are found in salinities from 1-36 ppt, while 
striped anchOvies, while found in shallow estuaries, mostly utilize shallow coastal waters out to 
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70 m (Robinette 1983). Both Anchovy species specialize on zooplankton (primarily copepods) 
when young but diets become more generalist when older, with bay anchovy feeding on 
gastropods, isopods, mysid shrimp and small fishes, while adult striped anchovy feed on 
gastropods, foraminifera, ostracods, and an occasional annelid (Munroe, 2015; Peebles et al. 
2015). Neither species of Anchovy is limited in its mobility. Bay anchovy undertake seasonal 
offshore migrations in the northern part of their range. Both species are known to spawn during 
spring and summer months in northern areas and year round in the southern part of the range. 
Spawning usually commences after water temperatures reach 20°c. Spawning areas range 
rrom In or near estuanes to tne continental sneIr. Timing or spawning has oeen hypotnesIzea to 
co-occur with timing of copepod abundance. Bay anchovy eggs hatch in 24 hr at room 
temperature, while striped anchovy eggs hatch at 48 hr at a water temperature of 19" to 21°c. 
Larval duration in bay anchovies from the Newport River Estuary, NC, is around 45 days, at 
which time individuals of approximately 22.5 mm complete metamorphosis. Rapid larval growth 
rates likely allow animals spawned early in the season (May to early June) to mature and spawn 
by late summer or early fall of the same year (Fives et at. 1986). Anchovies have little or no 
reliance on prey items likely to be affected by ocean acidification. Anctiovies have a rapid 
population growth rate, based on their fast growth rate, high natural mortality (Acosta 2000), a 
short lifespan comprised of multiple year classes (Able et at. 2001), and early age at maturity 
(Peebles et at. 2007). The species should have the ability to recover quickly from population 
disturbances. Anchovies have not been assessed in the southeastern U.S., but there do not 
appear to be any substantial threats to this species. It is exploited in parts of its range, but this is 
not expected to impact its global population. Potential stressors for anchovies include habitat 
alteration/degradation of the estuarine habitat they utilize, decreases in freshwater input into 
estuaries (Kelble et at. 2010), and excessive predation on all life stages of the species by a 
number of predators (e.g., weakfish, striped bass, etc). 
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Atlantic Croaker - Micropogonias undulatus 

Overall Vulnerability Rank = Moderate 0 

Biological Sensitivity = Low□ 
Climate Exposure = Very High ■ 

Data Quality = 83% of scores ;c: 2 
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Atlantic Croaker (Micropogonias undu/atus) 

Overall Climate Vulnerability Rank: Moderate. (94% bootstrap results in Moderate, 6% bootstrap 
results in High). 

Climate Exposure: Very Higi. our exposure factors contributed to this score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0), Salinity (3.9) and Sea Level Rise (3.6). Atlantic 
Croaker use shelf/coastalinearshore habitats as adults and have an obligate 
freshwater/estuarine existence during early life history stages, thus making the species 
potentially vulnerable to increasing sea level rise. 

Biological Sensitivity: Low. No sensitivity attributes scored above 2.5: Early Life History Survival 
and Settlement Requirements (2.4) was borderline between low and moderate, likely due to 
their estuarine habit as young of the year/juveniles. Adults spawn offshore on the continental 
shelf and pelagic larvae are dependent on current transport into estuarine nursery areas. 

Distributional Vulnerability Rank: High. Three attributes indicated higher potential for distribution 
shift: adult mobility, widespread early life stage dispersal, and relatively low habitat 
specialization. 

rnrectjonal Effect io the southeast u s Shelf: The effect of climate change on Atlantic croaker 
on the Southeast U.S. Shelf is projected to be positive. Recruitment and abundance will likely 
increase as a result of warming temperatures. although this positive result may be offset 
somewhat by projected increases to salinity or changes to offshOre currents. necessary for 
larval transport to estuarine nursery areas. The effect of ocean acidification over the next 30 
years is expected to be minimal. 

pata Quality: 83% of the data quality scores were 2 or greater. Small data gaps were found to 
exist for stock size/status and dispersal of early life stages. 

Climate Effects on Abundance and Distribution: Studies have posited that climate may have a 
variety of effects on productivity and distribution of Atlantic Croaker. Warming climate is 
predicted to lead to increasilg recruitment and higher abundance, which could lead to a shift in 
distribution northward (Hare et al. 2010). While Diamond et al. (2013) predicted that warming 
temperatures would positively affect Atlantic Croaker in the mid-Atlantic, they also predicted that 
increased variability in salinity, increased offshore transport due to changes in oceanic 
circulation patterns, and sea-level rise would have negative effects. 

Life History Synopsis: Atlantic Croaker are a small-medium (up to 55 cm, common size 30 cm) 
demersal member of the drum family (Sciaenidae). Along the southeastern U. S. they range 
from North Carolina through central Florida, and from Tampa Bay north through the Gulf of 
Mexico around to the Yucatan Peninsula and Cuba (Castro-Aguirre et al. 1999). Post-larvae and 
juveniles are obligate estuarine-freshwater nursery users. Pelagic young of year (YOY) of 8-20 
mm total length (Tl) leave shelf waters and enter larqer estuaries, eventually movinq into 
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nursery habitats associated with low-salinity tidal creeks (Able and Fahay 1998, Norcross 1991). 
Preferred habitat of adults is sandy-mud bottoms in inshOre coastal waters, remaining in 
shallower water until they move to the continental shelf waters (out to 200 m) in fall to spawn 
and overwinter. The major prey of young-of-the-year Atlantic Croaker are polychaetes, 
copepods, and mysids (FFWCC 2010; Sink, 2011; Soto et al. 1999). Detritus is also a major 
component of the juvenile diet. Adult Croaker collected in Chesapeake Bay ate primarily 
polychaetes, anchovies, mysid shrimp, amphipods, fishes and crabs, as well as detritus (Nye, 
Lowensteiner and Miller 2011 ). Adults are mobile, but not highly so. They conduct 
Insnore-otrsnore migrations oetween nursery grounas ana spawning areas. Tney nave oeen 
found to be limited in their mobility by hypoxic events (Craig and Crowder 2005). Atlantic 
Croaker spawn predominantly on the continental shelf, at depths ranging from 7 to 81 m, but 
also in tidal inlets and estuaries (Diaz and Onuf 1985; Able and Fahay 2010). Exact spawning 
locations may be related to warm bottom waters (Miller et al. 2002). Street et al. (2005) reported 
spawning occuring at water temperatures of 16-25°C in North Carolina, while Norcross and 
Austin (1988) concluded spawning was correlated with bottom temperatures higher than 16°C in 
the Mid Atlantic Bight. In Chesapeake Bay and North Carolina, spawning begins as early as 
August and usually peaks in October (Diaz and Onuf 1985), but may continue until February in 
North Carolina (Warlen 1982). Pelagic larvae are transported into esluaries via flood tides, 
upstream bottom currents, and other large-scale and localiZed oceanographic processes 
(Joyeux 1998). Larvae entering Chesapeake Bay were typically 20- 26 days old and 5-7 mm 
SL (Nixon and Jones 1997). Larvae are initially pelagic, but move to brackish bottom waters on 
ebbing tides to complete their development into juveniles (Miller 2002). Atlantic Croaker enjoy a 
fairly wide range of temperatures within their geographic distribution, from approximately 14 to 
27° C (Fishbase). Larvae are more tolerant of colder temperatures, but extreme cold events are 
a likely source of larval mortality. Atlantic Croaker are not likely to be affected by increased 
ocean acidification as they are not dependent on shell-forming taxa in their diet. Atlantic Croaker 
have a moderately fast population growth rate, based on a growth coefficient of 0.20-0.36, a 
maximum age of 11 years, a relatively small maximum body size (550 cm, average size 30 cm) 
and an intermediate natural mortality rate (mean of methods 0.28) (Foster 2001 ). Thus, 
populations of Atlantic Croa<er should be capable of recovering from population disturbances 
without difficulty. A stock assessment (ASMFC 2017) was unable to determine stock status of 
Atlantic Croaker with confidence, but noted the base model and all sensitivity runs evaluated 
suggested the spawning biomass was increasing. The panel agreed that recent removals are 
likely sustainable (i.e., unlikely to result in further depletion of Atlantic Croaker), and no 
immediate management actions were recommended. A genetic study found weak stock 
structure between Atlantic Croaker populations in tile Gulf of Mexico and SEUS Atlantic waters, 
but no evidence of genetic differences in Atlantic Croaker along tile Eastern Seaboard of tile U. 
S. (Lankford et al. 1999). Juvenile Atlantic Croaker may be affected by anthropogenic activities 
such as hydrological modifications (ditching and channelization). pollution, hypoxia caused by 
eutrophication, alteration of natural shorelines, and harmful algal blooms. 
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Atlantic Menhaden - Brevoortia tyrannus 
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Biological Sensitivity = Low□ 
Climate Exposure = Very High ■ 

Data Quality = 100% of scores~ 2 

Brevoortia tyrannus 

Habitat Specificity 

Prey Specificity 

Adult Mobility 

Dispersal of Early Life S1ages 

"' Early Life History Survival and Settlement Requirements ., 
E Complexity in Reproductive Strategy -s 
<i'. Spawning Cycle >, 

-~ 
:e Sensitivity to Temperature 
"' i Sensitivity to Ocean Acidification (/) 

Population Growth Rate 

Stod( Size/Status 

Other Stressors 

Sensitivity Score 
Sea Surface Temperature 

Air Temperature 

i Salinity 

if Precipitation 
! 
:, Ocean Acidific;1tion ~ 
0 
a. 
X Sea L81181 Rise w 

currents 

Exposure Score 
Overall Vulnerability Rank 

Attribute Data 
Mean Uuallty 

1.4 3 

1.5 2.8 

1.4 3 

1.6 3 

2.8 2.8 

2 2.8 

1.8 3 

1.7 2.6 

1.2 2.4 

1.4 3 

1.8 2 

1.7 2.2 

Low 
4 3 

1 0 

3.9 3 

1 3 

4 2 

3.5 3 

2.4 3 

Very High 

Moderate 

Expert Scores Plots 
(tames oy tin) 

r7------... 

I 

r7------... 

I 

I 

' 
,-----i 

IL 
-I 

' 

' 

-n --I I 
iL 

□Low 

□Moderate 
□High 

■Very High 

23 



 

104 
 

Atlantic Menhaden (Brevoortia tyrannus) 

Oyerau Climate vu1nerabilit( Rank: Moderate. 100% bootstrap results in Moderate. 

Climate Exposure: Very Hi!tt. Four exposure factors contributed to this score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0), Salinity (3.9), and Sea Level Rise (3.5). Atlantic 
Menhaden are estuarine-dependent oceanic spawners. The species is a well-managed 
exploited fishery species and is not considered overfished or undergoing overfishing. 

Biological Sensitivity: Low. A single sensitiVity attribute scored above 2.5: Early Life History 
Survival and Settlement Requirements (2.8). The species is a well-managed exploited fishery 
species and is not considered overfished or undergoing overfishing. 

Distributional Vulnerability Rank: High. Atlantic Menhaden are habitat generalists that are highly 
mobile and have widely dispersive early life stages. 

rnrectjonal Effect on the southeast u s Shelf: The effect of climate change on Atlantic 
Menhaden on the Southeast U.S. Shelf is expected to be neutral. Increased recruitment linked 
to wanning temperatures could increase productiVity of stocks on the southeast shelf. This 
increased productivity could be offset by emigration out of the region if Atlantic Menhaden shift 
their distribution northward as those waters wann and become suitable habitat. The effect of 
ocean acidification over the next 30 years is likely to be moderate, as copepods are a large 
portion of the diet of Atlantic Menhaden. 

Data Quality: 100% of the data quality scores were 2 or greater. Atlantic menhaden are a 
well-studied and highly managed species with minimal data gaps. 

cumate Effects on Abundance ang rns)rjbution: wood and Austin (2009) in a study from 
Chesapeake Bay suggested that Atlantic Menhaden productivity may change with changes in 
precipitation and temperature. Atlantic Menhaden distribution is already changing, with a 
northward range expansion into the Gulf of Maine reported during wanning periods (Dow 1977). 
Walsh et al. (2015) documented that the time of spawning of Atlantic Menhaden in the Northeast 
U.S. Shelf has also changed with more spawning in spring in recent years. Atlantic Menhaden 
spawn offshOre and rely on larval transport by currents; thus. changes in oceanic circulation 
patterns could affect survival of potential recruits (Rogers and Van Den Avyle 1989). Copepods 
are an important diet component for Atlantic Menhaden, and a receni study has shown that 
copepods are affected by increasingly acidic conditions. The deleterious effects of ocean 
acidification are reinforced by other stressors likely to be present. such as thennal stress (Wang 
et al. 2018). 

I jfe Hjs)ory ~nopsjs: Atlantic Menhaden are estuarine-dependent and marine, migratory 
members of the Clupied family. They form large, near-surface schods which are harvested by a 
large industrial purse-seine fishery centered in Virginia's territorial sea (Smith 1991 ). Atlantic 
Menhaden range from central Florida to the Gulf of Maine, although the center of their 
distribution is from the Cardinas through the Mid-Atlantic; during summer Atlantic Menhaden 
segregate along the Eastern Seaboard by size and age with larger and older individuals 
occurring farther north (Ahrenholz 1991). Adults reside in nearshore coastal waters and bays 
and large estuaries (Rogers and Van Den Avyle 1989). Spawning occurs in ocean waters, 
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although there is evidence that in the northern half of the species· range some spawning may 
occur in large bays and sounds (e.g., Long Island Sound and Narragansett Bay). Some degree 
of spawning is believed to occur almost all months of the year; spawning intensity tends to peak 
during the fall migration south. in Winter off the Carolinas, and again in spring as the adults 
move north; in the Gulf of Maine some spawning occurs during summer (Ahrenholz 1991 ). Egg 
hatching times vary as a function of temperature. but are generally less than 48 hrs at 18°C 
(Ahrenholz 1991). Larvae. which are estaurine dependent. ingress and settle in the upper 
reaches of coastal estuaries and are reliant on Winds and currents for inshore transport (ASMFC 
?010): IP.mpP.r.:il11rP., salinity anc1 nlhP.r physir.al r.uP.s arP. nn c1n11ht imJ)Ortant in this prnr.P.s.<; 
Juveniles utilize estuaries as nursery grounds; they may spend up to their first full year in these 
areas. moving farther down-estuary as they grow, after which they tend to join the adult stock in 
coastal migrations as age-1 fish (Ahrenholz 1991). Since juveniles and adults are dependent on 
the estuaries during various phases of their life histories, detrimental effects to estuarine 
habitats will have negative impacts on Atlantic Menhaden. Based on extensive tagging studies 
(Nicholson 1978) and genetics wor1< (Lynch et al. 2010a), Atlantic Menhaden are believed to be 
a unit stock and are treated as such for stock assessment purposes. Juvenile and adult Atlantic 
Menhaden are obligate filter feeders and they strain phyto- and zooplankton from the water 
column by the sieving properties of their gill rakers (Friedland et al. 2006). The size and quality 
of plankton in the diet of Atlantic Menhaden changes ontogenetically. Juvenile menhaden tend 
to consume larger quantities of phytoplankton (Friedland et al. 2006; Lynch et al. 2010b). while 
adults tend to graze more on zooplankton. including copepodites and adult copepods (Friedland 
et al. 2011 ). Vascular marsh detritus and cellulose may also enter into the menhaden diet 
(LeWis and Peters 1984 ). As one of the most abundant filter feeders on the US East Coast. 
Atlantic Menhaden form an important link between the primary producers and various 
piscivorous fish. seabirds and marine mammals. Preferred water temperature range of Atlantic 
Menhaden is reported as 7.5 - 24.4°C with a mean of 13.2"C (OBIS; Fishbase.org). Maximum 
age for Atlantic Menlladen is about eight years. although most fish in the commercial catch are 
less than age-6; many reach sexual maturity at age-1 (ASMFC 2010;. Tne most recent 
published stock assessment for Atlantic Menlladen reports that the stock is not overfished, nor 
is overfishing occurring (ASMFC 2017). 
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Atlantic Sharpnose Shark - Rhizoprionodon terraenovae 
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Atlantic Sharpnose Shark (Rhizoprionodon terranovae) 

Oyerau Climate YYloerabilit( Rank: High. (96% bootstrap results in High, 4% bootstrap results in 
Moderate. 

Climate Exposure: Very Hi!1). Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (3.9). Exposure to all three factors 
occurs during the life stages. Atlantic Sharpnose Sharks use estuarine, nearshore coastal and 
offshore habitats throughout their life stages. and an inclusion of molluscs and crustaceans in 
their diet may make them moderately vulnerable to increasing ocean acidification. 

Biological Sensitivity: Moderate. Three sensitivity attributes scored ~ 2.5: Spawning Cycle (2.5), 
Population Growth Rate (2.7), and Other Stressors (2.8). The species is moderately long-lived 
(18 years) and grows relatively fast, but has a gestation period of almost a year. Adults undergo 
inshore-offshore seasonal movements, and are likely subjected to environmental stressors while 
in their juvenile estuarine areas. 

Distributional Vulnerability Rank: High. Three attributes indicated increased potential for 
distribution shift: high adult mobility, early life stage dispersal, and a habitat generalist habit. 

Directional Effect on the Southeast U.S. Shelf: The effect of climate change on Atlantic 
Sharpnose Sharl< is estimated to be neutral. The species is widely distributed along the eastern 
seaboard and inhabits waters from inshore estuaries out to the continental shelf. There is no 
information suggesting either negative or positive directional effects of climate change. 

Data aualjty: 100% of the data quality scores were 2 or greater. 

Climate Effects on Abundance and Distribution: Atlantic Sharpnose Sharl< may be moderately 
affected by ocean acidification due to the inclusion of crustaceans, molluscs and copepods in 
their diets (Bethea et al. 2006), although they likely have the flexibility to switch to teleosts if 
necessary. Rosa et al. (2014) found that rising temperatures and decreasing pH (increasing 
ocean acidity) significantly affected the routine metabolic rates of juvenile bamboo shar1<s and 
led to a rapid decline in survival. 

Life History Synopsis: Atlantic Sharpnose Sharl< is relatively small (max. length approx. 120 
cm) coastal shark with a ubiquitous distribution ranging from high-salnity waters of estuaries, 
across the continental shelf, and to offshore depths up to 200 m along the us South Atlantic 
coast (Branstetter 1981; Ccmpagno 1984; Gelsleichter et al. 1999; Cortes et al. 2009; Carlson 
et al. 2008). Nursery and birthing areas are enclosed large bays and sounds, which may offer 
protection from larger shar1<s, and residence time by juveniles in these areas is variable 
(Branstetter 1981; Carlson et al. 2008); as such, inshOre juvenile habitats may be prone to 
anthropogenic degradation, development, and exploitation. Young-of-the-year consume mostly 
teleosts (sciaenids) and shrimps (Bethea et al. 2006); adults tend to feed on cephalopods, 
crustaceans, and teleosts (sciaenids), although diet composition may vary by locale (Bethea et 
al. 2006; Gelsleichter et al. 1999; Plumlee and Wells 2016). Given that crustaceans are a 
component of their diet, Atlantic Sharpnose Sharl< may be moderately sensitive to the effects of 
ocean acidification. Adults are highly mobile and undergo a seasonal inshore-offshOre migration 
with their winter habitat being deeper, offshOre waters (Compagno 1984; Parsons and 

28 



 

109 
 

Hoffmayer 2005). In summer adult males tend to move to offshOre waters, although Ille extent 
of their vertical migrations is unknown (Parsons and Hoffmayer 2005). Atlantic Sharpnose 
SllarKs are viViparous with a gestation period of 10-12 months; parturition occurs May to July 
and pups are about 30 cm at birth (Parsons 1983; Loefer and Sedberry 2003). Atlantic 
Sllarpnose Sharks are fast growers with von Bertalanffy growth rates of 0.61 for females and 
0.49 for males; females mature between 2.8-3.9 years and mates beiween 2.4-3.5 years; 
maximum age is reported to be 18 years and natural mortality is relatively tow at 0.209-0.256 
(Branstetter 1981; Loefer and Sedberry 2003; Parsons 1985; SEOAR34 2013). Due to their 
nP.;irshorP. '1istrih11tion. Atl;intir. Sh;irpnoSP. Sh;ir1<s ;irP. potP.n ti;illy susr.P.ptihlP. to h,1rrnf11I ,1Jg,1I 

blooms; indeed, mortalities were documented in tile northern Gulf of Mexico during a bloom of 
Karenia brevis (Flewelling et al. 2010). Mercury levels in this species were higher than the 
0.5-ppm tllreshOld deemed safe for human consumption (Adams and McMichaet 1999). 
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Atlantic and Gulf Sturgeon - Acipenser oxyrinchus 
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Atlantic sturgeon (Acipenser oxyrhinchus) 

Overall Climate Vulnerability Rank: Very High. (91 % bootstrap results in, Very High, 9% 
bootstrap results in High). 

Climate Exposure: High. Four exposure factors contributed to this score: Air Temperature (4.0), 
Ocean Acidification (4.0), S3Iinity (3.4) and Sea Level Rise (3.4). Exposure to all factors occurs 
during the life stages. Atlantic Sturgeon are estuarine dependent, with adults spawning in the 
estuarineiriVerine areas and juveniles remaining there for as long as 5 years. 

Biological Sensitivity: Very High. Three sensitivity attributes scored.: 3.5: Dispersal of Early Life 
Stages (3.6),Population Growth Rate (3.6), and Stock Size/Status (3.8). Juvenile Atlantic 
Sturgeon remain in their natal riVer for a lengthy period of time; the species is long-lived and 
slow growing, and most populations on the East Coast have been classified as depleted. 

rnstrjbutjonal vu1nerabjljty Rank: Low. Three attributes indicated limited ability to undergo a 
distribution shift: sensitivity to temperature, limited early life stage dispersal, and relatiVety high 
habitat specialization. 

Directional Effect in the Southeast U.S. Shelf: The effect of climate change on Atlantic Sturgeon 
is projected to be negative. Three climate factors have the potential to decrease productivity 
(sea level rise, increasing temperature, and increasing salinity). Sensitive biological attributes 
(low population growth rate, stock size/status) likely interact With climate exposure factors to 
affect productivity. 

Data aua!jty: 100% of the data quality scores were 2 or greater. 

Climate Effects on Abundance and rnstrjbutjon several studies indicate that Atlantic sturgeon 
will be impacted by climate change. Water temperature affects rate of maturation, timing of 
spawning migrations, and incubation time for fertilized eggs. Increasing temperature makes 
Atlantic Sturgeon more susceptible to hypoxia (Secor and Gunderson 1998). Changes in 
timinq of larval/juvenile de•,elopment could lead to mismatches in prey occurrence. 
Multivariable bioenergetics and survival modelling studies found that a 1 °C temperature 
increase reduced productivtty by 65% in Chesapeake Bay (Niklitschek and Secor 2005). 
Increasing salinity in estuarine habitat could limit suitable spawning nabitat (Smith 1985) and 
cause increasing mortality of egg, larval and juvenile life stages, which are not tolerant of 
salinities above 5 ppt (Bain 1997). 

Life History Synopsis: Atlantic Sturgeon is a large diadromous fish species found in marine and 
estuarine waters from Canada to Cape Canaveral, Florida (ASMFC 2009, Bigelow and 
Schroeder 1953). Juveniles are estuarine dependent, mostly associated with areas that are soft 
or silty. Subadults and adulls utilize the marine environment. typically in waters less than 50 m 
in depth, inhabiting coastal oays, sounds, and ocean waters (Murawski and Pacheco 1977). 
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Juvenile Atlantic Sturgeon are considered omnivores that feed on aquatic insects, insect larvae, 
and other invertebrates. Adults are benthic feeders. Diets of adult and migrant subadult Atlantic 
Sturgeon include mollusks, gastropods, amphipods, annelids, decapods, isopods, and some 
fish such as sand lance (Bigelow and Welsh 1924, Guilbard et al. 2007, Mclean et al. 2013). 
Adults are highly mobile, undertaking yearly movements generally described as into estuaries in 
spring and returning to ocean waters in fall, although detections in either ocean or estuarine 
environments have occured in all seasons. Additionally, tagging studies have shown ocean 
migrations of up to 1,450 km (Dovel and Berggren 1983). Atlantic Sturgeon migrate to spawning 
areas Wltnln a specinc time period triggered oy water temperature, With mates mtgraung first and 
females arriving later. Males and females do not necessarily spawn every year, and while 
tagging studies and genetic analyses provide evidence that Atlantic Sturgeon return to their 
natal rivers for spawning, fish may occur on the spawning grounds during spawning season but 
may not spawn. Migrations into coastal tidal rivers begin as early as February in the southern 
portion of the range and continue through June and July in northernmost waters. Spawning 
occurs in freshwater or brackish estuarine rivers with sufficient flow, DO. and suitable substrate 
for successful egg development, when water temperatures reach 13-18°C. Fertilized eggs 
become sticky and adhere to the bottom substrate (i.e., no planktonic stage). Hatching occurs 
after 4-5 days. Larval stage lasts approximately 4 weeks. Larval Atlantic Sturgeon are thought to 
remain in the same habitat they were spawned in, and juveniles may remain in the rivers for 2-5 
years before migrating out into the marine environment (Jones et al. 1978). Atlantic Sturgeon 
occupy a broad temperature range from 4-24°C, with mean temperature occurrence of 17°C 
(Fish base). Several life history characteristics, such as liming of spawning migrations, rate of 
maturation, and incubation time of fertilized eggs, are all dependent upon water temperature, 
and climate-mediated changes to water temperature profiles could a1fect Atlantic Sturgeon. 
Atlantic Sturgeon should be affected minimally by increases in ocean acidification, as their diets 
are not reliant on diet items with calcium carbonate shells. Atlantic sturgeon exhibit life history 
traits that make them vulnerable to population disturbances (low growth coefficient. delayed 
age-at-maturity, large asymptotic length, extended longeVity, low natural mortality rate). and the 
species is likely to be slow to recover. A recent stock assessment by the ASMFC classified all 
East Coast populations as depleted based on the total mortality estimates and 
biomass/abundance status relative to historical levels (ASMFC 2018). Overfishing was likely the 
initial cause, but in recent decades habitat destruction and alteration has had more of an effect. 
Potential stressors for Atlantic Sturgeon include alteration of their riverine/estuarine habitat, 
dredging, dam construction, upstream water withdrawals, and decreased water quality 
(pollution). Spawning and nursery habitat has likely been lost in many river systems on the East 
Coast. Lowered oxygen events in estuarine waters would be detrimental to eggs, larvae and 
juveniles. Altered stream flows could affect survival of early life histol)' stages. Mortality of 
Atlantic Sturgeon by a red tide event has been documented (Fire et al. 2012). 
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Belted Sandfish - Serranus subligarius 

Overall Vulnerability Rank = Moderate 0 
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Belted Sandfish (Serranus subligarius) 

Oyerau Climate YYloerabilit( Rank: Moderate. (8% bootstrap results in High, 92% bootstrap 
results in Moderate). 

Climate Exposure: Very High. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (4.0). Exposure to all three factors 
occur during the life stages. Belted Sandfish are found in nearshore and coastal habitats 
ranging from jetties to artificial reefs to rocky hardbottom. 

Bjo!ogjcal Sensjljyj)y: Low. No sensitivity attributes;:, 2.5, although Sensitivity to Temperature 
(2.4) and Sensitivity to Ocean Acidification (2.4) were borderline. 

Distributional Vulnerability Rank: Moderate. Three attributes indicated a moderate potential for 
distribution shift: adult mobility, dispersal of early life stages, and a preference for solid substrate 
as the habitat of adults. 

Directional Effect on the Southeast U.S. Shelf: The effect of climate change on Belted Sandfish 
on the Southeast U.S. Shelf is estimated to be neutral . While there may be moderate indirect 
effects of ocean acidification through preferred diet items, the species is a resident of mid-depth 
rocky hardbottom environments out to 42 m and not expected to be impacted by nearshore 
shallow water temperature ilcreases. 

Data Quality: 58% of the data quality scores were 2 or greater. 

Climate Effects on Abundance and Distribution: There have been no targeted studies of the 
effects of climate change on Belted Sandfish. The species may be moderately affected by 
ocean acidification. The species has a fairly narrow preferred temperature range, 23-27°C 
(Fishbase.org) and fitness and survival might be impacted by increasing temperatures. 

Ljfe Hjstory synopsjs: Belted Sandfish are small, territorial sea bass reported from North 
Carolina, rare in FL Keys, occurs throughout the Gulf of Mexico to Mexico and the Yucatan 
Peninsula. It is also known irom Cuba and Belize (Fishbase; Claro. 1994; ReefNet, 2007). Both 
juvenile and adults display lacultative habitat utilization and occur near the bottom over rocky 
and mixed habitats. near jetties, artificial reefs, and rock outcroppings from one to 42 m 
(Fishbase; Hastings & Bertone 1980; Oliver 1997; Anderson et al. 2015). It is an efficient 
colonizer of artificial reef habitats and often dominates the fish fauna on inshore jetties and 
offshore platforms (Hastings and Bertone 1980; Anderson et al. 2015). Adults reach a maximum 
length of 10 cm total length (TL) and a maximum age of 4-5 years (Robins and Ray 1986; Oliver 
1997). In individuals less than 40 mm SL, copepods were the most numerous food item. but 
gammaridean amphipods and shrimp were the most important items by weight. In individuals 
larger than 40 mm SL, gammaridean and caprellid amphipods were the most numerous food 
items, however, crabs, shrimp, and fishes were the most important food items by weight. Of the 
15 fishes consumed, seven were Hypteurochi/us geminatus. Other identifiable fishes were 
Opsanus beta, Eucinostomus argenteus, and one S. subtigarius (Hastings & Bortone 1980). 
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Belted Sandfish are generally not highly mobile. They are rarely observed over sand more than 
one meter away from solid substrate (Hastings 1972; Hastings & Bartone 1980). However, 
Hastings (1972) and Hastings and Bartone (1980) observed the sud<len appearance of large 
(age 2-4) individuals at inshore localities in spring and sunnised thats. subligarius probably 
leaves inshore locations during the coldest part of the year, moves to offshore reefs, and may 
return or 'home' back to their residence of the previous year. Evidence indicates that a migration 
occurs in spring and fall of most years, depending on temperature extremes (Hastings and 
Bartone 1980). Belted Sandfish do not fonn large spawning aggregations, but do display a 
r.omplP.x rP.proour.tivP. slr;ilP.!JY First yP.ar fish (agP.-1) f11nr.lion as hoth malP.s anc1 fP.malP.s anc1 
thus are functional synchronous hermaphrodites. Every hermaphrO<lle can spawn in three roles 
over the course of the daily spawning period: female pair spawn, male pair spawn, and male 
streak spawn (parasitizing pair spawns). Pair spawning fish trade eggs, taking turns fertilizing 
one another's eggs. Egg trading is not symmetrical; the smaller fish in a pair spawns more often 
in the female role than the larger fish. Although age-1 individuals have fully mature spermatozoa 
and eggs, on the jetties in the northeastern Gulf of Mexico most spawning involved larger, older 
individuals (Clark 1959; Hastings and Bartone 1980; Oliver 1997). The spawning season lasts 
from April through September. The presence of all oocyte stages within most individuals from 
spring and summer apparently indicates that an individual spawns repeatedly throughout this 
time (Hastings and Bartone 1980). The planktonic larval duration (PLO) and early life history 
(larval) requirements of Belted Sandfish are unknown. A congener, the Comber (Serranus 
cabrilla), is known to have a PLO of approximately 26 days (Raventos and Macpherson 2001 ), 
similar to the majority of reef fishes that have PLOs of 20-30 d, although PLOs can range from 
8-150 d (Victor 1991). Larvae are known to recruit to adult habitats, as recently-settled (1 -2 cm 
TL) juveniles have been observed together with adults on hard bottom reefs in depths of 16-21 
mat Gray's Reef National Marine Sanctuary, off the coast of Georgia (RC Munoz, pers. obs.). 
Belted Sandfish occur from 23.3-27.5°C (preferred temperature, Kaschner et al. 2016) and can 
be found distributed across two zoogeographic provinces. They occupy habitats in 1- 42 m 
depths. Belted Sandfish may be indirectly affected by ocean acidification, as adults and 
juveniles have been found to consume prey (copepods, amphipods, crabs, shrimp; Hastings 
and Bartone 1980) that are negatively affected by ocean acidification (Kurihara et al. 2008; 
Bhadury 2015; Long et al. 2013; Cripps et al 2015). Evidence suggests that Belted Sandfish 
have a relatively rapid popuation growth rate. They breed in the first year, have a maximum life 
span of four to five years, reach a small maximum length of 1 0 cm, and have a Von Bertalanffy 
growth coefficient (K} estimated at 0.57. Although the stock has never been assessed, it is 
highly productive, extremely abundant, is not fished, and is thought to be stable over time, so 
the workshop scorers thought the population would be at or above B'1SY. This widely distributed 
species is common to abundant where it occurs over shallow rocky reefs. There are no known 
major threats, therefore, it is listed as Least Concern (Anderson et al. 2015). Other potential 
stressors for Belted Sandfish are not readily apparent. It has been recorded as a prey item of 
the invasive lionfish, however, it is not likely that this will drive significant population declines on 
a global level (Munoz et al. 2011, Dahl and Patterson 2014; Anderson et al. 2015). 
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Black Drum - Pogonias cromis 
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Common Name (Species Name) - Black drum - Pogonias cromis 

Oyerau Climate YYloerabilit( Rank: High. (69% bootstrap results in High, 31% bootstrap results 
in Moderate). 

Climate Exposure: Very Hi!1}. Four exposure factors contributed to tllis score: Air Temperature 
(4.0), Ocean Acidification (4.0), Salinity (3.9), and Sea Level Rise (3.5). Black Drum use 
nearshore coastal as well as shallow estuarine/riverine habitats maki'lg them susceptible to 
fluctuating environmental conditions as well as sea level rise. 

Bjo!ogjcal Sensjljyj)y: Moderate. Two sensitivity attributes scored ~ 2.5: Ear1y Life History 
Survival and Settlement Requirements (2.5) and Population Growth Rate (3.5). Black Drum are 
a relatively long-lived, moderately late-maturing fish with slow population growtll rates. Their 
estuarine habitat could be affected by changing environmental conditions brought on by climate 
change, as well as by antllropogenic alteration. 

Distributional Vulnerability Rank: High. Two attributes indicated increased potential for 
distribution shift: high adult mobility, low habitat specialization. Additionally, ear1y life stage 
dispersal was borderline between moderate and high potential for distribution shift. 

Directional Effect on tile Soutlleast U.S. Shelf: The effect of climate change on Black Drum on 
the Southeast U.S. Shelf is estimated to be neutral. The effect of ocean acidification will likely 
be moderate to impactful, as crustaceans and molluscs are a significant diet component. This is 
somewhat offset by the finding tllat sea level rise increased occupancy probability of Black 
Drum in a study from the Gulf of Mexico (Fujiwara et al. 2019). Black Drum do enjoy wide 
thermal and salinity tolerances, although sudden and sustained air temperature drops may 
cause mass mortality events. 

Data Quality: 100% of the data quality scores were 2 or greater. 

Climate Effects on Abundance and Distribution: Black Drum feed primarily on crustaceans and 
molluscs and are likely to be negatively impacted by increasing ocean acidification. Increasing 
salinity in estuarine areas is likely to have a negative effect on small juveniles, altllough larger 
juveniles and adults should tolerate moderate increases in salinity. Sea level rise may impact 
the amount of suitable nursery habitat available. 

Life I listory Synopsis: : □lack Drum are a coastal and estuarine species widely distributed from 
Nova Scotia to Brazil. Along the soutlleastern United States ii is found from North Carolina 
through south Florida and through the Gulf of Mexico to the Yucatan Peninsula. Adults are 
common over sand or sand/mud bottom types in shallow coastal and estuarine waters. 
especially in high runoff areas, oyster reefs and shell hash (Pearson 1929; Odell et al. 2017). 
Adults sometimes move onto near-shelf waters, but are primarily estuarine-dwelling and show 
little migratory behavior. Simmons and Breuer (1962) reported tnat tagged Black Drum in Texas 
generally moved less than 5 miles from where they were tagged. Beaumarriage (1969) reported 
similar results for Black Drum in Florida. Black Drum are euryhaline and commonly found in 
salinities ranging from 9-26 ppt (Mcllwain 1978), but have been docUT1ented from waters of O -
80 ppt (Gunter 1956; Simmons and Breuer 1962; Leard et al 1993)), though adults found at 
extremely high salinities show signs of stress and physical damage (Murphy and Muller 1995). 
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Peters and McMichael (1990) reported that juvenile BlacK Drum, while occurring over widely 
varying temperatures and S3Iinities, were collected most often in low to moderate salinity waters 
over unvegetated mud bottoms. Larger juveniles occur most often in higher salinity waters. 
Timing of spawning is geographically variable (e.g., spawning off Florida occurs November-April 
with peaK spawning in February and March), so reproduction may be temperature dependent. 
BlacK Drum spawn in bays, estuaries, and coastal waters near the mouths of estuaries. Larvae 
are dependent upon tidal currents for transport into estuaries where they utilize seagrass beds 
as nursery habitat, appearing in February or March. Postlarvae prefer nutrient-rich and 
somP.what murtrty walP.rs of lirtal r.rP.P.ks anrt r.hannP.ls .111vP.nilP.s arP. founrt morP. oflP.n ovP.r 
muddy bottoms in estuaries. The species is long lived, attaining a maximum age of 58 years 
and a maximum size of 1160 mm and weights up to 55 kg. Murphy and Taylor (1989) estimated 
that in northeastern Florida, males reached maturity at 4-5 years of age when they measured 
approximately 590 mm, while females reached maturity at 5-6 years of age, at measurements of 
650 - 699 mm. They grow fairly rapidly until age 15, then growth slows. BlacK Drum are highly 
fecund, multiple spawners with continuous oocyte reC11Jitment throu!1)out the spawning season 
(Fitzhugh et al. 1993), and are capable of spawning approximately every 3 days. Fitzhugh et al. 
(1993) estimated fecundity of average-sized females weighing 13.4 pounds at 32 million eggs 
annually. Despite this high fecundity, recruitment is sporadic and it is tnought that excessive 
predation by ctenophores may control and limit year class strength. Eggs of Black Drum are 
pelagic and measure 0.8 - 1 mm. Eggs hatch in less than 24 nours ai 20°c (Joseph et al. 1964). 
Larvae measure approximately 1.9 - 2.4 mm TL at hatching (Joseph et al. 1964 ). The yolK sac 
is completely absorbed when larvae grow to 2.8 mm (0.11 inches). Upon reaching 
approximately 15 mm (0.59 inches) TL, the overall adult body shape is recognizable. Larval 
Black Drum diet consists primarily of copepods. Juveniles eat molluscs, gastropods, bivalves, 
small shrimps and crabs. Adults consume benthic crustaceans (crabs, shrimp), clams and 
oysters, and some small fishes. Effects of Increasing ocean acidification on diet items could 
have an effect on fitness of Black Drum in future changing climate scenarios. Black Drum prefer 
waters where temperatures range from 12 - 33•c (Mcilwain 1978). Sudden temperature drops 
during winter cause them to migrate to deeper waters. Mass mortality is common when 
sudden, sustained temperature drops occur (Simmons and Breuer 1962). Black Drum are not 
overfished or undergoing overfishing based on a 2014 benchmarK stocK assessment (ASMFC 
2015). Genetic studies have found distinct subpopulations (genetic heterogeneity) in the Gulf of 
Mexico and western Atlantic, with limited dispersal beyond the natal estuary (Leard et al. 1993). 
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Black Sea Bass - Centropristis striata 

Overall Vulnerability Rank = Moderate 0 

Biological Sensitivity = Low□ 
Climate Exposure = Very High ■ 

Data Quality = 100% of scores~ 2 
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Black Sea Bass (Centropristis striata) 

Oyerau Climate YYloerabilit( Rank: Moderate. 94% bootstrap results in Moderate, 4% bootstrap 
results in High. 

Climate Exposure: Very High. Three exposure factors contributed to this score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (3.9). Black Sea Bass are an offshOre 
marine species, with younger life stages reported from some estuarine areas. 

Biological Sensitivity: Low. No sensitivity attributes scored above 2.5: Complexity in 
Reproductive Strategy (2.4), Spawning Cycle (2.3) and Other Stressors (2.3) were rated 
borderline moderate vulnerability, likely due to a protogynous reproductive life cycle, and 
exposure of ear1y life history stages utilizing inshore estuarine areas to anthropogenic 
disturbances. 

Distributional Vulnerability Rank: High. Three attributes indicated increased potential for 
distribution shift: high adult mobility, widespread potential for ear1y life stage dispersal, and 
relatively low habitat specialiZation. 

Directional Effect on the Southeast U.S. Shelf: The effect of climate change on Black Sea Bass 
on the Southeast U.S. Sheli is predicted to be neutral. Increased recruitment as a result of 
warming temperatures in the region will be offset somewhat by emigration northward in 
response to warming. There may be minor impacts from ocean acidification. 

Data Quality: 100% of the data quality scores were 2 or greater. Black Sea Bass are a 
well-studied species. 

Climate Effects on Abundance and Distribution: Changes in distribution of Black Sea Bass have 
been linked to warming in the Northeast U.S. Shelf (Bell et al. 2014), and increases in 
abundance in Long Island Sound over the last several decades were linked to warming waters 
(Howell and Auster 2012). Black Sea Bass may be moderately affected by increasing ocean 
acidification due to inclusion in their diets of decapod crustaceans. 

Ljfe Hjstory Synopsjs: Black Sea Bass are a medium-sized tempera:e demersal reef fish 
distributed in the western Atlantic Ocean from Canada to northeast Florida and the Gulf of 
Mexico. Early juveniles utilize habitat ranging from estuaries to offshore reefs. Adult Black Sea 
Dass are strongly associated with structurally complex habitats, including inshore piers, inshore, 
nearshore, and offshore rocky reefs and low-relief hard bottom, cobble and rock fields, stone 
coral patches, exposed stiff clay, and mussel beds (Kolek 1990; Able et al. 1995; Drohan et al. 
2007). Black Sea Bass are protogynous hermaphrodites. reaching maturity first as females at 
age 2-3 years and then transitioning to males around age 5 (Drohan et al. 2007). Larger fish 
occur in deeper water. Potential overwintering habitat may be defined by bottom water 
temperatures> 7.5 °C (Able and Fahay 2010). Fish have been collected at relatively low 
salinities (range: 1-36 ppt) in North Carolina estuaries but are most frequent Where values 
exceed 14 ppt. Salinity ranges for fish in Gulf of Mexico and South Atlantic Bight estuaries are 
similar. Black Sea Bass typically spawn in the south Atlantic from January through June with a 
peak from March through May (Wenner et al. 1986; Mercer 1989). Larvae are pelagic and drift 
for 2-4 weeks prior to settlement on shell beds (Drohan et al. 2007) and potentially other 
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habitats. Juveniles, which are diurnal visual predators, prey on bentllc and epibenthic 
crustaceans (isopods, amphipods, small crabs, sand shrimp, copepods, mysids) and small fish, 
and their diets appear to ch3nge with body size. Decapods are the dominant prey item for all 
siZe classes of Black Sea Bass (Bowman et al. 2000). Adults are generalist carnivores that feed 
on a variety of infauna! and epibenthic invertebrates, especially crustaceans (including juvenile 
American lobster Homarus americanus, crabs, and shrimp) small fish, and squid. Fish become 
a more significant component of the adult diet, particularly for the largest Black Sea Bass (> 40 
cm), where sand lance (Ammodytes dubius) and scup (Stenotomus chrysops) were prominent 
(Rowman P.I al ?000) ThP. spP.r.iP.s is managP.c1 as lhrP.P. sP.paratP. stor.ks· a Mic1-Allanlir. stor.k 

(north of Cape Hatteras), a South Atlantic Bight stock (south of Cape Hatteras to Florida), and a 
Gulf of Mexico stock (Drohan et al., 2007; Able and Fahay, 2010). The most recent assessment 
for Black Sea Bass in the south Atlantic region (SEDAR 2018) concluded that with 

SSB20,.,tMSST =1.15 and Fl01 .. 201J FMSY = 0.64, the stock was not overfished and not 
undergoing overfishing. Juveniles using inshore habitats may be affected by habitat degradation 
and pollution; adults are likely resilient to such anthropogenic effects given their usual offshore 
habitat. 
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Blueback Herring - Alosa aestiva/is 

Overall Vulnerability Rank = Very High ■ 

Biological Sensitivity = High 0 
Climate Exposure = Very High ■ 

Data Quality = 92% of scores ;c: 2 
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Blueback Herring (Alosa aestivatis) 

Overall Climate Vulnerability Rank: Very High. 100% bootstrap results in Very High. 

Climate Exposure: Very Hi!1J. Four exposure factors contributed to tllis score: Salinity (3.8), 
Ocean Acidification (4.0), Air Temperature (4.0), and Sea Level Rise (3. 7). Exposure to all three 
factors occurs during tile life stages. Blueback Herring occupy coastal marine waters as adults 
and undertake migrations into riverine-estuarine systems to spawn. 

Biological Sensitivity: High. Five sensitivity attributes were~ 3.0 and contributed to the High 
ranking: Early Life History SurviVal and Settlement Requirements (3.0), Spawning Cycle (3.2), 
Complexity in Reproductive Strategy (3.1), Stock Size/Status (3.5) and Other Stressors (3.2). 
Blueback Herring are a diadromous species that move from offshore marine waters into rivers 
during spawning season, where they likely encounter a degraded environment due to 
anthropogenic influences. 

Distributional Vulnerability Rank: Moderate. Two attributes indicated limited vulnerability to 
distribution shift: moderate habitat specialization, and sensitivity to temperature, especially for 
early life history stages. 

rnrectjonal Effect io the southeast u s Shelf: The effect of climate change on Blueback Herring 
is projected to be negative. Blueback Herring is distributed Within the region south to Florida, 
and warming seawater temperatures in the southern portion of the range may cause a shift 
northward in distribution and decreases in survival and productivity. Changes to streamflow, 
caused by either changes in precipitation patterns or anthropogenic alterations, also may 
negatively affect productivity and survival. 

pata Quality: 92% of the data quality scores were 2 or greater. Stock Size/Status is the biggest 
data gap for Blueback Herring in most river systems in the southeast. 

Climate Effects on Abundance and Distribution: Blueback Herring Will be affected by 
climate-driven changes in productiVity and distribution. Distribution will likely shift more 
northward due to warming. Ocean acidification is unlikely to have a major effect on the species. 
Tommasi et al. (2015) indicated that recruitment was affected by stream temperatures and river 
flow, both of which will be impacted by climate change. Natal homing is an important element in 
Blueback Herring life history, thus the marine distribution may be chaiging faster than the 
spawning distribution. 

Life History Synopsis: Blueback Herring is an anadromous species distributed in the western 
Atllantic from Nova Scotia to the St. Johns River in Florida. Juveniles utiliZe both freshwater 
riverine and brackish estuarine habitat. Adults can utilize estuarine habitat but outside of 
spawning runs are usually found in coastal and offshOre marine waters up to 55m depth and 
200 Km offshore. Juvenile Blueback Herring feed on zooplankton (copepo<ls, cladocerans) and 
larval dipterans. Adults are size-selective zooplankton feeders, primarily eatinq ctenophores, 
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calanoid copepods, amphipods, mysids, and small fish (Domeruth and Reed 1980; Loesch 
1987; Burbidge 1974; Klauda et al. 1991 ; Bigelow and Shroeder 1953). Blueback Herring, like 
many clupeids, likely evolved to synchronize the larval stage with optimal timing of plankton 
production cycles (Crecco and Blake 1983). Blueback Herring are highly mobile, conducting 
offshore-inshOre migrations during late winter and early spring for spawning in freshwater rivers 
and creeks. Adults have been known to migrate up to 248 km upstream in spawning rivers. 
Juveniles onen leave the estuarine nursery habitat aner a month or two. but in some areas stay 
until the next spring. Atter migrating in from the ocean. spawning ocrurs in fresh or brackish 
water, 1n tidally 1nnuencea portions or coastal rivers (Bozeman and van Den Avy1e ·1989). 
Spawning occurs in deep swift water over hard substrates (Lee et al. 1980) or in shallow 
vegetated areas, old rice fields, river swamps, and small tributaries above tidal influence 
(Bozeman and Van Den Avyle 1989). These inshore areas could be negatively affected by 
human activities, and dams are an impediment to spawning migrations. Eggs incubate in 3-4 
days at 20°c. Larval survival is minimal above 28°C. Changes in water flow rates may have an 
effect on larval survival. For example, year class size decreased With increasing discharge 
events (O'Rear 1983; Dixon 1996; Jones 1978; Edsall 1970; Marcy 1973). Yolk sac larvae dritt 
passively downstream to slower moving water, where they grow into juveniles. Eggs and larvae 
can survive in salinities as high as 18-22 ppt. Optimal salinity range is 0-2 ppt for eggs 
(Johnston and Cheverie 1988; Klauda et al. 1991; Loesch 1987). All life stages are important 
prey for fish, birds, amphibians, reptiles. and mammals, but there is no evidence that predation 
pressure affects the stock (Klauda et al. 1991 ). Blueback Herring diet is not dependent on 
shell-forming animals and thus are not likely to be severely impacted by indirect effects of 
increasing ocean acidification. Little information is available on Blueback Herring's intrinsic 
population growth rate. Based on a moderate age at maturity, a relatively low maximum age and 
overall small maximum size, the ability of the species to recover from population disturbances 
could be moderately affected. A 2017 stock assessment of combined riVer herring (Blueback 
Herring and Alewife) population status found the majority of stocks in east coast river systems 
were either depleted relative to historical status or too data-deficient :o make a determination. 
NOAA Fisheries determined the species did not warrant listing under the Endangered Species 
Act in 2019. Nonetheless, the species are the subject of conservation efforts. Potential stressors 
for Blueback Herring are many, including riverine habitat alteration/degradation. changing 
precipitation and river flow patterns that could affect eggs/larvae; increasing water 
temperatures, and salinity intrusion into the estuaries during egg/larval phases. 
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Blue Crab - Cal/inectes sapidus 
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Blue crab (Callincetes sapidus) 

Overall Climate Vulnerability Rank: High. (99% bootstrap results in High, 1% bootstrap results in 
Very High). 

Climate Exposure: Very Higi. Four exposure factors contributed to lllis score: Air Temperature 
(4.0), Ocean Acidification (4.0), Sea Level Rise (3.8) and Salinity (3.5). Blue Crab are 
estuarine-obligate, thus their early life stage habitat could be affected by increasing sea level or 
temperatures, while ocean acidification has the potential to affect Blue Crab directly (shell 
fonnalion) and indirectly (reliance on mollusks/crustaceans in their diet). 

Biological Sensitivity: Moderate. Four sensitivity attributes scored~ 2.5: Sensitivity to Ocean 
Acidification (2.8), Complexity in Reproductive Strategy (2.8), Early Life History Survival and 
Settlement Requirements (2. 7), and Other Stressors (2.5). Blue Crab females undergo a single 
spawning event in their life. Early life stages spend up to a year in estuarine-riverine nursery 
areas Illa! are often anthropogenically disturbed. 

Distributional Vulnerability Rank: Moderate. Three attributes indicated a potential for distribution 
shift: high adult mobility, Widely dispersing early life stages, and a habitat generalist quality. 

rnrectjonal Effect jn the southeast u s Shelf: The effect of climate change on Blue crab on the 
Southeast U.S. Shelf is estimated to be neutral. Research suggests that crustaceans may be 
negatively impacted by ocean acidification. This negative impact is offset by the possibility that 
warming may lead to increased productivity and northward shifts in the region, both of which 
would represent positive effects of climate change. The species is both eurythennal and 
euryhaline, and effects of projected temperature and salinity increases are likely to be neutral in 
the short term. 

Data Quality: 92% of the data quality scores were 2 or greater. Stock size/Status results were 
conflicting between various states but most managers felt blue crab stocks were not significantly 
overfished. 

Climate Effects on Abundance and rnstrjbution: While higher Winter temperatures have been 
linked to increased survival in Blue Crab in Chesapeake Bay (Rome et al., 2005), there is 
concern that warming temperatures could lead to changes in the timing of reproduction, which 
could lead to a mismatch of availability of necessary larval food. While there is some 
disagreement in the literature on the direct effect of ocean acidification on the fonnation of Blue 
Crab exoskeletons (Ries eta!. 2009, Mustafa et al. 2015), there will still likely be a negative 
effect on shell formation in molluscs, a primary diet item of Blue Crab. Increasing salinity could 
affect the amount of preferred low-salinity/freshwater estuarine habitat available for 
larval/juvenile Blue Crab. 

Ljfe Hjstory synopsjs: Blue Crab are a decapod crustacean (family Portunidae) distributed in 
the western Atlantic from Cape Cod MA to Ar9entina and throu9hout the Gulf of Mexico. The 
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area of highest population density is the area from South Carolina through the Chesapeake Bay. 
Juvenile Blue Crab utilize shallower, less saline waters in upper estuaries and rivers, where they 
grow and mature (Fischler and Walburg 1962). Males prefer low-salinity waters and generally 
migrate farther upstream than females, which tend to stay in the lower rivers and estuaries 
(Dudley and Judy 1971, Music 1979). Adults may utilize low-saline upper estuarine waters. 
estuaries, bays, and coastal oceanic waters in the course of a year, indicating a habitat 
generalist habit. Blue Crab utilize most estuaries on the east coast, and while this habitat is not 
rare. it is often disturbed. Post-larval and juvenile crabs are considered general scavengers, 
oottom carnivores, aetnt1vores. ana omntvores (Hay 1905; Darnell ·1959; AOKIns ·1972) w1m 
common diet items including dead and live fish, crabs, organic debris, shrimp, mollusks 
(including mussels, clams, oysters, and snails). and aquatic plants. Adult Blue Crab prey is very 
similar to juveniles. and adults will consume most available prey and freely switch among 
preferred prey types (Hill et al. 1998). Adults can be highly mobile and are considered strong 
swimmers and the species is Known to undertake seasonal spawning migrations (Hill et al. 
1989). Blue Crab spawning is variable by latitude. In Chesapeake Bay spawning occurs in May 
and June. with a second spawning in August. In North Carolina and South Carolina. spawning 
occurs from March through October. with peaks from April to August. Near the St. John's River 
in Florida, spawning occurs from February to October, with peak spawning occurring from 
March through September. Females mate only one time in their lives. following the terminal 
molt. Blue crabs are highly iecund, with females producing from 2 - 8 million eggs per spawn. 
Eggs are brooded 14-17 days (Hill et al. 1989), during which time females migrate to the mouths 
of estuaries. Larval release is often timed to occur at the peak of high tide, thus assuring that 
larval abundance is greatest when the tide begins to ebb. Blue Crab larvae are advected 
offshore and complete development in coastal shelf waters. Larvae have a salinity requirement 
of at least 20 ppt. Time for development through the seven zoeal stages is between 30-50 days 
before metamorphosis to the megalopae stage. The megalopae then persists between 6-58 
days, returning to estuaries for settlement and eventual recruitment to adult populations. Blue 
Crab are eurythermal. with growth occurring at temperatures from 15-30°C. Growth does not 
occur at temperatures below 10°C, and a hibemative state is induced at temperatures below 
5°C. Larvae require salinities of at least 20 ppt, but as the crabs grow they become increasingly 
euryhaline, inhabiting both tesh water and saline ocean waters. Blue Crab will be affected by 
increasea ocean acidification because they both have a chitin shell, which can be affected by 

ocean acidification (Mustafa et al. 2015) and rely on mollusks and crustaceans in their diets. 
although they are likely able to opportunistically change prey items if necessary. Blue Crab have 
a rapid population growth rate, including a high growth coefficient (Bunnell and Miller 2005), a 
young age-at-maturity (UMCES 2011 ). a low longevity (MIiiikin and Williams 1984). and a high 
natural mortality (UMCES 2011 ). The species is likely to be able to recover from population 
depletions fairly rapidly. A 2011 stock assessment indicated that Blue Crab in North Carolina 
was not overfished. A Florida stock assessment, also completed in 2011 , indicated the species 
was neither overfished nor undergoing overfishing on the Atlantic coast of Florida. A more 
recent analysis of landings and survey data in Georgia found declines in crab catches in both 
commercial landings and fishery-independent surveys, but attributed the decline to changing 
climatic conditions, including cooler than normal fall water temperatures and increased spring 
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rains occurring in 2014. South Carolina does not perform a stocK assessment for Blue Crab but 
reports declining commercial landings over the last several years. Genetic diversity in Blue Crab 
populations was found to be high (McMillen-JacKson and Bert 2004 ). As an 

estuarine-dependent species, Blue Crab are subject to stresses from degradation of habitats 
through eutrophication and hypoxia, reduction in seagrass beds, changes in timing and volume 

of freshwater inputs, drought, and pollution. No indication of recent increases in parasitism or 
disease was found in the literature, but the species is Known to be susceptible to numerous 
parasites. Frequent molting may mitigate some of this problem however. 
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Bluefish - Pomatomus saltatrix 
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South Atlantic Vulnerability Assessment - Species NaMative Template 

Bluefish (Pomatomus sa/tatrix) 

Overall Climate Vulnerability Rank: Moderate. (86% bootstrap results in Moderate, 14% 
bootstrap results in High). 

Climate Exposure: Very High. Three exposure factors contributed to this score: Ocean Surface 
Temperature (4.0), Salinity (3.9) and Ocean Acidification (4.0). Exposure to all three factors 
occurs during the life stages. Bluefish use coastal and nearshOre habitats as juveniles, and live 
in continental shelf waters as adults. 

Biuluuil:<11 Se11silivily. Low. A si11yle se11silivily alllillule scurell <! 2.5. Early Life Hislury Survival 
and Settlement Requirements (2.5). Changes in currents needed to lransport larvae to nursery 
areas or increasing temperatures in these estuaries might negatively affect survival of bluefish. 

Distributional Vulnerability Rank: High. Three attributes indicated increased potential for 
distribution shift: high adult mobility, widespread dispersal of early life stages. and the fact that 
bluefish are habitat generalists. 

Directional Effect in the Southeast U.S. Shelf: The effect of climate change on Bluefish on the 
Southeast U.S. Shelf is estimated to be neutral (although the expert scorers were almost 
equally split between the three categories). Warming seawater temperatures in the southeast 
will make nursery habitats less productive, while at the same time making more habitat in the 
mid-Atlantic and Northeast habitable. The effect of ocean acidification is expected to be 
minimal. 

Data Quality: 100% of the data quality scores were 2 or greater. 

Climate Effects on Abundance and Distribution: There are multiple ways in which climate 
change might negatively impact the abundance of Bluefish off the southeast U.S. coast. First. 
optimal growth temperature for juvenile Bluefish is -20° C (Hartman & Brandt 1995), so as 
temperatures in nursery habitats in the southeast increase, this region might become less 
productive. Second, larvae spawned during the spring in the southeast are transported a great 
distance in the Gulf Stream. and may rely on eddies originating from the Gulf Stream in order to 
recruit to mid-Atlantic nurseries (Hare & Cowen 1996). Therefore, changes in Gulf Stream 
dynamics might impact recruitment in the mid-Atlantic, which also would affect the southeast 
U.S. region where all juvenile Bluefish overwinter. Finally, many age-1 Bluefish remain in the 
southeast following their first winter, but abundance of these fish is related to temperatures 
during the overwintering period (Morley et al. 2017). As winter temperatures become milder, a 
larger portion of this age-1 cohort might migrate northward to the mid-Atlantic region. 

Life History Synopsis: Bluefish is a globally widespread schooling predator that occupies pelagic 
habitats on the continental shelf and in estuaries. In the U.S., a genetically homogenous 
population exists across the Gulf of Mexico and Atlantic coast. although little is known about the 
level of connectivity between these two regions. Bluefish migrate seasonally along the Atlantic 
coast and movement patterns of adult fish change with size. Fish less than 45 cm typically 
occupy the New England and Mid-Atlantic regions during the summer and migrate to overwinter 
off the southeast U.S. as far south as Florida (Shepherd et al. 2006). Fish larger than 45 cm 
typically follow a seasonal inshore-offshore migration off the northeast U.S. 

Bluefish live up to 13 years and may reach over 80 cm in for!< length (Robillard et al. 2009). 
There is a tendency for larger fish to occur farther from shore (Shepherd et al. 2006), but 
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South Atlantic Vulnerability Assessment - Species NaMative Template 

schools of adult fish may forage in a variety of habitats that occur in ocean or higher salinity 
estuarine areas. Due to their abundance and high feeding rates, Bluefish are of high trophic 
importance to Atlantic coast ecosystems (Buckel et al. 1999a and 1999b ). They are adaptable 
predators and feed on abundant forage species from an early stage of ontogeny, often including 
anchOvy, menhaden, spot, pinfish and squid (Binion-Rock et al. 2019; Buckel et al. 1999). 

Mean age at maturity for 1.9 years for females and 1.2 years for males (Salerno et al. 2001; 
Robillard et al. 2008). Bluefish are batch spawners and highly fecund, with larger females 
capable of releasing over a million eggs per batch (Robillard et al. 2008). While bluefish spawn 
throughout much of the year, a majority of reproductive output comes during two time periods. 
The first is during the late-winter and spring off the southeast U.S., on the outer continental shelf 
(Hare & Cowen 1993). Offspring from this spawning period recruit to coastal habitats along the 
entire U.S. east coast (Wuensche! et al. 2012). The second spawning period occurs on the 
mid-Atlantic continental sheif during the summer. Offspring from this spawning period mostly 
recruit to coastal waters of the mid-Atlantic region (Hare & Cowen 1993; Wuensche! et al. 
2012). The degree to which individual fish participate during each spawning period is not known. 

Juvenile Bluefish from both the spring and summer spawning periods use a variety of estuarine 
and near-shore habitats during their first year (Wuensche! et al. 2012). Juveniles switch from 
zooplankton to fish prey at a relatively small size and grow rapidly during their first year (Juanes 
et al. 1994 ). During the fall, juveniles migrate south, often in large schools along a coastal 
near-shore corridor, and overwinter on the continental shelf of the southeast U.S. (Morley et al. 
2007; Wuensche! et al. 2012). 
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South Atlantic Vulnerability Assessment - 8/ue/ine Tilefish 

Blueline Tilefish (Cau/o/ati/us microps Goode & Bean, 1878) 

overall Climate Vulnerability Rank: Very High. 56% bootstrap results in Very High, 44% 
bootstrap results in High. 

Climate Exposure: Very High. Four exposure factors contributed to this score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0), Salinity (3.9), and Currents (3.8). Blueline Tilefish 
are residents of the outer continental shelf and have exposure to all of these environmental 
factors (Ocean Surface Temperature serves as a proxy for Bottom Temperature in these 
assessments). 

Biological Sensitivity: High. Two sensitivity attributes scored ~ 3.0: Sensitivity to Temperature 
(3.0) and Population Growth Rate (3.3). Blueline Tilefish are long-lived, slow growing, and 
subject to overfishing. 

Distributional Vulnerability Rank: Moderate. Three attributes indicated limited vulnerability to 
distribution shift: limited adult mobility, limited early life stage dispersal, and relatively high 
habitat specialization. 

Directional Effect in the Southeast U.S. Shelf: The effect of climate change on Blueline Tilefish 
on the Southeast U.S. Shelf is predicted to be neutral. Increased productivity could result from 
warming temperatures in the region. This gain could be offset somewhat by impacts from ocean 
acidification on prey items. Changes to oceanic circulation could affect dispersal of larvae out of 
the southeast to suitable misery habitat further north. 

Data Quality: 67% of the data quality scores were 2 or greater. Dispersal of Early Life Stages 
and Early Life History Survi•,al and Settlement Requirements both scored low in Data Quality 
and moderate to high in sensitivity. 

Climate Effects on Abundance and Distribution: Climate changes are predicted to have a 
significant effect on the productivity of Blueline Tilefish. They consume a wide variety of 
shell-forming invertebrates and could be affected by increasing ocean acidification. Golden 
Tilefish (Lopholatilus chameo/eonticeps) productivity is increased in warmer water and 
decreased by colder water (Fisher et al. 2014), and changes in oceanic currents could have 
similar effects on Blueline lilefish (southern intrusions of very cold Labrador Current water could 
suppress productivity or cause die-offs (Marsh et al. 1999)). Changes in currents could also 
affect transport of pelagic eggs and larvae from both the southwest Florida shelf to the east 
coast of Florida as well as up the southeastern U.S. coast. Blueline Tilefish inhabit a fairly 
specific habitat type as well as a narrow temperature range so their ability to expand their range 
significantly may be limited. 

Life History Synopsis: 

Blueline Tilefish is a relatively slow-growing, moderately late maturing (six years to 100% 
maturity in females), and long-lived (about 40 years) oceanic species that occurs from New 
Jersey to Campeche Bank, Mexico (Harris et al. 2004, SEDAR 2011;. They are found along the 
outer continental shelf, shelf break, and upper slope on irregular bottom such as ledges. 
crevices or rock/rubble piles and shipwrecks at depths of 48-236 m (Harris et al. 2004, Ross et 
al. 2015). Blueline Tilefish are landed in commercial and recreational fisheries off all states 
along the southeast U.S. AUantic coast. Sexes in Blueline Tilefish are separate, and spawning 
occurs from February to October, With peak spawning from April through September (Sedberry 
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South Atlantic Vulnerability Assessment - 8/ue/ine Tilefish 

et al. 2006, Fanner et al. 2017). Potential annual fecundity ranges from 1.9 to 11.4 million eggs 
for specimens 300-700 mm total length (Harris et al. 2004, SEDAR 2017). This species has a 
very long spawning season resulting in a high number of spawning events per year, ranging 
from 57 - 102 for females, with spawning occurring about every three days (Harris et al. 2004, 
SEDAR 2017). Little is known of the early life history. The mean size of males is significantly 
larger than that of females (Harris et al. 2004 ). Principal prey taxa include benthic invertebrates 
such as copepods, ophiuroids, gastropods, polychaetes, natantian decapods and urochordates 
(Belsa and Labisky 1987). Blueline Tilefish are caught predominately by the commercial sector, 
although the proportion harvested by the recreational sector has increased in recent years, 
particularly north of Cape Hatteras NC (Schertzer et al. 2019; Crosson et al. in prep.). The 
stock is currently neither overfished or undergoing overfishing 

(h))ps • IJWWW fisherjes noaa goy1nauonauooou1auon-assessments(fishery-stock-status-updates). 
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Blue Runner - Caranx crysos 
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Blue Runner (Caranx c,ysos) 

Overall Climate Vulnerability Rank: Moderate. 100% bootstrap results in Moderate. 

Climate Exposure: Very Hi!1J. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (3.9). Currents (3.4) was a borderline 
contributor to the overall ranking. Blue Runner are distributed in the open ocean and thus 
affected by the first three exposure factors. and larvae/juveniles may rely on ocean currents for 
transport to sargassum habitat for refuge. 

Biological Sensitivity: Low. No sensitivity attributes scored~ 2.5. Three attributes, all having to 
do with reproductive success, scored ~ 2.0: Early Life History Survival and Settlement 
Requirements (2.2), Dispersal of Early Life Stages (2.2) and Spawning Cycle (2.4 ). 

Distributional Vulnerability Rank: High. Two attributes indicated increased potential for 
distribution shift: high adult mobility and limited habitat specialization. Blue Runner are 
free-swimming oceanic animals. 

Directional Effect in the Southeast U.S. Shelf: The effect of climate change on Blue Runner on 
the Southeast U.S. Shelf is estimated to be neutral. While Blue Runner consume crustaceans 
and shrimp, their diets are dominated by fishes; thus, impacts of ocean acidification should be 
minimal. The species is eurytherrnal and effects of projected warming are likely to be neutral, as 
they already enjoy a widespread temperate to tropical distribution (Nova Scotia to Brazil). 

Data Quality: 67% of the data quality scores were 2 or greater. Data quality was low for Stock 
Size/Status (the species has not been assessed by managers), as well as for Early Life History 
Survival and Settlement Requirements and Dispersal of Early Life Stages. 

Climate Effects on Abundance and Distribution: There are no specific studies on the effects of 
climate change on Blue Runner. As pelagic oceanic dwellers they wil be exposed to an 
environment that is warming and becoming more saline and acidic. There may be some indirect 
effects on their fitness from ocean acidification, as they prey in part oo crustaceans. Changes to 
oceanic currents might affect transport of larvae to sargassum mats lor food and refuge. While 
Blue Runner of all sizes were captured over a fairly broad temperature range, newly hatched 
larvae were found only within a narrow range, 28.8 - 30.1°C, and most larvae were captured at 
salinities <33 ppt. 

Ljfe Hjstory synopsjs: Blue runner is a medium-sized schooling species distributed in the 
western Atlantic from Nova Scotia (Canada), Brazil, Bahamas, throughout the Caribbean 
(including Antilles) and the Gulf of Mexico (latitude 46°N-26°S). Juveniles exhibit an open ocean 
habitat and are often found beneath floating mats of sargassum, which serve as a refuge from 
predation as well as a source for prey (Wells and Rooker 2004 ). Pre-adults were commonly 
found on shallow reefs (0-15 m) in Jamaica, but absence of larger Blue Runner on inshore reefs 
suqqest movement to outer shelf marqins al/before maturity (Thompson and Munro 197 4 ). 

68 



 

149 
 

Adults are pelagic in the oceanic nerilic environment, forming schools primarily nearshore. 
While not thought to be common around reefs, diVers often observe large schools of Blue 
Runner over reef/hardbottom habitat in the SEUS, and the species is commonly observed 
around petroleum platforms in the Gulf of Mexico (Herdson 2010). Blue Runner feed on 
zooplankton throughout larval/juvenile life, primarily cyclopoid and calanoid copepods 
(McKenney et at. 1958). Adults feed primarily on meso- and macro-plankton. including decapod 
crustaceans, chaetognaths, amphipods, other invertebrates and small fishes (Keenan and 
Benfield 2002). Blue Runner are highly mobile, and are not constrained behaViorally or 
pnysIcaI1y 1n tneIr movements.Tagging returns rrom a Ftonaa stuay snowed movements up to 
155 km by one indiVidual (Beaumarriage 1964). ThOmpson and Munro (1974) suggested Blue 
Runner aggregated to spawn in Jamaican waters, but separating these observations from the 
normal schooling behavior exhibited by the species is problematic. Spawning is thought to take 
place in nearshore coastal waters. GoodWin and Finucane (1985) reported peak spawning in 
the Gulf of Mexico to be June-August, confirmed by histology, while McKenney et al. (1958) 
suggested spawning occurs year round. Recently hatched larvae were captured at 
temperatures 28.8 - 30.1°C and salinities from 25.0 - 36.2 ppt (Shaw and Orullinger 1990). 
While juveniles may enter estuaries they are not thought to be obligatory residents, but 
proximity to floating sargassum mats is likely advantageous to juvenile survival. Blue Runner 
may be somewhat affected by increased ocean acidification because they prey upon some 
invertebrate species (shrimp and crabs) that may be affected by ocean acidification. Blue 
Runner nave a moderate to high population growth rate, based on an early age-at-maturity, tow 
reported maximum age (11 years), a moderate maximum body size, and a relatively high growth 
coefficient. These characteristics would allow Blue Runner to recover fairly quickly from 
population declines. There is little information about the stock status of Blue Runner, as they 
have not been assessed. They are considered a species of least concern by the IUCN, as 
harvest is somewhat limited and does not occur throughout the range of the species. Any 
disruption to ocean currents that aggregate sargassum mats could impact surVival of the 
juvenile phase of blue runner. Some larvae and juveniles that get carried into estuarine areas 
could be impacted by anthropocentric pollution and habitat alteration. 
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Bonnethead Shark - Sphyrna tiburo 

Overall Vulnerability Rank = High D 

Biological Sensitivity = Moderate D 
Climate Exposure = Very High ■ 

Data Quality = 100% of scores~ 2 
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Bonnethead ( Sphyrna tiburo) 

Overall Climate Vulnerability Rank: High. (92% bootstrap results in High, 7% bootstrap results in 
Very High). 

Climate Exposure: Very Higi. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (3.9). Exposure to all three factors 
occurs during the life stages. Bonnethead use nearshore seagrass habitats as nursery and 
feeding areas. but are known to move to deeper coastal waters during winter months. 

Biological Sensitivity: Moderate. Two sensitivity attributes scored above 2.5: Other Stressors 
(2.9) and Population Growth Rate (2.9). Bonnethead are a moderately long-lived fish (Frazier et 
al. 2014) with relatively low population growth rates (Cortes and Parsons 1996), and the species 
is late-maturing (Frazier et al. 2014 ). Their use of inshore seagrass areas makes them 
vulnerable to anthropogenic stressors such as pollutants, habitat alteration, etc. 

Distributional Vulnerability Rank: High. Three attributes indicated high potential for distribution 
shift: high adult mobility, widespread dispersal of early life stages, an:J a high tolerance for 
warmer temperatures. 

rnrectjonal Effect io the southeast u s Shelf: The effect of climate change on Bonnethead on 
the southeast U S. shelf is estimated to be neutral. The species is a mobile temperate shark, 
found from seagrass habitats to continental shelf depths of 90 m. Crustaceans and bivalves are 
a major diet component, indicating potential negative effects from ocean acidification. The 
effects of increasing water temperature in the southeast may be obviated by their ability to move 
to cooler offshore waters. 

pata Quality: 100% of the data quality scores were 2 or greater. 

Climate Effects on Abundance and Distribution: Bonnethead rely heavily on invertebrates in 
their diet and may be affected by increasing ocean acidification. They have a tolerance for warm 
temperatures, especially juveniles (>30°C; Ward-Paige et al. 2015). Distribution is linked to 
salinity as well as temperature and proximity to tidal inlets (Froeschke et al. 201 o; Bethea et al. 
2014 ). The quality of estuarine seagrass areas as juvenile habitat could be affected by 
increasing ocean salinity, changes in precipitation patterns, and/or sea level rise. 

Life History Synopsis: Bonnethead sharks are small coastal sharks of the family Sphymidae 
that can reach a maximum size of 150 cm TL (Ebert et al. 2013), but typically are smaller in the 
southeastern United States (- 80 cm maximum length?) (Frazier et al. 2014). The species is 
distributed from North Carolina to Brazil, including the Gulf of Mexico and throughOut the 
Caribbean (Ebert et al. 2013). Juvenile Bonnethead utilize near-coastal shallow seagrass beds. 
Adults occur in shallow estuaries along the coast over the summer. likely using them as feeding 
and nursery areas. Adults have been found to move to deeper beacn areas during the colder 
winier months. These areas are prone to human disturbance from boatinq, hurricane 
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disturbance, and pollution. Little is known of the Bonnethead diet in the southeastern United 
States, although it likely includes crustaceans as was observed in a Gulf of Mexico study 
(Harrington et al. 2016). lrll)ortant prey categories found were penaeid shrimp, portunid crabs, 
xanthid crabs, stomatopods, cephalopods, and small amounts of algae. Seagrass present in 
stomachs suggests specialization/preference for feeding in seagrass areas. Adults are mobile, 
moving offshore during the winter to deeper beach habitats (versus shallow coastal estuaries), 
while telemetry and tag-recapture studies suggest lligll site fidelity, With the majority of tagged 
snar1<s being recaptured within the same estuary, and groups of Bonnetneads maintaining group 
conesIon (Dnggers et a1. 2014). snarKs nave no p1anKton1c stage. seagrass 1>eastestuanne 
areas are used as nursery grounds by young of year bonnetheads, although there does not 
appear to be specific nursery areas, just general usage of seagrass habitat (Heupel et al. 2006). 
snark distribution and abundance appears to be most closely linked :o salinity (Ubeda et al. 
2016, Foeschke et al. 2010, Bethea et al. 2014), water temperature (Ward-Paige et al. 2014), 
water clarity (Bethea et al. 2014) and proximity to tidal inlets (Froeschke et al. 2010). 
Bonnetheads are viviparous. reproducing annually. Gestation lasts -4.5-5 monthS; litter size 
averages 8.8 pups in the Aflantic Ocean off Ille southeast United States (SEDAR 2013). Tile 
timing of parturition varies latitudinally in the Gulf of Mexico, occurring in mid-lo-late August in 
Florida Bay (southernmost bcation), eany September in Tampa Bay (middle location) and 
mid-to-late September off north-west Florida (northernmost location; Lombardi-Carlson et al. 
2003). Size at birth ranges from an average of 21.5 cm FL in Florida Bay to 29.7 cm FL in 
Tampa Bay (Lombardi-Canson et al. 2003). Parsons (1993) and Manire et al. (1995) found that 
mating occurs in November and sperm is stored until ovulation/fertilization tile following March 
or April. Fishbase reports a preferred temperature range for Bonnethead of 21 - 28°C (mean 
25°C). The species is known to move from shallow-water estuarine nursery areas to deeper 
coastal waters as temperature drops. The species utilizes depths in tile water column from 1-80 
m, and is most often found from 10-80 m (Compagno 1984). Bonnethead are likely to be 
affected by increasing ocean acidification due to reliance on crustaceans (primarily callinectid 
crabs and penaeid shrimp in their diet (Bethea 2007). Bonnethead exhibit lligll population 
growth rates (mean=1.304 yr-1; 95% confidence interval=l .150-1.165 yr-1; Cortes 2002). with 
short generation times (mean = 3.9 years, 95% Cl=2.6-4.5 years). Annual survivorship for 
Tampa Bay, Florida bonnelhead was high ( 0.489 (95% confidence limits: 0.393-0.631) for 
1-year-old females (Cortes and Parsons 199G). Genetic variation has been found between 
separate populations in the Gulf of Mexico (SEDAR 2013) as well as between the Atlantic and 
Gulf of Mexico (Escatel-Luna et al. 2015). A 2013 SEDAR stock assessment update found that 
SSB"',,ISSBMSY = 1.13, indicating the stock is not overfished (SEDAR 2013). Other stressors 
include degradation of shallow seagrass nursery areas due to anthropogenic pollution. Lower 
fertility levels in Bonnetnead in Tampa Bay populations have been hypothesized due to pollution 
(Gelsleichter et al. 2005). Brevotoxins have been detected in Bonnemead embryos in 
association with a Karenia brevis red tide bloom (Flewelling et al. 2010). 
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Brown Shrimp - Farfantepenaeus aztecus 

Overall Vulnerability Rank = Very High ■ 

Biological Sensitivity = High 0 
Climate Exposure = Very High ■ 

Data Quality = 100% of scores~ 2 
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Brown Shrimp (Farfantapenaeus aztecus) 

Overall Climate Vulnerability Rank: Very High. (14% bootstrap results in High, 86% bootstrap 
results in Very High). 

Climate Exposure: Very High. Four exposure factors contributed to this score: Salinity (3.9), 
Ocean Acidification (4.0), Air Temperature (4.0), and Sea Level Rise (3.6). Brown Shrimp are 
estuarine-obligate during their early life stages, when they could be affected by changes in air 
temperature as well as the effects of sea level rise on the nursery habitats. 

Biological Sensitivity: High. Three sensitivity attributes scored ~ 3.0: Sensitivity to Ocean 
Acidification (3.4), Other Stressors (3.1 ), and Early Life History Survi'lal and Settlement 
Requirements (3.0). Brown Shrimp are residents of estuarine habitat during early life stages 
where they would be affected by anthropogenic disruptions. The species will likely be affected 
by increasing ocean acidification due both to their shells and their dependence on small 
crustaceans and mollusks in their diet. 

Distributional Vulnerability Rank: Moderate. Three attributes indicated limited to moderate 
potential for distribution shill: moderate adult mobility, limited early life stage dispersal, and 
limited habitat specialization. 

Directional Effect in the Southeast U.S. Shelf: The effect of climate change on Brown Shrimp is 
estimated to be negative. Increasing temperatures in estuarine nurseries could lead to 
reductions in survival or growth, as well as leading to changes in abundance and distribution 
(northward migration in search of more suitable temperatures). Increasing ocean acidification 
could also affect fitness and survival (Mustafa et al. 2015). 

pata Quality: 100% of the data quality scores were 2 or greater. 

Climate Effects on Abundance and Distribution: Multiple stressors are likely to influence Brown 
Shrimp abundance and distribution. Increasing ocean acidification wi l have both indirect (diet 
items; molluscs and crustaceans) and direct (changes in shell transparency and exoskeleton 
function due to decreasing pH may have consequences for crypsis and surviVal; Taylor et al. 
2015). Marsh fragmentation (caused by sea level rise) and changes to inundation (caused by 
anthropogenic hydrology alterations) both may affect productiVity (Roth et al. 2008). Increasing 
temperature and salinity may also affect productivity. 

Ljfe Hjstory synopsjs: Brovm Shrimp is a commercially important species of penaeid shrimp 
exploited along the eastern coast of the United States, ranging from Massachusetts to Florida 
and through the Gulf of Mexico to the Yucatan Peninsula, Mexico (Williams 1984). Postlarval 
Brown Shrimp settle and develop through the juvenile stage within the estuary, preferring 
shallow vegetated Spartina marsh edge habitat and submerged aquatic vegetation. but also 
occurring in non-vegetated mud and sandy-mud bottoms. They migrate offshore as subadults. 
Juvenile productiVity is linked to salinity and temperature reiiime as modified by freshwater 
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discharges. Adult Brown Shrimp inhabit littoral zones along coasts. Primary habitats are muddy 
bottom areas to approximately 110 m deep, but the greatest density occurs at depths between 
27 - 55 m. This species is rarely observed at depths exceeding 165 m. Brown Shrimp juveniles 
are omniVorous and generalist in diet, consuming diatoms. harpacticoid copepods, amphipods, 
tanaids, other shrimps, polychaetes. nematodes, chironomid larvae, and mysids 
(Perez-Parfante et al. 1969, McTigue and Zimmerman, 1991 , 1998). Adults have a similar diet, 
exhibiting a more predatory nature. Brown Shrimp exhibit relatively high mobility, as recently 
matured shrimp are able to migrate to offshore grounds in relatively deep water. Brown Shrimp 
nave oeen snown to exniolt avoIaance or nypoxIc areas In tne GuIr or Mexico, aItnougn not 
without energetic implications and harvest effects (Craig and Crowder 2005). Brown Shrimp 
become reproductively active after reaching a size of 140 mm (Renfro 1964 ). Spawning season 
lil<ely varies in different geographic areas of its range. Gonads mature in August (Broaa 1950). 
Brown Shrimp spawn offshore at depths that generally exceed 18 m (Larson et al. 1989). Data 
on sex ratios by depth from Gulf of Mexico waters (Bur1<enroaa 1939) suggest that spawning 
sites for Brown Shrimp are lil<ely to be further offshore in deeper waters than occurs in other 
penaeid shrimp such as pinl< shrimp and white shrimp. Fertilization is external in the open 
ocean, with eggs being aemersal (sinl<ing to the bottom after release), and measuring 
approximately 0.26 - 0.28 mm in diameter (Larson et al. 1989). Hatching occurs within 24 hours. 
Larvae develop offshOre through five naupliar. three protozoeal, and three mysis stages before 
metamorphosing into posttarvae (Cool< and Murphy 1969, 1971). Several postlarval stages 
occur prior to metamorphosis to the juvenile stage. Larval development tal<es approximately 11 
days at a temperature of 32°C, and approximately 17 days at a temperature of 24°C (Cool< and 
Murphy 1969). Brown Shrimp larvae are most commonly sampled below mia-depth in the wila. 
Protozoea of this species are lil<ely to occur nearest the bottom, while postlarval stages occur 
at, or slightly above mid-depth. However, all stages ascend to surface waters with the onset of 
dar1<ness. Larval stages use tidal currents (selective tidal stream transport) and wind generated 
advection to assist with immigration to nursery areas. Postlarvae return to coastlines on surface 
current during late Winter and spring (Bearden 1961 ). Brown Shrimp postlarvae began entering 
sounds in North Carolina from October through May, with peal< recruitment in March and April 
(Zamora and Trent 1968). In South Carolina, P. aztecus postlarvae are found in all months of 
the year. With recruitment peal<ing during February and March (Bearden 1961 ). Juveniles are 
collected beginning in mid-April and continuing throughout the summer months (Williams 1955). 
Postlarvae enter estuaries on flood tides and migrate to shallow, low-salinity waters. Growth is 
rapid during the warmer summer months, up to 46 mm per month (Williams 1955). After 
spending approximately six months in the nursery area. subadults begin migration into 
progressively more saline waters, eventually returning to offshore areas. The preferred Brown 
Shrimp temperature range is 9-27"C (mean 22°C). Brown Shrimp have been observed to burrow 
at temperatures below 12 - 17°C, re-emerging from sediments when temperatures rose above 
18 - 21.5° C (Aldrich et al. 1968). Postlarval shrimp growth and surviVal is compromised at 
temperatures above 32°C, and temperatures above 36.6°C are lethal. Brown Shrimp may be 
affected directly by increasing ocean acidification (formation of thicl<er exosl<eletons may affect 
transparency and thus crypsis and survival; Taylor et al. 2015) and indirectly (reliance on 
molluscs in their diet). Brown Shrimp have a high population growth rate, With rapid individual 
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growtll and high fecundity, early age-at-maturity (0.5 years), short lifespan (approximately two 
years), a high natural mortality rate, and a low maximum size. They are lil<ely to respond fairly 
rapidly to population disturbances or depletion events based on these life history characteristics. 
Brown Shrimp are neitller overfished nor undergoing overfishing, according to a 2018 stocl< 
assessment. Genetically, Brown Shrimp showed no significant phylogenetic structure or 
population subdivision, and closely related haplotypes were geograpnically dispersed 
(McMlllen-Jacl<son and Bert 2003). Other potential stressors for Brown Shrimp include marsh 
fragmentation due to Sea Level Rise and anthropogenic alteration of estuarine habitat (pollution, 
nypoxIc events). 
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South Atlantic Vulnerability Assessment - Cobia, Rachycentron canadum 

Cobia, (Rachycentron canaaum) 

Oyerau Climate YYloerabilit( Rank: High. (2% bootstrap results in Mcderate. 98% bootstrap 
results in High). 

Climate Exposure: Very Hi!1}. Three exposure factors.: 3.5 contributed to this score: Ocean 
Surface Temperature (4.0), Ocean Acidification (4.0) and Salinity (3.9). Exposure to all three 
factors occurs during the life stages. Cobia use coastal and nearshore habitats during all life 
stages. 

Bjo!ogjcal Sensjljyj)y: Moderate. Five sensitiVity attributes scored .: 2.5 Dispersal of Early Life 
Stages (2.5), Early Life History Survival and Settlement Requiremenls (2.8), Reproductive 
Complexity (2.6), Spawning Cycle (2.6) and SensitiVity to Ocean Acidification (2.5). Little is 
known of Cobia early life history survival and settlement requirements other than a frequent 
association with floating structures. Cobia are known to form spawning aggregations (Rodger 
and von Zharen 2012), which could make them susceptible to exploi1ation. They rely heavily on 
crustaceans in their diet, making them vulnerable to increasing ocean acidification. 

Distributional Vulnerability Rank: High. Cobia are habitat generalists that are mobile, and have 
dispersive early life stages. 

Directional Effect in the Southeast U.S. Shelf: The effect of climate change on Cobia on the 
Southeast U.S. Shelf is estimated to be neutral. Warming seawater temperatures in the 
mid-Atlantic and northeast may lead to Cobia migrating from the southeast to these regions. 
Minor effects of Ocean Acidification are possible, but a generally opportunistic diet may offset 
this. 

Data aualjty: 100% of the data quality scores were 2 or greater. Early Life History Survival and 
Settlement Requirements was the lowest score at 2.0. 

Climate Effects on Abundance and Distribution: Cobia feed on crustaceans and thus may be 
affected by ocean acidification. Their eggs and larvae rely on tidal transport into suitable 
estuarine nursery habitat and changes in oceanic currents, as well as changes to environmental 
variables such as temperature and salinity in those estuaries, could affect survival (Lefebvre 
and Denson 2012). 

Life History Synopsis: Cobia is a pelagic species with a circumtropical distribution, except for 
the Eastern Pacific (Shaffer and Nakamura 1989). Cobia is a monotypic species in the Family 
Rachycentridae. Along the U.S. East and Gulf coasts, Cobia occur from Massachusetts to the 
Florida Keys and throughout the northern Gulf of Mexico (Shaffer and Nakamura 1989). Along 
the Eastern Seaboard of the U.S. Cobia are most abundant from Chesapeake Bay south 
through Florida coastal waters. Cobia utilize nearshore ocean waters and coastal estuaries and 
large sounds from about April to July; by August they tend to move farther offshOre. Cobia 
exhibit a curious hovering behaVior around fixed or moving objects such as large sharks, rays, 
sea turtles, buoys, flotsam, rafts of Sargassum and oil rigs (in the Guf of Mexico). Little is 
known of the diet of larval or juvenile Cobia. Adults consume a wide variety of teleost fishes, 
portunid crabs, shrimps, cephalopods, and even juvenile elasmobranchs (Smith 1995). Adult 
Cobia are highly migratory; they tend to migrate south to Florida in winter while some may 
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South Atlantic Vulnerability Assessment - Cobia, Rachycentron canadum 

overwinter on the outer por1ions of the continental shelf along the southeast U.S. coast (Shaffer 
and Nakamura 1989; Smith 1995; Hendon et al. 2008). In spring they tend to redistribute in 
inshore and estuarine waters. Migrations and spawning cues may be temperature related. 
Cobia spawn in coastal waters near inlets; cobia form aggregations and spawn during daylight 
usually from June through August (Rodger and Zharen 2012). Eggs and larvae, which are 
pelagic, have been collected in estuaries suggesting that Cobia use these areas as nurseries 
(Lefebvre and Denson 2012). It is reasonable to assume that earty Ile history stages of Cobia 
are vulnerable to estuarine disruption and degradation. The distribution of Cobia is greatly 
affP.r.lP.cl hy tP.m pP.raturP. GP.nP.rally. Cohia or.cur in thP. r.oolP.r portion of lhP.ir rangP. only cluring 
the warm months of the year. Cobia either migrate to warmer waters or move offshOre to deeper 
waters during the colder months (see 3.51 ). They have been collected from waters of 
16.8-32.o•c. Hassler and Rainville (1975) reported 37.?°C to be lethal to juveniles. The 
juveniles tolerated temperatures down to 17.7"C, although they ceased feeding entirety at 
18.3"C. According to Richards (1967). Cobia do not appear in the Chesapeake Bay until water 
temperatures exceed 19°C. Smith (1995) reports Cobia first appear in inshore waters of North 
Carolina when water temperatures reaeh about 20°c; they usually occur in water depths o to 50 
m. In recent years, anecdotal information suggests Cobia have been more abundant north of 
Chesapeake Bay in coastal waters of New Jersey. Cobia are fast growers and females. up to 
70%, reach sexual maturity at age 2; maximum age is about age 15 1:sEDAR 2013). A recent 
assessment of the stock indicated that the stock is not overfished (SSB21nfMSST = 1.88), and 
that overfishing is not occurring (F ?01'i-?01,IF _ = 0.29) (SEDAR 58 2020). 
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South Atlantic Vulnerability Assessment - Species NaMative Template 

Cubbyu (Pareques umbrosus) 

Oyerau Climate YYloerabilit( Rank: Moderate. (93% bootstrap results in Moderate, 7% 
bootstrap results in High). 

Climate Exposure: Very High. Three exposure factors contributed to this score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (4.0). Cubbyu are exposed to all of 
these factors during their life span. utilizing coastal soft and hardbottom marine habitats. Their 
diet consists in large part of crustaceans (Lindquist et al. 1994 ), and me species is likely to be 
affected by increasing ocean acidification. 

Biological Sensitivity: Low. No sensitivity attributes scored;:: 2.5. Ocean Acidification (2.3) and 
Early Life History Survival aid Settlement Requirements (2.4) were the attributes scorers 
deemed most affected by changing climate. 

Distributional Vulnerability Rank: Moderate. Three attributes indicated moderate potential for 
distribution shift: adult mobility, early life stage dispersal, and low habitat specialization. 

Directional Effect in the Southeast U.S. Shelf: The effect of climate change on Cubbyu on the 
Southeast U.S. Shelf is estimated to be neutral. There is little infonmation in the literature on 
Cubbyu biology and environmental preferences, making an estimate of directional effect of 
climate change difficult. 

Data Quality. 67% or tile llala 4ualily scu,es we,e ~ 2. 

Climate Effects on Abundance and Distribution: Cubbyu will likely be most affected by 
increasing ocean acidification because of their reliance on crustaceans in their diet. There is 
little information in the literature about temperature or salinity preferences. Based on the 
proximity of newly settled larvae to adult habitat, it was sunmised that cubbyu larvae remain 
close to the spawning grounds (Holl and Riley 1999), and thus early life stages would be 
impacted by any climate-forced changes in environmental variables such as temperature and 
salinity. 

Ljfe History Synopsjs: Cubbyu is a relatively small drum reported from North Carolina and 
Bermuda, through Florida, throughout the Gulf of Mexico, the Yucatan Peninsula, through 
French Guiana to Brazil. It is also known from Puerto Rico and Barnados (Fishbase; Robins & 
Ray 1986, HUlllallll & Delwcll 2002, ReelNel 2007, Kells & Carpe11ler 20·11, CltaU el al. 20'15). 
Both juvenile and adults occur near the bottom in shallow coastal waters over sandy and mud 
bottoms, but can also be found on temperate hard bottom reefs where they are common on the 
underside of and closely associated with ledges that provide structural relief (Chao et al. 2015). 
Adults reach a maximum length of 25 cm total length (TL), whereas no information is available 
concerning maximum age (FishBase; Robins & Ray 1986). Off the coast of North Carolina in 
Onslow Bay, cubbyu ranging in size from 6.3 - 16.5 cm standard length (SL) were observed to 
prey on a variety of hard- and soft-bodied invertebrates. Stomachs contained predominantly 
crabs, penaeid shrimp, cari<lean shrimp, and smaller amounts of amphipods, mysids, tanaids, 
polychaetes, and flatworms. Small amounts of teleost fishes were also found in the diet 
(Lindquist et al. 1994 ). Adult mobility of Cubbyu is unknown. Their close association with ledges 
and overhangs suggests limited mobility, although nocturnal forays over sand adjacent to reefs 
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has been observed, and Cubbyu were found to positively select sand-associated prey 
compared with reef-associated prey (Lindquist et al. 1994 ). No information is currently available 
regarding the formation of spawning aggregations by Cubbyu. Cubbyu were observed to spawn 
in aquaria 3-5 times weekly or every 1.5-2.3 d (Holt & Riley 1999). The congener, high hat 
(Pareques acuminatus), was observed to spawn in pairs in aquaria (Thresher 1984). Regarding 
the spawning season, Holt & Riley (1999) collected fish for tneir study and raised them in culture 
until 'natural spawning first occurred in November 1993, and ... spawning continued at a 
frequency of 3-5 times weekly through November 1996.' Cubbyu spawned best under 
r.onc1itions of ?fi-?n°C. s;ilinily of ~fi%o, ;inc11fi·9 h lighl/c1;irk photopP.rioc1 (Holt & R ilP.y 1999) 
Darovec (1983) found juvenile Cubbyu most abundant in the Gulf of Mexico in late spring-early 
summer. but present all year long. From this evidence it appears possible the species could be 
a year-round spawner if conditions remained favorable. The planktonic larval duration (PLD) of 
Cubbyu can be inferred from controlled conditions in aquaria, where metamorphosis to the 
juvenile stage occurred between 10-15 mm and 26 to 30 d posthatch (Holt & Riley 1999). 
Cubbyu PLD is similar to the majority of reef fishes that have PLDs of 20-30 d, altnough PLDs 
can range from 8-150 d (Victor 1991). Early life history (larval) requirements of Cubbyu are 
unknown. Larvae may recruit to adult habitats, as recently-settled ( <3 cm TL) juveniles have 
been observed together with adults on hard bottom reefs in depths oi 16-21 m at Gray's Reef 
National Marine Sanctuary, off the coast of Georgia (RC Munoz, pers. obs). Cubbyu occur from 
23-27.9° C (preferred temperature, Kaschner et al. 2016). They occi.py habitats from 5-110 m 
depth. Cubbyu may be indirectly affected by ocean acidification, as adults have been found to 
consume prey (amphipods, crabs, shrimp; Lindquist et al. 1994) that are negatiVely affected by 
ocean acidification (Kurihara et al. 2008; Bhadury 2015; Long et al. 2013; Cripps et al 2015). 
No information is available regarding population growth rate of cubbyu. Altnough the stock has 
never been assessed, it is relatively abundant, is not heavily fished, and is thought to be stable 
over time, so the workshop scorers thought the population would be at or above BMSY. This 
widely distributed species is generally uncommon. There are no known major threats, therefore. 
it is listed as Least Concern (Chao et al. 2015). Other potential stressors for Cubbyu are not 
readily apparent. There are no known major threats. It occurs as bycatch and juveniles are 
collected for the aquarium trade. It may also be susceptible to invasive lionfish predation (Chao 
et al. 2015). 
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Dolphin - Coryphaena hippurus 
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Common Name (Species Name) - Dolphinfish - Coryphaena hippurus 

Oyerau Climate vu1nerabilit( Rank: Moderate. (100% bootstrap results in Moderate). 

Climate Exposure: Very Hi!tt. Four exposure factors contributed to this score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0), Salinity (3.9) and Currents (3.6). Dolphinfish are 
oceanic dwellers exposed to all these factors and rely on currents for larval dispersal. 

Biological Sensitivity: Low. No sensitivity attributes scored above 2.0: Adults are a fast growing, 
rapidly maturing, and short~ived species dwelling in offshore marine waters. 

Distributional Vulnerability Rank: Very High. Dolphinfish are habitat generalists that are highly 
mobile and have widely dispersed early life stages. 

rnrectjona1 Effect on the Southeast u s Shelf: The effect of climate change on Dolpllinfisll on 
the Southeast U.S. Shelf is estimated to be positive. Tile species is a pelagic oceanic resident 
and enjoys a tropical to temperate distribution and will likely not be impacted by moderate 
seawater temperature increases. Tile effect of ocean acidification is expected to be minimal. 

Data Quality: 75% of tile data quality scores were~ 2. Little is Known about Early Life History 
Settlement and Survival Requirements. 

Climate Effects on Abundance and rnstrjbu)jon: Distribution of Dolpllinfisll into more northern 
w;:if P.~ <:0111'1 or:r:11r wiltl ;:i w;irming r:limaf P. Or:P.;:in ;:ir:ir1ifir:;:ifion will likP.ly h;:ivP. ;:i nP.gligihlP. P.ff P.r:I 
on Dolphinfish, as they are fairly opportunistic predators and can switch from crustaceans found 
in sargassum mats to squid and fishes. Changes in oceanic currents might have some effect if 
transport of larvae to sargassum mats used for refuge and foraging is disrupted. 

Life History Synopsis: Dolphinfish is an inhabitant of open ocean and coastal waters. The 
species has a circumglobal distribution (between 47 degrees N and 40 degrees S latitude) and 
is found in tropical and subtropical waters (Fishbase). Juveniles and adults are often found in 
association with floating sargassum mats and other floating debris. Dolphinfish are found in 
warm oceanic and coastal waters. usually at temperatures above 21 'C. Unpublished pop-up 
satellite tag data has sllOwn Dolpllinfish to occur in temperatures from 18-31°C and to depths of 
250 m (Schlenker et al. 2020). Dolpllinfish are commonly found in open ocean salinities up to 
36 ppt. Dolphinfish are not limited in their mobility, and are capable of lengthy migrations. 
scmenKer et a1. (2020) reported mat pop-up satelllte arcn1vaI tag data snowed movement or 
over 100 km per day in fish tagged in the Florida Straits. Dolphinfish are opportunistic predators 
feeding on a wide variety of fish and invertebrates found associated with floating mats of 
sargassum on the ocean surface. Tiley are also capable of feeding on mobile prey such as 
flyingfislles and mackerels (Collette et al. 2011; Manooch et al. 1984j. Adult diets are equally 
generalist, consisting of fishes, zooplankton, crustaceans such as crabs and shrimp, and squid 
(Oxenford and Hunte 1999). Spawning is probably year-round at water temperatures greater 
than 21 °C, and spawning occurs in the open ocean when water temperature rises. In temperate 
areas such as North Carolina, peak spawning occurs from April through July. The species 
spawns from spring through late fall in the northern Gulf of Mexico and possibly year-round in 
tropical Atlantic (Gibbs and Collette 1959) and southern Gulf waters where water temperatures 
remain above 24°C. Beardsley (1967) found spawning in the Florida Straits occurred January 
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through March. Batch spawning occurs at least two or three times per spawning period. Batch 
fecundity estimates in the west central Atlantic range from 58,000 to 1.5 million eggs and are 

strongly influenced by size (Gibbs and Collette 1959, Ditty 2005, Schwenke and Buckel 2008, 
Oxenford 1999). Eggs and larvae are pelagic (Collette 1986), and likely remain in the open 
ocean, relying on currents to transport them to proximal sargassum mats which they may use 
for refuge and foraging. The species is fast-growing and short-lived, attaining a maximum age of 
4 years, usually less than 2 years (Oxenford and Hunte 1983). Age at first maturity is three to 
four months in the Gulf of Mexico. four months in the Caribbean (Oxenford 1999). In Puerto 
Ric.o. fiO¾ m::iturity is rP.::ir.hP.rt ::it 4fi r.m Fl (> 7 months) (PP.rP.7 ::inl1 8::il1ovy 1!l!l1) Off North 
Carolina, males reach 50% maturity at 476 mm, 100% at 645 mm; females reach 50% maturity 
at 458 mm, 100% at 560 mm. Growth is rapid, as exhibited by a von Bertalanfly growth 
coefficient of K = 1.08/yr for North Carolina fish (Schwenke and Buckel 2008). Earlier studies 
found K = 0.68 from the Straits of Florida (Beardsley 1967). Dolphinfish have not been 
assessed from the southeastern U. S. Atlantic coast under the SEDAR protocol, as there is 

limited data. Prager (2000) computed a B1998 1Br.,sv value of 1.56, inditating the stock was not 
overfished, but cautioned that inputs into the model were dated and there was considerable 
uncertainty. There is some evidence of stock structure based on biobgical and morphological 
characteristics (Oxenford and Hunte 1986, Lessa et al. 2008, Duarte-Neto et al. 2008). however 
there is genetic connectivity between migratory groups in the Atlantic, Caribbean and Gulf of 
Mexico (Wingrove 2000). Since Dolphinfish live in the open-ocean pelagic realm. effects of 
other stressors will be limited. They are not likely to be impacted by the anthropocentric habitat 
degradation likely to be encountered by estuarine species. Their pelagic habit , as well as their 
rapid growth habit, should preclude excessive lionfish predation. 
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Dusky Shark - Carcharhinus obscurus 

Overall Vulnerability Rank = Very High ■ 

Biological Sensitivity = High 0 
Climate Exposure = Very High ■ 

Data Quality = 92% of scores ;c: 2 
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Dusky Shark ( Carcharhinus obscurus) 

Overall Climate Vulnerability Rank: Very High. (4% bootstrap results in High, 96% bootstrap 
results in Very High). 

Climate Exposure: Very High. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (3.9) and Salinity (4.0). Dusky Sharks are highly 
migratory species occupying the water column from the surf zone to pelagic waters > 400 m 
depth. 

Biological Sensitivity: High. Two sensitivity attributes were~ 3.0: Population Growth Rate (3.7) 
and Stock Size/Status (3.2).Dusky Sharks are a relatively long-lived fish (40+ years; NMFS 
2016), with a low population growth rate and a late age at maturity (19 years; Natonson et al. 
1995; Steimle and Shaheen 1999). The species was detennined to be historically overfished 
and undergoing overfishing in a recent stock assessment (SEDAR 2016). 

Distributional Vulnerability Rank: High. Three attributes indicated high potential for distribution 
shift: high adult mobility, widespread dispersal of early life stages, an:J a habitat generalist habit. 

Directional Effect on the Southeast U.S. Shelf: The effect of climate change on Dusky Sharl< on 
the Southeast U.S. Shelf is projected to be neutral. The species is a highly mobile inhabitant of 
warm temperate and tropical waters and effects of ocean acidification is expected to be minimal. 
There is little evidence to suggest either positive or negative directional effects of climate 
change. 

Data aua!jty: 92% of the data quality scores were 2 or greater. Attributes for which data was 
identified as lacking included Complexity in Reproductive Strategy (1.8) and, to a slightly lesser 
degree. Spawning Cycle (2.2). 

Climate Effects on Abundance and Distribution: There is very little inlonnation on the effect of 
climate change on Dusky Shark. In a vulnerability assessment from Australia, Dusky Shark 
exposure rankings were determined to be highly influenced by water temperature even though 
sensitiVity to temperature was ranked low (Chin et al. 2010). Similarly, in our assessment the 
high exposure rankings of Ocean Surface Temperature. Salinity, and Ocean Acidification were 
in opposition to the low sensitivity rankings for ttlose sensitiVity attributes. The main drivers of 
the overall very high vulnerability ranking for Dusky Sharl< in southeastern U. S waters were 
growth rate and stock size/status. 

Life History Synopsis: The Dusky Shark is a large coastal and pelagic shark species found in 
subtropical continental shelf waters of the U. S. Atlantic Ocean from Western Atlantic from 
southern Massachusetts to Florida (including the Bahamas and Cuba, through the Gulf of 
Mexico and as far south as southern Brazil and Uruguay. Juvenile Dusky Sharks generally avoid 
low salinities but have been found in shallow estuarine areas along the US. southeast coast 
(e.Q., Bulls Bay, South Carolina; Castro 1993). Adults are hiQhly miQratory and occupy habitats 
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from the surf zone out to depths of 500 m (Weigmann 2016). Juvenile Dusky Shark diets consist 
predominantly of small pelagic teleosts and squid, and it is thought they are somewhat 
generalist, able to switch to available fare. Adult diets are fairly diverse. including a wide variety 
of reef, bottom, and pelagic bony fishes, as well as other elasmobranchs, crustaceans. octopi, 
cuttlefish, squid, starfish, barnacles. bryozoans, Whale meat, and occasional garbage . Dusky 
Sharks can likely expand their dietary preferences to suit prey availability (Castro 1983; 
Gelsleichter et al. 1999; Smale 1991). Both adult and juvenile Dusky Sharks are highly 
migratory and thus highly mobile, with one tagged individual from South Africa documented to 
migrate 742 nauucaI m11es (DuaIey et al. 2005). Tne species unaergoes annual seasonal 
migrations along the east coast of the U. S., southward in winter and northward in summer 
(Castro 1983). Low salinity habitats are generally not utilized by adults, although some juvenile 
usage of shallow estuaries is known from South Carolina (Castro 1993). Dusky Sharks exhibit 
viviparity, giving live birth to a litter of between 2-18 pups (mean 7), with a gestation period of 22 
months, two to three years between reproductive cycles, and a size at birth of 70-100 cm 
(Branstetter and Burgess 1996). Dusky Sharks mature very late with females maturing at 
age-19 and males at age-21. Dusky Sharks are found in temperatures from 8.7-18.6"C (mean 
12.6°C). They begin to rell.m from the northernmost point of their migrations in the fall when 
seawater temperature begins to decrease. Dusky Sharks are not likely to be affected by ocean 
acidification as their diet is primarily teleosts. elasmobranchs and cephalopods. Dusky Sharks 
have a very slow maximum intrinsic rate of increase (0.02) and would thus likely be unable or 
slow to recover from population depletions such as overfishing. Life history characteristics 
corroborating this conclusion include a maximum age of 40, a large body size (42 cm), a low 
growth coefficient K = 0.039, and an age-at-maturity of 19-21 years. Generation length for 
Dusky Sharks is calculated at 29.8 years (Natanson et al. 2014). Dusky Sharks are classified as 
endangered by the IUCN. A recent stock assessment update found the species to be overfished 
and undergoing overfishing (SEDAR 2016). All life stages are exploited by fisheries. There is no 
evidence of genetic structure between east coast and Gulf of Mexico populations (Benavides et 
al. 2011, McCandless et al. 2014). Fishing pressure is the primary stressor for Dusky Sharks, 
while there may be some minor effects of pollution or development on estuarine areas used as 
nursery grounds by some populations. 
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Eastern Oyster - Crassostrea virginica 

Overall Vulnerability Rank = Very High ■ 

Biological Sensitivity = High 0 
Climate Exposure = Very High ■ 

Data Quality = 92% of scores ;c: 2 
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South Atlantic Vulnerability Assessment - Species NaMative Template 

Eastern Oyster ( Crassostrea virginica) 

overall Climate Vulnerability Rank: Very High. (100% bootstrap resuls in Very High). 

Climate Exposure: Very High. Four exposure factors were scored ;:: 3.5: Salinity (3.5), Ocean 
Acidification (4.0), Air Temperature (4.0), and Sea Level Rise (3.9). Eastern Oysters are 
shell-forming invertebrates inhabiting estuarine, lagoonal and intertidal habitats where they are 
exposed to potential fluctuations in all of these factors. 

Biological Sensitivity: High. Five sensitivity attributes scored ;:: 3.0: Adult Mobility (4.0, ) Early 
Life History Settlement and Survival Requirements (3.0), Ocean Acidification (3.4 ), Stock 
Size/Status (3.2) and Other Stressors (3.6). Eastern Oysters are immobile and can not get away 
from harmful algal blooms or anthropogenic stressors such as pollution, and their shell-forming 
habit makes them vulnerable to an increasingly acidic ocean. 

Distributional Vulnerability Rank: Low. Three attributes indicated extremely limited potential for 
distribution shift: no adult mobility, limited ear1y life stage dispersal, and high habitat 
specialization. 

Directional Effect on the Southeast U.S. Shelf: The effect of climate change on Eastern Oyster 
on the Southeast U.S. Shelf is estimated to be negative. Ocean acidification will likely impact 
molluscs such as Eastern Oyster. Increasing temperature and salinity may work synergistically 
to make oysters more susceptible to impacts from disease and pollutants. 

Data Quality: 92% of the data quality scores were 2 or greater. Data gaps exist for Stock 
Size/Status, an attribute which scorers determined had high sensitivity. 

Climate Effects on Abundance and Distribution: Eastern Oyster is a species that completes its 
life cycle in estuaries, which results in high exposure to anthropogenic stressors. Multiple 
threats to Eastern Oyster are known. Historically, diseases such as MSX and dermo, Which are 
caused by single-celled parasites, have had major population impacts and continue to be 
problematic (Hofmann et al. 2009). Further, parasitic boring sponge has been recognized as 
having negative impacts on restoration efforts (Dunn et al. 2014 ). Invasive species that inhabit 
oyster reefs, including tropical invaders from the south (e.g., green porcelain crab), have the 
potential to impact oyster population dynamics in the southeast U.S. (Hollebone and Hay 2008). 
Ocean acidification might negatively impact multiple developmental and metabolic processes in 
Eastern Oyster (Beniash et al. 2010), although oysters may be more resilient to acidification 
than other bivalve species (Cobler and Talmage 2014 ). Despite all the above stressors, Eastern 
Oysters do appear to be resilient to projected sea level rise (Ridge et al. 2017; Rodriguez et al. 
2014). 

Life History Synopsis: Eastern Oyster is a widespread estuarine species that occurs along the 
entire Atlantic and Gulf of Mexico coasts of the U.S. Oysters are intertidal or subtidal reef 
building species. recognized for valuable ecosystem services including seafood, fisheries 
habitat, water filtration, and shOreline protection (Grabowski et al. 20·12). Three major 
genetically distinct geographic groups are known: North Atlantic, South Atlantic, and Gulf Coast 
(Wakefield 1997). Within these broader groups, significant local scale genetic differentiation also 
occurs with this species (Varney et al. 2016), suggesting the potential for local environmental 
adaptation. Thus, climate change may influence discreet oyster populations differently, based on 
potentially unique responses to local environmental change. Oysters are filter feeders, 
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consuming phytoplankton from the water column. Oyster reefs grow mrough processes of new 
recruitment and growth and survival of individuals that make up the reef. The elevation (i.e .. 
amount of tidal exposure) where oyster reefs grow varies spatially within an estuarine system 
based on a complex interaction between salinity and predation pressure (Johnson and Smee 
2014; Ridge et al. 2017). At higher salinity locations, predators including oyster drills, multiple 
crab species and certain fishes may reduce survival of subtidal oysters, thus restricting them to 
intertidal elevations. Adult oysters are sessile and may reach harveslable size within 2-5 years, 
depending on water temperature. While individuals probably live 10+ years (Powell et al. 2013), 
few age-4 or older indiViduals may occur on a reef (Mann et al. 2009j. Oysters are sequential 
protandrous hermaphrodites and start out life as males. reaching maturity within several months 
of settling. While a portion of oysters will remain as males throughOut life, the sex ratio will 
gradually shift towards a majority (-75%) offemales by age-3 or 4 (Harding et al. 2013). 
Fecundity of oysters increases exponentially with oyster size and a single female is capable of 
broadcast spawning tens of millions of eggs in a single event (Mann et al. 2014). The spawning 
season in the southeast may last 7 months. ranging from spring to fall (O'Beirn et al. 1995) and 
individuals may spawn mumple times (Mann et al. 2014 ). Offspring pass through several 
free-sWimming larval stages that feed on phytoplankton and last for tNo to five weeks depending 
on temperature (DekshenieKs et al. 1993). Although larvae are capable of vertical swimming 
behaVior, dispersal is primarily the result of Wind and tidal driven currents (Haase et al. 2012; 
Kroll et al. 2018). However, retention of larvae within the natal area occurs and is probably 
important for the persistence of many oyster reefs and for allowing local genetic adaptation 
(Varney et al. 2016). Spat, or juvenile oysters, may settle on a varietv of hard substrata. Larvae 
preferentially settle on existing oyster reefs by responding to sounds produced by live reefs 
(Lillis et al. 2013). Eastern Oyster is a species that completes its life cycle in estuaries, which 
results in high exposure to anthropogenic stressors. Multiple threats (o Eastern Oyster are 
known. Historically, diseases such as MSX and dermo, which are caused by single-celled 
parasites, have had major population impacts and continue to be problematic (Hofmann et al. 
2009). Further. parasitic boring sponge has been recognized as haVing negative impacts on 
restoration efforts (Dunn et al. 2014). Invasive species that inhabit oyster reefs, including 
tropical invaders from the south (e.g., green porcelain crab), have the potential to impact oyster 
population dynamics in the southeast U.S. (Hollebone and Hay 2008). Ocean acidification might 
negatively impact multiple developmental and metabolic processes in eastern oyster (Beniash 
et al. 2010), although oysters may be more resilient to acidification tnan other bivalve species 
(Gobler and Talmage 2014). Despite all the above stressors. oysters do appear to be resilient to 
projected sea level rise (Ridge ct al. 2017; Rodriguez ct al. 2014). 

Literature Cited: 

Beniash E, lvanina A, Lieb NS, Kurochkin I, Sokolova IM. 2010. Elevated level of carbon dioxide 
affects metabolism and shell formation in oysters Crassostrea virginica. Mar. Eco. Prog. 
Ser. 419:95-108 

Dekshenieks MM, Hofmann EE. Powell E. 1993. Environmental effects on the growth and 
development of eastern oyster, Crassostrea virginica (Gmelin, 1791 ). larvae: a modeling 
study. J. Shellf. Res. 12:241-254 

Dunn RP, Eggleston DB, Lindquist N. 2014. Oyster-sponge interactions and bioerosion of 
reef-building substrate materials: implications for oyster restoration. J. Shellfish Res. 
33 727-738 

100 



 

181 
 

South Atlantic Vulnerability Assessment - Species NaMative Template 

Gobler CJ, Talmage SC. 2014. Physiological response and resilience of early life-stage eastern 
oysters (Crassostrea virginica) to past, present and future ocean acidification. Conserv. 
Phys. 2:1-15 

Grabowski JH, Brumbaugh RD. Conrad RF, Keeler AG, Opaluch JJ, et al. 2012. Economic 
valuation of ecosystem services proVided by oyster reefs. Bioscience, 62:900-909 

Haase AT, Eggleston DB, Luettich RA, Weaver RJ, Puckett BJ. 2012. Estuarine circulation and 
predicted oyster larval dispersal among a network of reserves. Estuar. Coast. Shelf Sci. 
101·~~4~ 

Harding JM, Powell EN. Mam R, Southworth MJ. 2013. Variations in eastern oyster 
(Crassostrea virginica) sex-ratios from three Virginia estuaries: protandry, growth and 
demographics. J. Mar. Biol. Assoc. Unit. King. 93:519-531 

Hofmann E. Bushek D, Ford S, Guo X, Haidvogel D, et al. 2009. Understanding how disease 
and environment combine to structure resistance in estuarine bivalve populations. 
Oceanography 22:62-81 

Holebone AL, Hay ME. 2008. An invasive crab alters interaction webs in a marine community. 
Biol. Invasions 10:347-358 

Johnson KD, Smee DL. 2014. Predators influence the tidal distribution of oysters (Crassostrea 
virginica). Mar. Biol. 161:1557-1564 

Kroll IR, Poray AK, Puckett BJ, Eggleston DB. Fodrie FJ. 2018. Quantifying estuarine-scale 
invertebrate larval connectivity: methodological and ecological insights. limnol. 
Oceanog. 63:1979-1991 

Lillis A, Eggleston DB, Botrnenstiehl DR 2013. Oyster larvae settle in response to 
habitat-associated underwater sounds. PLoS ONE, 8(10): 
e79337.doi:10.1371/journal.pone.0079337 

Mann R, Southworth M, Harding JM, Wesson JA. 2009. Population studies of the natiVe eastern 
oyster, Crassostrea virginica, (Gmelin, 1791) in the James River, Virginia, USA. J. 
Shellfish Res. 28:193-220 

Mann K, ::;outnwonn M, Carnegie Kl:!, croc1<ett KK. :W14. 1empora1 vananon m tecunaity ana 
spawning in the eastern oyster, Crassostrea virginica, in the Piankatank River. Virginia. 
J. Shell!. Res. 33:167-176 

O'Beirn FX, Heffernan PB, Walker Rl. 1995. Preliminary recruitment studies of the eastern 
oyster, Crassostrea virginica, and their potential applications, in coastal Georgia. 
Aquaculture 136:231-242 

Powell EN, Morson JM, Ashton-Alcox KA, Kim Y. 2013. Accomodation of the sex-ratio in eastern 
oysters Crassostrea virginica to variation in growth and mortality across the estuarine 
salinity gradient. J. Mar. Biol. Assoc. Unit. King. 93:533-555 

Ridge JT, Rodriguez AB, Fodrie FJ. 2017. EVidence of exceptional oyster-reef resilience to 
fluctuations in sea level. Ecol. Evol. 7:10409-10420 

101 



 

182 
 

South Atlantic Vulnerability Assessment - Species NaMative Template 

Rodriguez AB, Fodrie FJ, Ridge JT, Lindquist NL, Theuer1<auf EJ, et al. 2014. Oyster reefs can 
outpace sea-level rise. Nature Climate Change 4:493-497 

Varney RL, Sackett RE, Wilbur AE. 2016. Analysis of spatiotemporal genetic variability in 
eastern oyster Crassostrea virginica (Gmelin, 1791) MTDNA 16S sequences among 
North Carolina popuations. J. Shellfish Res. 35:329-342 

Wakefield JR. 1997. Sequence variation in the mitochondrial large subunit (16S) ribosomal gene 
of lhP. AmP.rir.an oystP.r, r.ra.s.so.slrP.a virginica MS ThP.sis. IJnivP.rsity o f OP.lawarP.. 
Newark. DE 

102 



 

183 
 

Emerald Parrotfish - Nicholsina usta 
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Emerald Parrotfish (Nicho/sina usta) 

Oyerau Climate vu1nerabilit( Rank: High. (22% bootstrap results in Moderate, 78% bootstrap 
results in High). 

Climate Exposure: Very Hi!1}. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (4.0). Exposure to these factors occurs 
during the life cycle, in which Emerald Parrotfish reside on reef/rocky habitat as well as shallow 
seagrass beds (Westneat 2002) 

Bjo!ogjcal Sensjljyj)y: Moderate. Two sensitivity attributes scored ~ 2.5: Habitat SpecialiZation 
(2.5) and Early Life History Survival and Settlement Requirements (2.6). Emerald Parrotfish are 
Known to associate with specific microhabitats, including live scleractinian corals (Bellwood & 
ChOat 1989, Tolimieri 1998; Hamilton et al. 2017). Little information is available about other 
early life history requirements. 

Distributional Vulnerability RanK: Moderate. Emerald Parrotfish are habitat specialists that, while 
mobile, tend to exhibit site-association (Bellwood & Choat 1989) and thus are not scored as 
liKely to expand their distribution. 

Directional Effect on the Southeast U.S. Shelf: The effect of climate change on Emerald 
Parrotfish on the Southeast U.S. Shelf is estimated to be neutral. There is little information 
available to assess directional effects of climate change on Emerald Parrotfish. 

Data Quality: 42% of the data quality scores were 2 or greater. Data gaps were identified for the 
following attributes: Adult Mobility, Early Life History Survival and Settlement Requirements, 
Dispersal of Early Life Stages, Spawning Cycle, Sensitivity to Ocean Acidification, Population 
Growth Rate, and Other Stressors. 

Climate Effects on Abundance and p;strjbutjon There are no directed studies on the effects of 
climate change on distribution and productivity of Emerald Parrotfish. Ocean Acidification could 
have a major effect on the species in the form of habitat loss due to coral degradation; while 
some Emerald Parrotfish are found in seagrass beds and mangroves, they also rely on specific 
species of scleractinian corals for food and habitat (Tolimieri 1998), and there is some limited 
evidence that the species consumes sessile and encrusting invertebrates (Westneat 2002). 

Life I listory Synopsis: emerald Parrotfish (family Labridae, subfamily Scarinae) is a relatively 
small parrotfish reported from New Jersey through Florida, the Gulf of Mexico, the Yucatan 
Peninsula, to southeastern Brazil (Rio de Janeiro). It also occurs in the Greater Antilles but is 
absent from Bermuda, the Bahamas, and the Lesser Antilles (Fishbase; Robins & Ray 1986; 
Humann & Deloach 2002; ReefNet 2007; Bertoncini et al. 2012). Adults are found in seagrass 
beds, rocky coastal areas (temperate hard bottom reefs), deep reefs, sandy areas, macroalgae, 
and open hard bottom, mostly in very shallow water, but also to depths of 73-80 m. Large adults 
are said to live in deeper water (Bertoncini et al. 2012). Juveniles have been observed together 
with adults on hard bottom reefs in depths of 16-21 mat Gray's Reef National Marine Sanctuary, 
off the coast of Georgia (RC Munoz, pers. obs). Adults reach a maximum length of 30 cm total 
length (TL), whereas no information is available concerning maximum age (FishBase; Robins & 

Ray 1986). Emerald Parrotfish are believed to be largely herbivorous, feeding on seagrass, but 
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probably also gain nutrients from small invertebrates as well (Bellwood 1994; Westneat 2002). 
Adult mobility of Emerald Parrotfish is unknown. However, parrotfishes display a great diversity 
of mating systems and alternative reproductive behavior (Robertson & Warner 1978), and their 
movements are known to be influenced by their social strategy and tine of the year (Robertson 
& Warner 1978; Clifton & Robertson 1993; Afonso et al. 2008). For example, the larger (max 50 
cm TL) temperate parrotfisn. Sparisoma cretense, displays a median nome range size of 37,000 
m2, but with territorial individuals showing greatly restricted movements and limited mobility 
relative to individuals living in groups that snow greater mobility and make reproductive 
migrations c111ring lhP. sp,iwning sP.,ison (Afonso P.t ,11 ?OOR) No inform,itinn is r.urrP.ntly 
available regarding the formation of large spawning aggregations by Emerald Parrotfish. 
However, many parrotfishes are protogynous hermaphrodites, and the group displays a great 
diversity of mating and social systems (Robertson & Warner 1978; Thresher 1984; Colin & Bell 
1991 ). Repro<luctive and social behavior can include pair spawns, harems, alternative 
reproductive behavior, group spawns, territoriality, roving bachelors, and large spawning 
aggregations (Robertson & Warner 1978; Sa<lovy & Colin 2012; Roff et al. 2017). Regarding the 
spawning season, since the subfamily is largely tropical and associale<l with coral reefs, many 
species of parrotfishes are known to spawn year round on a daily basis, with frequency of 
spawning likely decreasing witn increasing latitude. Tne temperate parrotfish, Sparisoma 
cretense, has a distinct summer spawning season, with most indivi<luals spawning from 
June-September (Afonso et al. 2008). No information is currently available regarding the 
planktonic larval duration (PLO) of Emerald Parrotfish. However, other species of parrotfishes 
have PLOs ranging from 28-91 days (Lou 1993; Schultz & Cowen 1994; Munoz 2002). Early life 
history (larval) requirements of Emerald Parrotfish are unknown. Newly settled juvenile 
parrotfisnes are site-attacned an<l associate<l with specific microhabi:ats, including particular live 
scleractinian corals (Bellwoo<l & Choat 1989, Tolimieri 1998; Hamilton et al. 2017), although 
stoplight parrotfish (Sparisoma viride) were shown to facultatively recruit to areas with high 
cover of the macroalgae Dictyota spp., which may provide an alternative recruitment refuge 
(Paddack & Sponaugle 2008). In the eastern Mediterranean Sea, newly settled juveniles of the 
temperate parrotfish (S. cretense) settled in protecte<l shallow areas offering hard substrates 
and algal communities (Bartche et al. 2004 ). Emerald Parrotfish occur from 22.8-28°C (preferre<l 
temperature, Kaschner et al. 2016) and can be found distribute<l across five zoogeographic 
provinces. They occupy habitats from seagrass be<ls locate<l in very shallow water (1 m) to 
rocky reefs at 80 m <lepth. While believe<l to be largely herbivorous, Emerald Parrotfish may be 
indirectly affected by ocean acidification, as parrotfish are believed to gain some nutrients from 
the consumption of invertebrate epifauna on seagrass and macroalgae, as well as encrusting 
and sessile invertebrates that are part of the epilithic algal matrix on reefs (e.g., copepods, 
amphipods, ostracods; Kramer et al. 2013; Bonaldo et al. 2014; Oromard et al. 2017). These 
invertebrates may be negatively affecte<l by ocean acidification (Bhadury 2015; Cripps et al 
2015). No information is available regarding population growth rate of Emerald Parrotfish. 
Although the stock has never been assesse<l, it is rare but can be locally common and 
geographically widespread. In the Gulf of Mexico, there is evidence that populations are 
increasing (Fodrie et al. 2010). In the western Atlantic, there are no major threats known to this 
species. IUCN Re<l List classifies it as Least Concern. However, as this species is caught in 
large-scale trap and mull-species fisheries, more research is needed on the population status 
and harvest levels (Bertoncini et al. 2012). Given the above, the wort.shop scorers thought the 
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population would be at or above BMSY. Other potential stressors for Emerald Parrotfish are not 
readily apparent. There are no known major threats. Habitat degradation may be an issue in the 
future as seagrass beds and macroalgal meadows face stressors from climate change (Duarte 
et al. 2018). Emerald Parrolfish may also be susceptible to invasive lionfish predation, as other 
species of parrotfish have been recorded in the diet of lionfish (Peake et al. 2018). 
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Gag Grouper - Mycteroperca microlepis 

Overall Vulnerability Rank = Very High ■ 

Biological Sensitivity = High 0 
Climate Exposure = Very High ■ 

Data Quality = 92% of scores ;c: 2 
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Gag (Mycteroperca micro/epis) 

Overall Climate Vulnerability Rank: Very High. (99% bootstrap results in Very High, 1 % bootstrap 
results in High). 

Climate Exposure: Very Higi. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (3.9). Gag utilize marine coastal and 
nearshore habitats during all life stages and are exposed to all of these factors throughout their 
life cycle. 

BjoJogjcaJ Sensjtjyj!y: High. Four sensitivity attributes were.: 3.1: Habitat Specialization (3.1 ), 
Reproductive Complexity (3.2), Population Growth Rate (3.3), and Omer Stressors (3.1 ). Gag 
are a moderately slow grov,;ng and late-maturing species. They prefer offsllOre habitats of 
structural complexity as adults but juveniles are known to occur in estuarine seagrass beds, 
where they are lil<ely exposed to anthropogenic stressors. Gag are protogynous, forming 
spawning aggregations, which has led to overexploitation in the past, especially of larger males 
(McGovern et al.1998) reported the proportion of males decreased from 19.6% (1976-
1982) to 5.5% (1994 to 1995), and also suggested that the size at first maturity decreased. 

Distributional Vulnerability Rank: Moderate. Gag are mobile fish with widely dispersing larvae. 
but their need for specific habitat types likely is responsible for the potential for distribution shift 
being scored as moderate versus high. 

Directional Effect in the Southeast U.S. Shelf: The effect of climate change on Gag on the 
Southeast U.S. Shelf is estimated to be neutral (although the expert scorers were equally split 
between the three categories). Warming seawater temperatures in the southeast may mal<e 
nursery habitats less productive, while adults in deeper water habitats are not expected to be 
greatly impacted by increasing temperatures . The effect of ocean acidification is expected to be 
minimal, as Gag are flexible in prey selection. 

Data Quality: 92% of the data quality scores were 2 or greater. Ear1y Life History Survival and 
Settlement Requirements was identified as the sole sensitivity attribute for which data is lacl<ing. 

Climate Effects on Abundance and Distribution: Gag are lil<ely to be affected by Ocean 
Acidification, as they prey on crustaceans both as juveniles and adul:s. Adult Gag prefer 
structures of maximum complexity, such as Oculina reefs, which are lil<ely to be degraded by 
increasing acidification. Changing Ocean Surface Temperature could affect recruitment success 
of gag (Sedberry et al. 2001). While not documented in the literature, it is feasible that changing 
temperature could also alter timing of onset of spawning season. 

Life History Synopsis: Gag have a disjunct distribution in the western Atlantic from North 
Carolina south along the U.S., rarely in Bermuda, throughout the Gui of Mexico except Cuba, 
and in southern Brazil from the State of Rio de Janeiro to Santa Catarina (Robertson and Van 
Tassell 2015). The species is not found in the Bahamas or most of the Caribbean. Juveniles 
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occur in estuaries and seagass beds (Ross and Moser 1995, Koenig and Coleman 1996). In 
areas Where seagrass is absent (e.g., South Carolina) high-salinity oyster reefs and other 
shallow estuarine structures provide juvenile habitat (Mullaney and Gale 1996). Gag are a 
reef-associated species usually found offshore on rocky bottom (rarely to 152 m). and 
occasionally inshOre on rocky or grassy bottom. Adult Gag prefer habitats characterized by 
maximum structural complexity, such as living Oculina coral reefs, at depths between 70 and 
100 m (McGovern et al. 1998). Gag are the most common grouper on rocky ledges. Juveniles 
(less than 20 cm) feed mainly on crustaceans that live in shallow grass beds. The principal prey 
items or estuarine Gag IncIuaea caIanoIa copepoas, mysIas. gammanaean ampnipoos, grass 
shrimp, penaeid shrimp, and fishes (Mullaney 1993). Adult Gag feed on fishes, crabs, shrimps, 
and cephalopods. According to tagging studies, this species is capable of conducting 
movements of hundreds of kilometres (e.g., from South Carolina to the northeast Gulf of 
Mexico; Van Sant et al. 1990, Collins et al. 1996, Heinisch and Fable 1999, McGovern et al. 
2005, Lindberg et al. 2006). Gag spawn exclusively on shelf-edge reefs, preferably on rocky 
ridges next to drop-offs (Koenig et al. 1996, Koenig and Coleman 2011 ). Previously unexploited 
spawning aggregations of Mycteroperca microtepis and Scamp (M. phenax) consisting of 
hundreds of individuals observed in 1980 by Gilmore and Jones (1992) during manned 
submersible dives in the Oculina Banks off Ft. Pierce, Florida. Males remain near spawning 
sites in deep water year-round (Collins et al. 1987, McGovern et al. 1998, Koenig and Coleman 
2011 ). In December and January, females form pre-spawning aggregations in shallower areas 
prior to migrating to deeper water (Koenig and Coleman 2011 ), where they form multiple small 
spawning aggregations (20-50 individuals) in February through mid-April on the shelf edge 
(50-120 m) in the southeastern U.S. (McGovern et al. 1998, Koenig and Coleman 2011). This 
species is a protogynous hermaphrodite and a multiple (batch) spawner with indeterminate 
fecundity (McErtean and Smith 1964, Collins et al. 1997, Trejo-Martinez et al. 2006). Females 
reach maturity between 3-6 years of age around fork lengths of 70.5-72.1 cm (Hooa and 
Schlieder 1992, Heemstra and Randall 1993, Brule et al. 2003). Sex transition occurs between 
75-111 cm total length at 5-9 years of age (Collins et al. 1997, Brule et al. 2003). The dramatic 
decline in the proportion of males in spawning aggregations is of concern regarding spenm 
limitation. disruption of sex change processes and inbreeding (Coleman et al. 1996, Chapman 
et al. 1999, Koenig et al. 2000, Koenig and Coleman 2011 ). Atter a planktonic larval duration of 
between 40-GO days during which fish are transported from offshore spawning areas (typically 
35 to 100 miles offshore) to estuaries. larval Gag settle as juveniles in sea grass habitat or other 
suitable shallow water habitat (Coleman and Koenig Lab). Gag exhibit a preferred temperature 
range of 18-27 degrees C, mean 23 degrees C (fishbase.org). The species utilizes various 
depths within the water column. from shallow estuarine areas as juveniles to mid-to-deep reefs 
(to 167 m) as adults. Gag may experience effects of increased ocean acidification due to their 
diets of crustaceans. both as juveniles and, to a lesser extent, adults (Ross and Moser 1995). 
Gag exhibit a moderate to high vulnerability to population growth rate being affected by climate 
change. Natural mortality is estimated as high vulnerability (M=0.20), age at maturity of females 
is 3-6 years (high vulnerabiity), age at transition to males is 5-9 years (high-very high 
vulnerability), and maximum length is >1000 mm (high, approaching very high vulnerability). The 
last completed SEDAR stock assessment for Gag found SSB201/SSBMSY = 0.97. SSB201fMSST 
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= 1.13, indicating the stock was not overfished in the South Atlantic. A new stock assessment 
(2021) is ongoing, anel new results (not yet published) indicate there have been 1 O successive 
years of poor recruitment which have pushed Gag populations to the lowest levels in history. 
The stock is overfished in the Gulf of Mexico. Chapman et al. (1999) commented the 
siZe-limiteel population of M. microlepis suffered from restricted gene flow among genetically 
Clifferentiateel populations, reflecting the offspring woulel be more likely to be genetically related 
Clue to inbreeding. Other potential stressors for Gag include possible anthropocentric 
Clegraelation of inshore estu3rine habitat, temperate reef Clegraelation (e.g., destruction of 
ocunna reers by nsning gear), ana potentIaI nonnsn preaauon. 
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Golden Crab - Chaceon fenneri 
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Golden Crab (Chaeceon tenner,) 

Overall Climate Vulnerability Rank: High. (96% bootstrap results in High, 4% bootstrap results in 
Very High). 

Climate Exposure: Very Hi!1).Four exposure factors contributed to this score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0), Salinity (4.0) and Currents (3.7). Golden Crab 
residents of the deep continental shelf/slope, where they will be susceptible to changes in these 
environmental exposure factors. Changes in currents could affect the ability of larvae and 
juveniles to settle in appropriate habitat. 

Biological Sensitivity: Moderate. Four sensitivity attributes scored~ 2.5: Adult Mobility (2.7), 
Spawning Cycle (2.9), Dispersal of Early Life Stages (2.8), and SensitiVity to Ocean 
Acidification (2.6). Golden Crab are likely limited behaviorally in their mobility, preferring to 
remain close to their preferred benthic habitat. Little is known of the dispersal of ear1y life 
stages, and a shell-forming crustacean. the species may suffer decreased frtness, survival, or 
productivity due to increasing ocean acidification. 

rnstrjbutjonal YYloerabmty Rank: Low. Three attributes indicated limited potential for distribution 
shift: limited adult mobility (behavioral), limited ear1y life stage dispersal (little known about fate 
of propagules, but ii is thought they must remain close to preferred actult habitat), and relatively 
high habitat specialization. 

Directional Effect in the Southeast U.S. Shelf: The effect of climate change on Golden Crab on 
the Southeast U.S. Shelf is estimated to be neutral (although the expert scorers were almost 
equally split between the three categories). While there may be some negative effects of Ocean 
Acidification, the species· deepwater habitat preferences may spare them from impacts from 
increasing sea surface temperature or salinity. 

Data Quality: 25% of the data quality scores were ~ 2. Attributes for which data was lacking and 
sensitivity was judged high include Adult Mobility, Dispersal of Ear1y Life Stages, Spawning 
Cycle, and Sensitivity to Ocean Acidification. 

Climate Effects on Abundance and Distribution: References to effects of climate change on 
Golden Crab are lacking in the scientific literature. Increasing Ocean Acidification will likely 
affect the species because of their exoskeleton. but little is known of their diet and any reliance 
on invertebrates. Changes ii oceanic currents could have effects on both dispersal of larvae to 
suitable nursery habitat and the transport of nutrients and production to their deep ocean 
habitat. II is not known what effect increasing salinity or temperature will have. 

Life History Synopsis: Golden Crab are distributed from North Carolina through southeast 
Florida and into the Gulf of Mexico. The species is a large non-swimming crustacean inhabiting 
the continental slope at depths of 275-915 min the Floricta Straits, and has been reported from 
depths of 786-1462 m from Bennuda. Males reach sizes of five pounds and are commercially 
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valuable, while females are significantly smaller and have limited commercial value. Adult 
Golden Crab have been found in a variety of habitat types, including silt-clay molluscan shell 
fragments and foraminiferan shell, soft-bottom habitats between 458-549 m off SE Florida (flat 
foraminiferan ooze, rippled sediment, black pebble bottom and soft bioturbated substrate, Reed 
et al. 2017). Absence of Golden Crab at depths deeper than 550 m appeared to be related to 
unsuitable sediment type (coral fragments and rubble). Low outcrops, black pebble, rippled 
habitat, soft-bioturbated habitat, flat foraminiferan ooze, coral mounds, and dune habitat were 
preferred habitats off South Carolina (Wenner and Sarans 1990, Wenner et al. 1987). There is 
no 1nrormatIon In tne literature aoout Juvenue naonat prererences. out It Is likely tne same as 
adult habitat type. There is no information in the literature on the diet of Golden Crab. Given the 
limited nature of the deep water habitat they occupy and their limited mobility (non-swimming), it 
is likely their diet is limited and they are not able to opportunistically switch prey items easily. 
Adults likely have limited mobility, as they are not swimmers. They are capable of crawling but 
probably behaviorally stay close to their habitat, for both refuge and food. Examination of 
Golden Crab collected from southeast Florida indicates an annual reproductive cycle with a 
single batch of eggs produced each year. from August through October, with eggs retained on 
the female for approximatelf six months before hatching in February and March (Erdman and 
Blake 1988). No information on larvaI1uvenile development was found but it is likely that larval 
crabs remain proximal to where hatched, near preferred habitats on the continental slope. There 
is no information on presence of food for larvae, or specific environmental settlement cues. It is 
not likely that golden crab larvae depend on tidal transport/gyres, but more likely that they settle 
out where hatched on preferred continental slope habitat. Reed et al. (2017) found Golden Crab 
in temperatures ranging from 5.6 -16.7"C off Florida. This is similar to findings off South 
Carolina-Georgia from 7.0-15.5°C (Wenner and Sarans 1990). Golden Crab is likely to be 
affected by an increasingly acidic ocean, as it is a crustacean with a calcium carbonate shell. 
There is little information available on the population growth rate of Golden Crab. Erdman and 
Blake (1988) reported size at maturity of between 85-100 mm carapace length, but no 
information on siZe at age was found. Golden Crab have not been assessed. There was no 
genetic differentiation found between the two Chaeceon species off Florida, golden and red 
deep-sea crabs, despite there being fairty significant ecological differences (Weinberg et al. 
2003). There are no reports of variations in reproductive success or ffuctuations in population 
size or local extinction. Golden Crab are not likely to be impacted by many other stressors given 
the deep offshore nature of their habitat. However, offshOre oil exploration did impact individuals 
in the Gulf of Mexico during Deepwater Horizon. 
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Goliath Grouper - Epinephe/us itajara 
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Goliath Grouper (Epinephe/us itajara) 

Overall Climate Vulnerability Rank: Very High. (100% bootstrap resuls in Very High). 

Climate Exposure: Very Hi!1J. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (4.0). As a coastal reef fish that also 
occurs in seagrass bed, maigroves, and other nearshore areas as juveniles, the species is 
exposed to all of these environmental factors during their life stages. 

Biological Sensitivity: High. Four sensitivity attributes scored;:: 3.0: Reproductive Complexity 
(3.1 ). Spawning Cycle (3.1 ), Stock Size/Ratio (3.2) and Population Growth Rate (3.8). Goliath 
Grouper are a relatively long-lived and slow growing fish with low population growth rates. The 
species was overexploited to the point of being protected from all harvest in 1990, and is 
thought to be slowly recovering but is not expected to achieve full recovery until the year 2020 
or later. 

Distributional Vulnerability Rank: Moderate. Three attributes indicated only moderate potential 
for distribution shift: a moderate degree of habitat specialization (a preference for estuarine 
mangrove nursery areas), behaviorally-limited adult mobility (known to exhibit site fidelity), and 
limited early life stage dispersal (propagules known to travel up to 100 Km; Lara et al. 2009). 
The species enjoys a temperate through tropical distribution, however, and increasing 
temperatures could be conducive to a range expansion. 

Directional Effect in the Southeast U.S. Shelf: The directional effect of climate change on 
Goliath Grouper on the Southeast U.S. Shelf is estimated to be neutral (with scorers diVided 
equally between the three categories). While Goliath Grouper has tropical to temperate thermal 
preferences, they do rely on mangrove habitats which are increasingly affected by 
anthropogenic degradation. Goliath Grouper consume a large quantity of crustaceans and are 
lil<ely to be affected by Ocean Acidification. 

Data aualjty: 92% of the data quality scores were 2 or greater. Early Life History Survival and 
Settlement Requirements were identified by scorers as a data Qap, followed by Stock 
Size/Status (likely because of an inability to conduct life history studies due to protected status). 

Climate Effects on Abundance and Distribution: As stated above, increasing temperatures could 
positively affect distribution, although Goliath Grouper have specific habitat preferences 
(seagrass, mangroves) and range expansion of the fish would lil<ely have to occur concurrently 
with expansion of the habitat. Increasing ocean acidification could affect Goliath Grouper 
because of their preference for crustaceans in their diet. 

Life History Synopsis: Goliath Grouper is a large reef-associated grouper species found in 
nearshore and estuarine waters of the tropical western Atlantic Oceai from northeastern 
Florida, south along the U.S., throughOut the Gulf of Mexico and Caribbean Sea, and along 
South America to Santa Catarina, Brazil (Hostim-Silva et al. 2005). Juvenile Goliath Grouper are 
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found primarily in inshore mangrove habitat (Koeing et al. 2007), but also inhabit seagrass beds, 
tidepools, shallow rocky areas, jellies and areas around docks (Bullock et al. 1992; Sadovy and 
Eklund 1999). These inshore areas could be subject to anthropocentric disturbances such as 
pollution and habitat alteration/degradation. While adults can be found in inshore areas as well, 
they generally move offshore to high-relief habitats such as coral reefs, wrecks, artificial reefs, 
or rocky ledges as they get older (Brusher and Schull 2009, Koenig et al. 2007. Koenig and 
Coleman 2009, Collins and Barbieri 2010, Collins 2014). Juvenile Goliath Grouper are known to 
feed primarily on callinectid crabs (Frietas et al 2015), while adults feed primarily on decapod 
crustaceans (especIa11y spmy Iooster, out aIso otner craos) ana nsnes (Saaovy ana Eklund 
1999, Koenig and Coleman 2016). Adults are capable of mobility but tagging studies show high 
site fidelity, with most tagged indiViduals moVing less than 1 km from their tagging site, but some 
individuals have been found to travel >300km from residence reefs to spawning sites (Ellis et al. 
2014 ). Goliath Grouper spawning aggregations range from few to 150 individuals. Many 
historical aggregations had ceased to aggregate by 1999 (Sadovy and Eklund 1999), possibly 
due to severe overfishing. Spawning occurs offshOre from July to October (Koenig and Coleman 
2009), and eggs and larvae are pelagic (Richards 2005), drifting with currents to suitable 
mangrove/inshore habitat. Settlement generally occurs at 40-60 days after spawning (range 
30-80 days). The distance traveled by larvae could be 100+ km. (Lara et al. 2009). While 
Goliath Grouper were not initially thought to be protogynous (Bullock et al. 1992), later wort< by 
Koeing and Coleman (2016) has shown that the species may exhibit diandric protogyny, in 
which some males are born male and other females transition to male based on some 
behaVioral or socially mediated cue. Functional hermaphroditism has not been confirmed, 
however. Goliath Grouper enjoy a subtropical-tropical temperature range, found in waters from 
22-28°C (mean 26°C (Fishbase). Cold temperature events in Florida nursery areas have been 
linked to mortality events in juveniles (Hallac et al. 2010). Goliath Grouper are likely to be 
affected by ocean acidification. as a large part of juvenile diet is comprised of Cal/inectes sp. 
crabs, while adults feed primarily on another crustacean, spiny lobster. Goliath Grouper have a 
slow population growth rate, as evidenced by their maximum age (>37 years, Bullock et al. 
1992), low growth coefficient (i<=0.126, Bullock et al. 1992). late age at maturity (6 or 7 years, 
Sadovy and Eklund 1999, Bullock et al. 1992), very large maximum body size, and moderately 
low natural mortality rate (M=0.18, SEDAR 2016). These characteristics indicate Goliath 
Grouper could be slow to recover from a population disturbance. Goliath Grouper populations 
were severely overfished historically (1950s-1980s) and no-harvest regulations were imposed in 
1990. The species appears to have recovered since then. A recent stock assessment (SEDAR 
2016) found that Goliath Grouper were not overfished (Ba,/BMSST = 1.48) and that overfishing 
was not occurring in most recent years (F a,/FMFMT = 0.22). Little genetic differentiation was 
found between Goliath Grouper from the eastern Gulf of Mexico, Florida Keys and southeast 
Florida, althOugh eVidence from an analysis of kinship study shows specimens from southeast 
Florida and the Florida Keys are more closely related to each other than to specimens from the 
Gulf of Mexico (M.Tringali, S. Seyoum, and A. B. Collins, FWC, St. Petersburg, FL. personal 
communication). Other potential stressors for Goliath Grouper likely ilclude possible water 
temperature decreases or increases, red tide events, coral bleaching, temperate reef 
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degradation, and lionfish predation. Another important stressor on Goliath Grouper populations 
could be excessive fishing pressure, should regulations be relaxed. 
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Gray Snapper - Lutjanus griseus 
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Gray Snapper (Lutjanus griseus) 

Overall Climate Vulnerability Rank: High. (99% bootstrap results in High) . 

Climate Exposure: Very Hi!1J. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (3.9). Gray Snapper are exposed to all 
three factors throughOut their life stages. Gray Snapper uses coastal and nearshore habitats as 
nursery areas and reside further offshore on hardbottom habital/reefs once mature. 

Biological Sensitivity: Moderate. Three sensitivity attributes scored al>ove 2.5: Complexity in 
Reproductive Strategy (2.6), Stock Size/Status (2. 7) and Other Stressors (3.0). Gray Snapper 
are most common in the southern part of the range and are highly valued by anglers. During 
juvenile residency in mangroves, seagrass and other estuarine areas they are subject to 
anthropogenic disruptions. 

rnstrjbutjonal YYloerabjljty Rank: High. Two attributes indicated high potential for distribution 
shift: adult mobility and dispersal of early life stages. Additionally, a tendency for Gray Snapper 
to be habitat generalists (occupying habitats including mangroves, seagrass beds, hardbottom 
habitats and coral reefs) contribute to this potential. 

rnrectjonal Effect io the southeast u s Shelf: The directional effect of climate change on Gray 
Snapper on the Southeast U.S. Shelf is estimated to be positive. Increased wanning is expected 
to lead to a northward shift in distribution of Gray Snapper to at least New Jersey (Hare et al. 
2012). Moderate effects of ocean acidification are expected due a substantial inclusion of 
crustaceans in lheir diet. 

Data Quality: 83% of the data quality scores were 2 or greater. 

Climate Effects on Abundance and Distribution: This study found lhat potential for changes in 
species distribution was high for Gray Snapper, however, as the species is highly mobile, has 
potentially widely dispersing larvae and is tolerant of moderate temperature fluctuations. 
Potential effects of a changing climate on Gray Snapper include changes to oceanic circulation 
affecting larval transport to estuarine nursery areas, increasing ocean acidification affecting 
some invertebrates lhat are preferred diet items and thus affecting frtness/survival, degradation 
of coral reef habitat preferred by adults due to ocean acidification, and effects of sea level rise 
on preferred nursery areas (mangroves/seagrass beds). 

Ljfe Hjstory synopsjs: Gray Snapper is an estuarine and marine species found in the western 
Atlantic Ocean from North Carolina to Brazil, induding Ille Caribbean, Gulf of Mexico, and 
Bermuda (Starck and Schroeder, 1971; Rulherford et al., 1989; Andrade and Santos 2019). 
Juvenile Gray Snapper inhabitat complex habitats in coastal and estuarine areas such as 
seagrass beds, mangroves, oyster reefs, and backreef areas (Flaherty et al. , 2014 ), while adults 
are generally found around nearshOre or offshore artificial reefs or natural hardbottom or coral 
reef habitats (Luo et al., 2009; Bacheler et al., 2016). Juvenile and adult Gray Snapper are 
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mainly nocturnal predators and nave a large breadth of diet, eating and variety of invertebrate 
and vertebrate prey items including shrimp, crabs, gastropods, cephalopods, and fish (Yeager et 
al., 2014). Adults are highly mobile and typically school with conspecifics. In some parts of 
their range, Gray Snapper appear to aggregate to spawn at night during summer months on a 
full moon (Claro and Lindeman, 2003), but in most areas of tne southeast United States, large 
spawning aggregations of Gray Snapper have not been observed (Bacheler et al. 2020), 
suggesting some plasticity in reproductive strategy. Gray Snapper are gonochoristic and 
spawning season occurs from June through August in Florida, with individuals lil<ely spawning 
repeateaty aunng me season (Starc1< ana snroeaer, 197"1; Eroman, 1976). Gray snapper eggs 
are pelagic and hatch after approximately 20 hours at 27° C (Allen, 1985). Along the southeast 
United States Atlantic coast, eggs and larvae are transported by Gulf Stream currents to 
complex habitats in estuarine nurseries areas between Florida and North Carolina (Sumner et 
al., 1911 ; Flaherty et al., 2014). Gray Snapper occur over a large area of the western Atlantic 
Ocean in water temperatures ranging from 18 to 27° C, and may be moderately or highly 
sensitive to increased ocean acidification because they prey upon some invertebrate species 
(i.e., crabs, shrimp) that may themselves be sensitive to ocean acidification (Yeager et al., 
2014). The overall population growth rate of Gray Snapper was judged to be moderate, but 
scorers noted that some biological traits of Gray Snapper suggested slow population growth 
rates (e.g., maximum age= 24; growth rate [I<) = 0.10 - 0.17), while others (e.g., age at maturity 
= 2) suggested higher popuation growth rate (Manoocn and Matheson, 1981; Burton, 2001). 
Gray Snapper nave been considered overfished in the Florida Keys (Ault et al. 2005) and in the 
Gulf of Mexico (SEDAR 2018), but their stocl< status along the southeast US Atlantic coast is 
unl<nown. Given their moderate population growth rate and the fact they are heavily targeted by 
fishermen, Gray Snapper stocl< status was thought to be near or below Bmsy by the expert 
scorers. Expert scorers also determined that Gray Snapper may be highly sensitivity to other 
potential stressors including habitat degradation in estuaries that may influence 
estuarine-dependent juveniles, myxozoan parasites (Holzer et al., 2013), coral bleaching that 
may influence reef-dependent adults, and possible lionfish predation. 
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Gray Triggerfish - Batistes capriscus 
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Gray Ttiggerfish (Ba/istes capriscus) 

Overall Climate Vulnerability Rank: Moderate. (82% bootstrap results in Moderate, 18% 
bootstrap results in High). 

Climate Exposure: Very High. Three exposure factors contributed to this score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (3.9). Adult Gray Triggerfish live in 
coastal marine habitats and juveniles are known to occur in associatbn with pelagic seagrass 
beds, thus exposure to all three factors occur during all life stages. 

Biological Sensitivity: Low. Only one sensitivity attribute scored above 2.5: Habitat Specificity 
(2.6; once settled, gray triggerfish tend to exhibit high site fidelity). Gray Triggerfish are a widely 
distributed, relatiVely long-li•,ed fish with a moderately high population growth rate and recent 
assessments indicate they are neither overfished nor undergoing overfishing. They are diet 
generalists, and have a fairly robust reproductive output. 

Distributional Vulnerability Rank: High. Two attributes indicated high potential for distribution 
shift: adult mobility and widespread early life stage dispersal. Additionally, a wide geographic 
distribution indicates Gray Triggerfish do not exhibit narrow thermal tolerances that would limit 
distributional shift. 

Directional Effect on the Southeast U.S. Shelf: The directional effect of climate change on Gray 
Triggerfish on the Southeast U.S. Shelf is estimated to be neutral. Increased warming has 
resulted in an increasing occurrence of Gray Triggerfish in the northeastern U. S., while 
moderate effects of ocean acidification are anticipated because Gray Triggerfish diets include 
bivalves, barnacles and a variety of crustaceans. 

pata Quality: 92% of the data quality scores were > 2. 

Climate Effects on Abundance and Distribution: overall climate effects on Gray Triggerfish 
appear to be minimal. The species may be moderately affected by increasing ocean 
acidification because of their dietary preferences for a variety of invertebrates, as well as their 
preference for structurally complex reef habitats, which could be affected by increasing 
acidification. The species has a wide thermal tolerance and likely won't be highly affected by 
increasing ocean temperatures. 

Life History Synopsis: 

Gray Triggerfish is a marine fish species that is found throughout the tropical and temperate 
Atlantic Ocean (Liu et al. 2019). Juvenile Gray Triggerfish drift long distances at the surface 
amongst Sargassum sp. for up to 7 months (Bertone et al. 1977; Wells and Rooker 2004), and 
eventually settle into benthic reef habitats in water between 5 and 110 m deep (Kurz 1995; 
Simmons and Szedlmayer 2011 ). Adults can be highly mobile, but often display relatively high 
site fidelity to particular reef habitats (Bacheler et al. 2019). During their benthic stage as late 
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juveniles and adults, Gray Triggerfish prefer to inhabit specific areas with complex structure 
such hard bottom reefs, ledges. and artificial reef structures (Bacheler et al. 2016). Juvenile 
and adult Gray Triggerfish typically prey on a wide variety of invertebrates such as barnacles, 
bivalVes, polychaetes. crustaceans, echinoderms, and isopods (Vose and Nelson 1994). Gray 
Triggerfish are gonochOristic, but exhibit substantial reproductive complexity by forming 
reproductive harems, building demersal nests, and providing parental care of eggs (Simmons 
and Szedlmayer 2012). They are also batch spawners, with individuals spawning multiple times 
within a spawning season that can last from May to September (Moore, 2001 ). Their large 
geograpnIc aistnoutIon nIgn11gnts tneIr 1nsensmvIty to water temperature. wnn a oroao prererreo 
range of 9 to 26°C. Gray Triggerfish may be moderately to highly affected by ocean acidification 
given their reliance upon invertebrate prey with calcium carbonate snells (Goldman et al. 2016). 
Most life history traits of gray triggerfish suggest high population growth rate potential (e.g., r,.,., 
K, age-at-maturity), but maximum age and natural mortality rates indicate a somewhat lower 
population growth rate potential (i.e., higher sensitivity to climate change; Burton et al. 2015; Liu 
et al., 2015). A recent population model in the region indicated that stock status of Gray 
Triggerfish was not overfished and not undergoing overfishing (SEDAR 2016), but high discard 
mortality from fishing may be a concern (Runde et al. 2019). There does not appear to be any 
genetic heterogeneity within the region or among regions (Sallient and Antoni 2014 ). Other 
potential stressors for Gray Triggerfish appear minimal but may include coral or temperate reef 
degradation and lionfish predation. 
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Greater Amberjack - Serio/a dumerili 
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Greater Amberjack (Serio/a dumerili) 

Overall Climate Vulnerability Rank: Moderate. (100% bootstrap results in Moderate). 

Climate Exposure: Very Hi!1J. Four exposure factors contributed to tllis score: Ocean Surface 
Temperature (4.0), Salinity (4.0), Ocean Acidification (4.0) and Currents (3.6). Exposure to all 
three factors occurs during the life stages. Greater Ambeqack are pelagic oceanic dwellers 
often found in association with structure (e.g., reefs, rocky outcrops, 'Nrecks). 

Biological Sensitivity: Low. No sensitivity attributes scored ;:: 2.5. 

Distributional Vulnerability Rank: High. Greater Amberjack are habit<i generalists with high adult 
mobility and widely dispersing early life stages. 

Directional Effect on the Southeast U.S. Shelf: The directional effect of climate change on 
Greater Amberjack on the Southeast U.S. Shelf is estimated to be positive. Higher seawater 
temperatures have been shown to lead to faster growth rates in aquaculture experiments 
(Fernandez et al. 2018). Ocean acidification is expected to have minimal effects on Greater 
Amberjack. 

Data aua11ty: ·100% or tne aata quality scores were 2 or greater. Attnoutes Identmed as 
marginally data-deficient include Dispersal of Early Life Stages and Early Life History Survival 
and Settlement Requirements. 

Climate Effects on Abundance and pjstnbu)jon Greater Ambeqack are widely distributed along 
the eastern U. S. seaboard, encountering a wide thermal distribution, and are likely to expand 
northward with warming temperatures. The species relies on oceanic currents for larval 
transport to points northward along the Atlantic coast (Lee and Williams 1999) and changes to 
oceanic circulation could affect recruitment success. Ocean acidification Will likely not have a 
major effect on Greater Aml>eqack; despite inclusion of invertebrates in their diet. they are not 
solely dependent on these taxa and are capable of sWitching to other more available prey. 

Lire History synopsis: Greater Amoer1ac1< enJoys a circumgIooaI dIstnoutIon. In tne western 
Atlantic Ocean it ranges from Nova Scotia, Canada south along the U.S .. Bermuda, the 
Bahamas, throughout the Gulf of Mexico and Caribbean Sea, and along South America to 
southern Brazil. Juveniles may be solitary or form small schools; often associated with 
Sargassum and other floating objects (Richards 2005) in oceanic and offshOre neritic waters 
(Bertone et al. 1977). Adults are found over reefs or at deep offshOre holes or drop-offs, usually 
in small or moderate-sized schOols, but may be solitary (Smith-Vaniz 2002). It is also found over 
rocky outcrops and wrecks (Harris et al. 2007). Larger fish usually occur between 18-72 m and 
have been taken as deep as 360 m. Greater Amberjack are known to be voracious opportunistic 
predators. Adult prey items include crabs, squid, round herring, round scad, filefish, little tunny 
and assorted other fishes (Richards 2005). Juveniles have a similar diet. Adults are highly 
mobile and not constrained either behaViorally or physically in their movements. Pair courtship 
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has been observed in Belize in schools numbering - 120 individuals, primarily following during 
the full moon and waning moon periods between February and October (Graham and 
Castellanos 2005). Sexual dimorphism is evident, with females being larger than males. Peak 
spawning occurred primarily off Florida and the Florida Keys during April and May. This timing 
coincided with a predominantly eastward current flow, providing larval transport to points north 
along the Atlantic coast (Lee and Williams 1999). Spawning frequency was estimated as 
approximately every five days over a spawning season of -60 days (12 March through 1 O May) 
(Harris et al. 2007). Greater Ambe~ack are highly fecund, with an average female producing 
oetween 18-59 m1111on eggs In a single spawning year (Harns et al. 2007). Eggs hatcn at 35-37 
hrs after spawning in temperatures between 23.1-24.6"C; eggs & larvae are pelagic, with eggs 
containing a single oil globule (Richards 2005). Greater Ambe~ack occurs across a fairly wide 
range of temperatures given their circumglobal distribution, found in waters from approximately 
16 to 29°C, but averaging 21°c (Fishbase ). Even thOugh Greater Amberjack diets do contain 
some invertebrate species, they are likely opportunistic carnivores that can switeh diet items 
when necessary, thus it is not thOught that ocean acidification will be a major problem for them. 
Greater Amberjack have a moderate population growth rate, based on a high growth coefficient 
and an early age at full maturity, a medium longevity, and a moderate natural mortality rate and 
large maximum size. Greater ambe~ack are not overfished, With SSB21l17/MSST = 2.80 (SEDAR 
2020). There appears to be some genetic differentiation between Gu~ of Mexico and Atlantic 
populations of Greater Ambe~ack, but the evidence is weak and further investigation is needed 
(Gold and Richardson 1998). Other potential stressors for Greater Ambe~ack include excessive 
fishing harvest. The species is highly mobile and pelagic and thus soould be able to avoid 
harmful algal blooms and hypoxic events. The species does not rely on estuarine habitats Whieh 
could be subject to anthropocentric degradation. 
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Hogfish - Lachnolaimus maximus 

Overall Vulnerability Rank = Very High ■ 

Biological Sensitivity = High 0 
Climate Exposure = Very High ■ 

Data Quality = 100% of scores~ 2 
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Hogfish (Lachnotaimus maximus) 

Overall Climate Vulnerability Rank: Very High. (26% bootstrap results in High, 7 4% bootstrap 
results in Very High). 

Climate Exposure: Very Higi. Three exposure factors contributed to this score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (4.0). Hogfish are found in coastal 
oceanic waters, on reefs and rock hardbottom. 

Biological Sensitivity: High. Two sensitivity attributes scored ~ 3.0: Complexity in Reproductive 
Strategy (3.0) and Stock Size/Status (3.5). Hogfish are a popular target of spearfishers and 
have been identified as likely to be overfished. The species is a protogynous haremic spawner, 
and a study from the Florida Keys reef tract found populations of Hogfish in fished areas 
exhibited virtually no reproductive activity compared to populations within a nearby marine 
protected area, highlighting the breakdown of normal social structure and processes due to 
fishing activity (Munoz et al. 2010). 

Distributional Vulnerability Rank: Moderate. Two attributes indicated moderate potential for 
distribution shift: high adult mobility, and widely dispersive early life stages (broadcast spawning 
in thP. 11ppP.r w;itP.r r:ol11mn) 

Directional Effect in the Southeast U.S. Shelf: The directional effect of climate change on 
Hogfish on the Southeast U.S. Shelf is projected to be neutral. There is little information 
available on directional effects of climate change on Hogfish, althOugh there may be some effect 
of Ocean Acidification given the reliance on molluscs and crustaceans in their diet. 

Data Quality: 100% of the data quality scores were 2 or greater. 

Climate Effects on Abundance and Distribution: Hogfish diet consists primarily of molluscs and 
crustaceans (Randall and Wanmke 1967) and are likely to be affected by increasing ocean 
acidification. which could also negatively impact the coral reef habita: they utilize (Andrews et al. 
2004 ). They enjoy a temperate to tropical distribution and could conceivably expand their 
distribution north of North carolina if sea surface temperatures wanm. but it is not clear if they 
would find preferable habitat. 

Life History Synopsis: Hogfish is a large reef-associated species of wrasse (family Labridae) 
found in inshore waters from North Carolina through the Caribbean, ilcluding Bermuda, to 
northern Brazil and throughout the Gulf of Mexico. Juvenile Hogfish are most commonly found 
in shallow seagrass beds or inshOre reef habitat (Richards 2005). Adults are found on coral or 
temperate rocky reefs at depths of 3-40 m, especially the sandy outer reef slopes, preferring 
reef edges and hard sand and rock bottoms near patch reefs (Richards 2005). Juvenile Hogfish 
feed primarily on molluscs, crustaceans and echinodenms. Adults feed on sand-dwelling 
mollusks (pelecypods, gastropods, scaphopods; Randall and Wanmke 1967) as well as 
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crustaceans (hermit crabs and amphipods), and echinoderms (sea urchins) , and small fishes. 
White adults are highly mobile, mate Hogfish exhibit site fidelity to fairty restricted home ranges 
during spawning season (Colin 1982, Munoz et al 2010) and possibly outside of spawning 
season as well (Lindholm et at. 2006). Hogfish are monandric protogynous hermaphrodites 
(McBride and Johnson 2007), With a very stow rate of sex change (several months) which 
occurs after one or more spawning seasons as a female. Spawning season in the southeastern 
U. S. is from December to May, and spawning occurs When a male approaches a female from 
his harem and initiates a spawning rush, involving an upward swim and release of gametes into 
tne water column. wnne narem1c maung systems are common, ootn pair ano group spawning 
occurs throughout the year. usually in tale afternoon (Thresher 1984, Warner & Robertson 
1978). Males patrol their territories and chase away intruder males (Burton, personal 
observation). Pelagic eggs hatch approximately 24 hours after fertilization (Colin 1982, Farm 
1993, Hott and Riley 2001 , Jones 1993). The pelagic larval stage Iasis several weeks (mean 
PLO in the Atlantic ranges from 21 - 104 days (Jones 1993, Schultz & Cowen 1994, 
Sponaugle & Cowen 1997. Victor 1986), until they grow into juveniles and settle out of the water 
column, usually in inshore seagrass beds. Larvae are likely transported by currents to suitable 
inshore nursery areas (e.g., Florida Bay). Hogfish enjoy a subtropical-tropical distribution, 
preferring temperatures from 23-28°C (Fishbase) although their presence on offshOre rocky 
ledge reefs off North Carolina indicate they can survive in temperate waters as well. Hogfish are 
likely to be affected by increased ocean acidification as their diet is composed primarily of 
crustaceans and mollusks. Hogfish have a moderately stow population growth rate, as 
evidenced by a tow von Bertatanffy growth coefficient, relatively delayed ages at maturity and 
transition, a large maximum body size, a maximum age of 13 years, and a moderate value for 
natural mortality rate (0.4; McBride and Richardson 2007). Hogfish in Florida were determined 
to be overfished and undergoing overfishing by a 2003 stock assessment (Ault et al. 2003), in 
which a 60 % decline in numbers of Hogfish harvested from 1987-2001 was reported. The bulk 
of fishing pressure comes from the recreational sector. A study of Hogfish populations in Florida 
Keys protected areas versus unprotected areas found virtually no reproduction in the fished 
areas compared to populations in the marine protected areas (Munoz et al. 2010). A 
microsatellite study of Hogfish found that there was distinct genetic structure in populations from 
west Florida, Florida Keys-east Florida, and Georgia-North Carolina populations (Seyoum et al. 
2014 ). Other potential stressors for l logfish include possible anthropocentric pollution and 
alteration of seagrass bed nursery habitat, coral bleaching, temperate reef degradation, and 
lionfish predation. 
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Horseshoe Crab - Limu/us po/yphemus 
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Climate Exposure = Very High ■ 

Data Quality = 100% of scores~ 2 
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Atlantic Horseshoe Crab (Limu/us po/yphemus) 

Overall Climate Vulnerability Rank: Very High. (1 % bootstrap results in High, 99% bootstrap 
results in Very High. 

Climate Exposure: Very High. Four exposure factors contributed to lllis score: Air Temperature 
(4.0), Ocean Acidification (4.0) , Salinity (4.0) and Sea Level Rise (3.6). Adult Horseshoe Crab 
migrate annually from the ocean or deep bay waters to spawn on estuarine beaches (Baptist et 
al. 1957, Botton and Loveland 2003). Evidence from Delaware Bay and New England waters 
suggest some adults overwinter in local embayments (Bolton et al. 1992). 

Biological Sensitivity: High. Three sensitivity attributes scored above 3.0: Population Growth 
Rate (3.3), Early Life History Survival and Settlement Requirements (3.0), and Dispersal of 
Early Life Stages (3.6). Horseshoe Crab are a long-lived, late-maturing species (ASMFC 201 OJ 
and dispersal of larval stages is limited, with larvae settling close to spawning beaches (Botton 
and Loveland 2003). 

Distributional Vulnerability Rank: Low. Three attributes indicated limited potential for distribution 
shift: limited adult mobility, l'mited early life stage dispersal, and sensitivity to temperature. 

rnrectjonal Effect io the southeast u s Shelf: The effect of climate change on Horseshoe crab 
is likely to be negative. Sea level rise may reduce available spawning habitat. Increasing Sea 
Surface Temperature will negatively impact egg and larval surviVal and reduce productivity. 
Increasing Ocean Acidification will have an effect on primary prey items of Horseshoe Crab 
(ASMFC 2010), thereby reducing productivity, and lllere is some evidence from the literature 
that the quality of their chitin shell may be negatively impacted by an increasingly acidic ocean 
(Mustafa et al. 2015). 

Data Quality: 100% of the data quality scores were 2 or greater. 

Climate Effects on Abundance and Distribution: Horseshoe Crab are already widely distributed 
along the east coast. The species is capable of surviving extreme environmental regimes but 
development is slowed at temperatures below 20°c. They may be affected by increasing ocean 
acidification by virtue of their reliance on shellfish that form calcium carbonate shells (ASMFC 
2010). Increases in water temperature could speed up onset of spawning season (Shuster 
1982). While most Horseshoe Crab spawn in close proximity to beaches, those that do not 
would rely on tidal stream transport for larvae to reach suitable nursery habitat. 

Life History Synopsis: Horseshoe Crab are distributed geographically along the east coast of 
North America from Maine through south Florida and the Gulf of Mexico, including the Florida 
Keys and Marquesas (but not the Dry Tortugas) to the Yucatan peninsula, with peak abundance 
in Delaware Bay (Botton and Ropes 1987). Juvenile Horseshoe Crab are habitat specialists in 
that they utilize intertidal flats, usually near breeding beaches (Smith et al. 2016). These 
habitats are flat. open, sandy, low enerQy beaches alonQ bays and estuaries. ThouQh not rare 
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per se, these habitats are not abundant along portions of the Atlantic coast. Older individuals 
move out of these intertidal areas to deeper waters (Botton and Ropes 1987), migrating 
annually from ocean or deep bay waters to spawn on estuarine beaches (Baptist et al. 1957; 
Botton and Ropes 1987; Botton and Loveland 2003; Shuster 1979; Shuster and Botton 1985; 
Smith et al. 2009a). Evidence from Delaware Bay and New England waters suggest some 
adults overwinter in local embayments. This offshore/shelf/coastal habitat appears general and 
is likely abundant. Horseshoe Crab are restricted to salinities that exceed 7 parts per thOusand. 
Limutus has been described as an ecological generalist (Shuster and Sekiguchi 2009) able to 
tolerate a w1ae range or environmental parameters tnrougnout ns a1smou11on. Horsesnoe craos 
are capable of surviving physical extremes in temperature, salinity, pH, dissolved oxygen, and 
anoxic sediments (Shuster 1982). However, extremes in temperature or salinity may slow or 
stop development down unfil environmental conditions improve. Juvenile Horseshoe Crab diet is 
varied and includes particulate organic matter (POM) from algal and animal sources 
(Carmichael et al. 2009). Young crabs are supported by high quantities of benthic and 
suspended POM, shifting between marine and salt marsh based food webs. These food types 
are common. The diet composition of mature crabs shifts to larger prey, primarily bivalves 
(Botton 2009). Primary prey for adult Horsesnoe Crab are blue mussels (My/Hus edutis) and surf 
clams (Spisuta so/idissima) (Botton and Haskin 1984; Botton and Ropes 1989). There is 
speculation that declines in surf clams in the mid-Atlantic are attributable to climate-change 
induced increases in water temperature. Adults are mobile but not highly mobile; they are 
mobility-limited in that they are slow crawlers/swimmers. Horseshoe Crab spawning season 
varies latitudinally, with peak spawning occurring on east Florida beaches in April, May, and 
August (Entinger and Tankersly 2007), while in South Carolina spawning occurs from 
Maren-July, with a peak in May (Thompson 1998). HorseshOe Crab form large spawning 
aggregations on sandy beaches, with timing of aggregation formation cued by rising seawater 
temperatures and increasing daylight hours (Shuster 1982). Moon phase (new and full moons) 
and tides are stimuli as well (Wenner and Thompson 2000). Males attach themselves to a 
female's posterior spines via their own daw-like pedipalps. Females will dig a pit 5-20 cm deep 
on the sandy beach and deposit her eggs, while the male externally fertilizes the eggs as they 
are deposited (Leschen et al. 2006; Rudloe 1979). Eggs incubate for 2-4 weeks after fertilization 
(Botton 1995) and upon hatching, the larvae swim for approximately six days (lime to consume 
yolk sac) before settling in the estuary (Shuster 1902). Larvae are not strong swimmers and any 
that hatch outside the nursery area would be dependent upon tidal stream transport to get back 
to the estuary. Adults are usually benthic, and thus do not utilize much of the water column. 
While horseshoe crabs nave a chitinous shell and are not directly affected by ocean 
acidification. they do include a number of bivalves as primary prey items and could be impacted 
by the effects of ocean acidification on their prey (ASMFC 2010). Horseshoe Crab likely nave a 
slow population growth rate, as indicated by a very high age at maturity (10 years), a 
moderately high maximum age (20 years). moderate maximum size (60 cm) and a natural 
mortality rate M=0.15 (ASMFC 2010). These life history characteristics indicate that the 
population would be slow to respond to disturbances or population depletions. An assessment 
of population trends indicated population growth in the Southeast region, but assessment of 
trends in the Florida Atlantic region was highly uncertain with a decreasing population index in 
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the Jacksonville area being somewhat offset by an increasing population index in the Indian 
River area (ASMFC 2010). This assessment estimated that B-current/B-MSY for sexes 
combined was 1.44, indicating the stock was not overfished.While the entire Atlantic is 
considered a single stock of Horseshoe Crab for management purposes, genetic analysis points 
to the possibility of four regional stocks within the United States: Nor1heast (Gulf of Maine), 
mid-Atlantic, Florida-Atlantic, and Florida-Gulf (ASMFC 2010). Numerous studies suggest that 
populations are localized, pJpulation decreases in small areas may not be capable of swift 
recovery. Literature does not note variations in reproductive success or local extinctions. Other 
potentIaI stressors ror Horsesnoe crao In tne southeast 1ncIuae general coastal aeveIopment 
leading to degraded habitat (e.g., dredging, shoreline armoring), as well as storm increases ana 
intensity, hypoxia, and harmful algal blooms due to excessive nutrient inputs. 
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King Mackerel - Scomberomorus cavalla 
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King Mackerel (Scomberomorus caval/a) 

Overall Climate Vulnerability Rank: Moderate. (99% bootstrap results in Moderate, 1 % bootstrap 
results in High). 

Climate Exposure: Very Higi. Four exposure factors contributed to tllis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0), Salinity (4.0) and Currents (3.5). King Mackerel is 
an oceanadromous species and exposure to all factors occur during all life stages. 

Biological Sensitivity: Low. No sensitivity attributes scored ;:: 2.5: 

Distributional Vulnerability Rank: High. King Mackerel are highly mobile habitat generalists with 
highly dispersive early life stages. 

Directional Effect in the Southeast U.S. Shelf: The effect of climate change on King Mackerel is 
estimated to be neutral. King Mackerel larvae require temperatures between 22°C-28°C for 
optimum growth and survival. Abundance should remain stable on the southeast U. S. shelf but 
projected warming of northern waters could lead to a northward distribution shift. Tile effect of 
ocean acidification is likely to be negligible as King Mackerel are primarily piscivores. 

Data a ua11ty: ·1 ooo/o or tne aata quality scores were 2 or greater. Eany ure History survtval ana 
Settlement Requirements llad the lowest data quality score, 2.0, likely because of tile 
uncertainty surrounding Ille development of larval and juvenile King Mackerel (ii is thougllt lllat 
larval King Mackerel do not settle out, but instead complete development in tile water column). 

Climate Effects on Abundance and Distribution: King Mackerel preferred temperature and 
salinity ranges of 23-29.8°C and 29.6-37.4 ppt (McEachran et al. 1980) indicate the species may 
respond favorably to a changing climate regime. While they currently inhabit the northern 
extreme of their range (Gulf of Maine) only during the summer months (Collette and Nauen 
1983), warming sea surface temperatures could allow King Mackerel to utilize that area during a 
wider temporal window. The species feeds predominantly on fishes and should be minimally 
affected by ocean acidification. 

Life History Synopsis: King Mackerel is a large reef-associated fish species found in coastal 
waters from the Gulf of Maine south to Brazil, including Ille Gulf of Mexico and tile Caribbean 
(Briggs 1958; Godcharles and Murphy 1986). However, tile coastal area between Maine and 
northern Florida is utilized only during the warmest summer months (Collette and Nauen 1983). 
Large groups of King Mackerel aggregate along the coast of North and South Carolina 
throughout the spring, summer, and fall of the year (Godchartes and Murphy 1986). Larvae 
remain in high salinity waters throughout development. Larvae may be present across tile 
continental shelf, but are often most abundant in middle to outer she~ waters. McEachran et al. 
(1980) found larvae over a temperature range of 19.6-29.8°C (preferred range 23-29.8°C) and 
salinity range of 27.3-37.4 ppt (preferred range 29.6-37.4 ppt). Adults are found in open coastal 
waters of tile continental shelf, often near outer reefs, and are also sometimes found near inlets. 
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Diet of larval King Mackerel consists exclusively of fishes, while juveniles prey on herring, 
anchovies, jacks, and menhaden, as well as lesser amounts of squid and shrimp. Adults prey 
primarily on fishes, including herrings, jacks, menhaden. anchovies, and lesser quantities of 
penaeid shrimp and squid. King Mackerel are highly mobile: large schools have been found to 
migrate over considerable distances along the U.S. Atlantic coast, water temperature permitting. 
Both Atlantic and Gulf of Mexico stocks undertake migrations to a south Florida mixing zone. 
King Mackerel are gonocnoristic, spawning in the open ocean. King Mackerel occur in small 
schools normally, confounding the ability to call a group of fish a 'spawning aggregation'. They 
HKely occur In smau aggregations to spawn ana spawning conamon nsn are exp1011ea oy tne 
fishery and caught in large numbers (Burton personal observation). Temperature is likely a 
trigger for spawning. There is no information in the literature on planktonic larval duration. Off 
the SEUS coast. large concentrations of larvae were found to occur in the vicinity of the 
Charleston Bump, a deflection in the Gulf Stream off South Carolina. This suggests that the 
area of upwelling associated with the Charleston Bump is an importait spawning/nursery area. 
While there is no information in literature on this topic, phenological changes in emergence of 
larval food (primarily fishes) could result in a prey mismatch and reduced survival of King 
Mackerel larvae. There is also no information on settlement, as the species uses the water 
column for the majority of its life cycle. Adults are found in temperatures from 19-30°C (mean 
preferred temperature 27°C). King Mackerel utilize the water column from 5-140 m. King 
mackerel should not be greatly affected by increased ocean acidification as their diet consists 
primarily of schooling fishes, and they are enough of a diet generalist to offset any effect of 
acidification on an individual prey. However, if any of those prey species are reliant upon diet 
items affected by a changing ocean chemistry, there could be some indirect or cascading 
effects. King Mackerel nave a slow population growth rate, including an extended longevity (32 
years). large maximum body size, low growth coefficient, and moderate age-at-maturity. This 
indicates the species is vulnerable to slow recovery from population disturbances. King 
Mackerel were not considered overfished based on a 2009 stock assessment (SEDAR 2009). A 
study of mtoNA variation found that King Mackerel from southeast us Atlantic waters were 
weakly genetically differentiated from King Mackerel from the Gulf of Mexico (Gold et al. 2002). 
King Mackerel are not estuarine users and are not subject to associated anthropogenic impacts 
felt by many other species. Excessive fishing pressure could impact the overall stock health if 
proper management is not employed. 
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Lane Snapper - Luljanus synagris 

Overall Vulnerability Rank = Moderate 0 

Biological Sensitivity = Low□ 
Climate Exposure = Very High ■ 

Data Quality = 83% of scores ;c: 2 
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Common Name (Species Name) • Lane Snapper• Lutjanus synagris 

Oyerau Climate vu1nerabilit( Rank: Moderate. (100% bootstrap results in Moderate). 

Climate Exposure: Very Hi!tt. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0), and Salinity (4.0). Exposure to all three factors 
occurs during the life stages. Lane Snapper are coastal offshore reef fish inhabiting coral reefs 
and rocky hard bottom areas, as well as sandy areas and seagrass beds close to shore. 

Biological Sensitivity: Low. No sensitivity attributes scored above 2.5. 

Distributional Vulnerability Rank: High. Three attributes indicated high potential for distribution 
shift: high adult mobility, widely dispersing early life stages, and moderately generalist habitat 
preferences. 

Directional Effect on the Southeast U.S. Shelf: The directional effect of climate change on Lane 
Snapper on the Southeast U.S. Shelf is estimated to be positive. Increased warming of 
mid-Atlantic waters could lead to a northward shift in distribution, as posited for the congener 
gray snapper (Hare et al. 2012). Moderate effects of ocean acidification are expected due to a 
substantial inclusion of crustaceans in their diet. Lane Snapper tolerate a fairly wide salinity 
range, and juveniles utilize estuaries and mangrove areas where there is a tidal fluctuation of 
salinity. 

uata uuauty: !l;jo/o 01 tne data quality scores were :l or greater. ::itocK sIze1:c;tatus was 1denuned 
as a data gap, likely because the species has not been assessed. Early Life History Survival 
and Settlement Requirements was also identified as data deficient. 

Climate Effects on Abundance and rnstrjbution: No studies have been conducted on climate 
effects on Lane Snapper. Currently rare north of North Carolina due to thermal tolerances, 
warming temperatures might allow for a minor range expansion northward. The species has a 
moderate reliance on crustaceans in their diets and may be affected by increasing ocean 
acidification. which might also affect coral reef habitat they use. 

Life History Synopsis: Lane Snapper is a coastal and estuarine species widely distributed from 
North Carolina to BraZil, induding Bermuda and the Bahamas, throughout the Gulf of Mexico 
and Caribbean (Lindeman et al. 2016). Juveniles are found in seagrasses and nearshore 
nardoottom nao1tats, wn11e adults are common 1n seagrass areas, ree1s. naraoottom and rubble 
areas (Lindeman and Snyder 1999). Lane Snapper have been found to depths up to 400 m 
(Anderson 2002), but are usually found in depths of 30-120 m in continental and insular shelf 
areas (Rivas 1970). Lane Snapper are commonly found in salinities ranging from 19-35 ppt 
(Springer and Woodburn 1960). The lower values in this range are due to their usage of inshore 
estuarine nursery areas. The species is common in temperatures ranging from 16-29°C (Rivas 
1970). Lane Snapper are not limited in their mobility, alttlough Bertone and Williams (1986) 
observed that adults tended to remain in an area once they reached maturity. The species is 
known to form large spawning aggregations in different locations (south Florida, Wicklund 1969; 
Jamaica, Thompson and Munro 1974; Cuba, Claro et al., 2001), although little is known ofifor 
how far they migrate to these aggregations. Timing of peak spawning off Florida occurs 
June-August (Manooch and Mason 1984; Rodriguez-Pino 1962, while Erdman (1976) found 
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peak spawning of Lane Snapper occurred in May off Puerto Rico. Eggs and pelagic and rely on 
tidal currents for transport into estuaries Where they utilize seagrass beds as nursery habitat. 
Juveniles are found in seagrass beds as well as nearshore hardbottom. Lane Snapper are a 
diet generalist, with juveniles feeding primarily on crustaceans (Reid 1964 ). Adults feed on 
benthic crustaceans (portunid crabs, penaeid and mantis shrimp), annelid worms, gastropods, 
and small fishes (Dancel and Paramo 2010). Franks and Vanderkooy (2015) found the most 
abundant diet items for adults were amphipods, decapod crustaceans, and fishes. There could 
be indirect impacts of ocean acidification on Lane Snapper due to their reliance on shell forming 
r:rustar:P.ans in thP.ir c1iP.ts ThP. spP.r:iP.s havP. a moc1P.raf P. longP.vity, attaining a maximum a□P. of 
19 years from Bermuda (Luckhurst et al. 2000) and 17 years from the Gulf of Mexico (Johnson 
et al. 1995). Studies from the southeast U.S. Atlantic coast found the maximum age to be either 
1 O years (Mason and Manooch 1984) or 12 years (Brennan 2004 ). Males and females both 
reached maturity at 2 years of age. Growth is moderately fast, as exhibited by a von Bertalanffy 
growth coefficient of 0.33 fa- north Florida fish and 0.63 for fish from south Florida/Florida Keys 
(Brennan 2004). Lane Snapper have not been assessed from the southeastern U. S. Atlantic 
coast. Attempts to perform a data-limited stock assessment on the species from the Gulf of 
Mexico were unsuccessful and stock status could not be determined (SEDAR 49, 2016). A lone 
study of genetic variation in populations of Lane Snapper found genetic heterogeneity between 
populations and the northern Gulf of Mexico and fish from the southern Gulf/south Florida/east 
coast Florida (Karlsson et al. 2009). Other stressors that could impact Lane Snapper include 
environmental alterations of their nursery habitat due to development, lionfish predation on 
juveniles and subadults on nearshore reefs, and possibly increasing temperatures. 
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South Atlantic Vulnerability Assessment - Species NaMative Template 

Lionfish (Pterois vo/itans and P. miles) 

Oyerau Climate YYloerabilit( Rank: Moderate. (100% bootstrap results in Moderate). 

Climate Exposure: Very Hi!tt. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (3.9). Exposure to all three factors 
occur during the life stages. Lionfish are a habitat generalist found in estuarine and mangrove 
areas inshore as well as on reefs and rocky hardbottom habitat offstme. 

Biological Sensitivity: Low. No sensitivity attributes scored ;:: 2.5. 

Distributional Vulnerability Rank: High. Lionfish, while tending to be site-attached, are capable of 
significant movements (Tamburello and Cote 2015). Lionfish are habitat generalists with widely 
dispersive early life stages. 

Directional Effect in the Southeast U.S. Shelf: The directional effect of climate change on 
Lionfish on the Southeast U.S. Shelf is estimated to be positive. Effects of ocean acidification 
are expected to be minimal despite substantial inclusion of crustaceans in their diet, as Lionfish 
are opportunistic carnivores able to switch to fishes. Lionfish are tropical, with an average lethal 
low temperature of 10.o•c and a low temperature at which feeding ceases of 1 s.o•c (Kimball et 
al. 2004 ). These tolerances indicate it is unlikely that Lionfish can currently overwinter norlh of 
Cape Hatteras, NC, but future warming of mid-Atlantic waters could lead to a northward shift in 
c1istrihut ion I ionfish shoulc1 thrivP. on thP. southP..!SIP.m I J S shP.lf 11nc1P.r r.urrP.nt w,irming 
scenarios. 

pata Quality: 75% of the data quality scores were 2 or greater. Attributes identified as 
data-deficient include Stock Size/Status (likely because the species is not a SEDAR-assessed 
species), Early Life History Settlement and Survival Requirements (paucity of information in 
literature on settlement stages). and Other Stressors (thought to be an area of concern for the 
species but little specific information in the literature). 

Climate Effects on Abundance and Distribution: A very successful invasive species, Lionfish will 
likely benefrt from a changing climate. There may be some minor effects of increasing Ocean 
Acidification, as Lionfish do consume crustaceans but are able to sWitch to consuming fishes; in 
an environment where teleost fishes are limited there may be some negatiVe effects of Ocean 
Ar.ic1ifir.ation WhilP. I ionfish jllVP.nilP.S (likP.ly l,irv,il P.Xports) MVP. hP.P.n founc1 in l hP. micl-Atl,intir.. 
they have a preferred temperature range which limits their distribution to North Carolina, but 
warming ocean temperatures could allow them to expand their range. 

Life History Synopsis: Native to the subtropical and tropical regions of the South Pacific, Indian 
Ocean, and the Red Sea. Red Lionfish (Pterois volitans) and Devil Firefish (P. mi/es) are now 
established throughout the warm-temperate and tropical western Atlantic, Gulf of Mexico. and 
Caribbean, and have continued to expand their range to the south-eastern coast of Brazil. 
(Fishbase; Ferreira et al. 2015, Cote & Smith 2018; Schofield et al. 2020). These two species 
are nearly morphologically identical and 93% of specimens sampled from the Atlantic as well as 
North Carolina were P. volitans (Hamner et al. 2007), so hereafter we refer to invasive 
specimens collectiVely as Lionfish or P. volitans. Lionfish are a medium-sized predatory species 
in the family Scorpaenidae. In the invaded range, specimens nave been observed from Rhode 
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South Atlantic Vulnerability Assessment - Species NaMative Template 

Island to Arraial do Cabo, Brazil, and have also been recorded in the Mediterranean Sea 
(SchOfield et al. 2020). Lionfish are habitat generalists. Juveniles and adults have been found in 
a wide variety of low relief and high relief natural and artificial habitats, including temperate hard 
bottom reefs, algal sand plains, coral reefs, mangroves. seagrass beds, and estuaries, as well 
as shipwrecks and other human-made artificial structures such as discarded fishing gear 
(Munoz et al. 2011; cote et al. 2013; cote & Smith 2018). They have been found in estuarine 
rivers up to 6.5 km from the ocean in nearly fresh water and can occupy depths from the surface 
(e.g., mangroves) to more than 300 m (Cote et al. 2013; Cote & Smith 2018). In the Bahamas, 
Anton P.t al (?014) founrt I innfish to oc.c.ur at grP.atP.r clP.osity anrt hiomas.,; at silP.s that WP.rP. 
sheltered from wave exposure. In mesophotic depths at Bermuda, higher Lionfish densities 
were observed at sites with lower seafloor temperatures, suggested by Goodbody-Gringley 
(2019) to reflect the higher densities of prey hypothesized to result from upwelling in these 
locations. In Honduras, aggregations of Lionfish were associated with high habitat complexity 
that contained larger refuge sizes. high live biotic cover. and a greater variety of growth forms 
(Hunt et al. 2019). Adult Lionfish reach a maximum length of 48.8 cm total length (TL), and a 
maximum age of 9 years, althOugh specimens have been reported to reach 30 years in captivity 
(Eddy et al. 2019; Harrell 2019; Potts et al. unpubl.). Lionfish are opportunistic generalist 
carnivores that consume atleast 167 vertebrate and invertebrate prey species (Peake et al. 
2018, and references theren). They display an ontogenetic shift from a diet dominated by 
invertebrates (mostly shrimps, along with crabs, and mollusks) to a det dominated by fish 
(Munoz et al. 2011; Peake et al. 2018). Initial studies of both juvenile and adult Lionfish in 
estuarine and hard bottom habitats revealed site fidelity to particular areas, with most individuals 
moving less than 10 or 150 m from their release locations, respectively (Jud & Layman 2012; 
Bacheler et al. 2015). However, additional studies of adults from coral and hard bottom reefs 
have revealed that extensive movements are possible, with regular movements over 200 m and 
occasional movements up to 10 km (Cote et al. 2013; Tamburello & Cote 2015; Kletou et al. 
2016). In particular, Tamburello & Cote (2015) showed that seascape structure (continuous 
versus patchy habitats, as well as distance between patches) influenced Lionfish movements, 
with Lionfish on continuous reefs moving faster and more often than these on patch reefs. 
Lionfish do not form spawning aggregations and are typically found solitary or in small groups. 
These groups can be large in the invaded range, where densities can far exceed (390 fish per 
ha) those in the native range (80 fish per ha) (Green & Cote 2009; Abins & Hixon 2013). As 
dusk approaches. gregariousness increases, while males search for females amid aggressive 
confrontations with other males. Distinct courtship behavior includes the male circling around a 
ripe female, characterized by a swollen abdomen with a distinct silvery coloration. When ready 
to spawn, a single male leads the female upward into the water column for gamete release 
(Fishelson 1975). Regarding the spawning season, at lower latitudes spawning appears to take 
place year round on a daily basis with females capable of spawning approximately every three 
days (Eddy et al. 2019; Thresher 1984), although a spawning season from June-November was 
apparent at the higher latitude of Bermuda (Eddy et al. 2019). The average planktonic larval 
duration of Lionfish was estimated at 26.2 days with a range between 20-35 days (Ahrenholz & 
Morris 2010). Early life history (larval) requirements of Lionfish are unknown. Claydon et al. 
(2012) found that Lionfish preferentially, but not exclusively, settled to shallow habitats such as 
mangrove, seagrass, and sheltered reef <5 m deep. Garcia-Rivas et al. (2018) found the 
smallest (<15 cm) lionfish in shallow mixed habitats such as mangroves, sand patches. docks, 
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South Atlantic Vulnerability Assessment - Species NaMative Template 

and lagoons With sheltered conditions. Similarly, Anton et al. (2014) found Uonfish to occur at 
greater density and biomass at sites that were sheltered from wave exposure. In the invaded 
range, Uonfish appear to be limited by winter seafloor temperatures that fall below 9.5°C (Barker 
et al. 2018), which at present day tend to be north of Cape Hatteras, North Carolina (Grieve et 
al. 2016). They occur from 22.4-29°C (preferred temperature, Kaschner et al. 2016) and in the 
invaded range can be found distributed across five zoogeographic provinces. They occupy 
habitats from mangroves located in very shallow water (1 m) to depths of greater tnan 300 m. 
As ocean temperatures wann with global climate change, their range is expected to expand, as 
for oativP. tropic.al anc1 suhtmpic.al spP.c.iP.s w ith sim ilar lhP.nmal m inima (RarkP.r P.t al ?01 R) 
Uonfish may serve as indicator species for community change from rising seafloor temperatures 
when they persist in locations poleward and inshore of their current distribution (Whitfield et al. 
2014; Grieve et al. 2016). Lionfish may be indirectly affected by ocean acidification, as juveniles 
in particular are known to consume prey (e.g., shrimps, crabs; Peake et al. 2018) that may be 
negatively affected by lower pH conditions (Kurihara et al. 2008; Bhadury 2015; Long et al. 
2015). Evidence suggests that Lionfish nave a relatively rapid population growth rate. Uonfish 
reach maturity in the first or second year, have a maximum life span in the Wild of nine years, 
reach a small-to-medium maximum length of 48 cm TL, and have a Von Bertalanffy growtll 
coefficient (K) estimated to range from 0.32-0.77 (Eddy et al. 2019; Harrell 2019; Potts et al. 
unpubl.). Although the stock has never been assessed, in the invaded range it is productive, 
abundant. and has rapidly increased, so the workshop scorers thought the population would be 
at or above B..sv. In the invaded range, lionfish have rapidly expanded their distribution across 
five zoogeographic provinces. There are no known major threats. therefore, it is classified as 
Least Concern (tUCN Red List, Motomura et al. 2016). Other potential stressors for Lionfish are 
not readily apparent. 
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Little Tunny - Euthynnus alletteratus 

Overall Vulnerability Rank = Moderate 0 

Biological Sensitivity = Low□ 
Climate Exposure = Very High ■ 

Data Quality = 75% of scores ;c: 2 
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Little Tunny ( Euthynnus alletteratus) 

Overall Climate Vulnerability Rank: Moderate. (100% bootstrap resulls in Moderate). 

Climate Exposure: Very Hi!1J. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (4.0). Little Tunny are a pelagic 
oceanadromous species and exposure to all three factors occur during the life stages. 

BjoJogjcaJ Sensjtjyjty: Low. No sensitivity attributes scored above 2.5 

rnstrjbutjonal vu1nerabmty Rank: High. Three attributes indicated high potential for distribution 
shift: high adult mobility, Widely dispersing early life stages, and generalist habit use (open 
water). 

Directional Effect on the Southeast U.S. Shelf: The effect of climate change on Little Tunny on 
the Southeast U.S. Shelf is estimated to be neutral. The effect of ocean acidification is expected 
to be minimal, as the species is primarily piscivorous. There is little evidence for either a positive 
or negative directional effect of climate change. 

Data Quality: 75% of the data quality scores were 2 or greater. Attributes identified as 
aata-dencIent include compIexny 1n ReproductIve strategy, Eany u re History setuement and 
Survival Requirements, and Other Stressors. Little is known specifically from the literature about 
reproduction and the fate of propagules. 

Climate Effects on Abundance and Distribution: Little Tunny are widely distributed along the 
eastern seaboard from Massachusetts to Florida. The species might conceivably expand its 
range further north if temperatures warmed (preferred temperature range 11.5 - 27 .8°C, mean 
23.3°C. The species may be minimally affected by Ocean Acidification, as they are opportunistic 
predators feeding primarily on clupeoid fishes, but they also feed occasionally on crustaceans, 
squids, hyperiid amphipods, pteropods, heteropods and tunicates (Bahou et at. 2007, Falautano 
et at. 2007). 

ure History synopsis: unIe I unny Is a reer-assocIated and oceanoaromous species rouna m 
nearshore neritic waters (Cervig6n 1994 ). In the western Atlantic the species is found from 
Massachusetts through Brazil, including throughout the Gulf of Mexico. In the Gulf of Mexico 
most juveniles and pre-adults are commonly found in deeper waters, beyond the edge of the 
continental shelf (Collette et al. 2011 ). De Sylva and Rathjen (1961) also found younger fish in 
open oceanic waters. Most catches of adults occur in inshore turbid or green water (deSylva 
and Rathjen 1961 ). Adult Little Tunny are opportunistic predators. eating mainly ciupeoid fishes, 
but also crustaceans, squid, amphipods, pteropods and tunicates. Juveniles likely eat smaller 
planktonic sized items included in adult diet (Bahou et al. 2007; Falautano et al. 2007). Adults 
are highly mobile, and are considered a highly migratory species. They are thought to make 
migrations along the east coast from south to north as the seasons wamn (Chilton 1949). Little 
Tunny spawn outside the continental shelf reqion throuqhout its ranqe (Schaefer 2001 l, in 
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waters of at least 25°C. Spawning season off the east coast of Florida is from March -November 
(deSylva and Rathjen 1961). Eggs are shed in several batches. up to 1.75 million eggs per 
female in a season. Spawnilg aggregations are not documented, although since the species is 

known to be schooling it may be hard to confirm the function of an aggregation as 
spawning-related. Fertilized eggs are pelagic, spherical, and buoyant, 0.8-1.1 mm in diameter. 

Larvae, approximately 3 mm in size, hatch 24 hours after fertilization. Larvae grow rapidly (1.07 
mm/day while remaining in the water column from mid-depth to surface (Allman and Grimes 
1998). Little Tunny have a reported temperature range of 11-28°C, but Cruz-Castanet al. (2019) 
report an opumar temperature or 24-28°C rrom tne soumwestern Gun or Mexico. ume Tunny 
may be affected by increasing ocean acidification because they include some crustaceans and 

pteropods in their diet, but they may compensate at older ages sWitching to a more fish-based 

diet. Population growth rate of Little Tunny is high, based on a maximum age of 10 years. high 
growtn coefficient estimates ranging from 0.39-0.69, an age at maturity of 2 years. Little Tunny 

have not been assessed, but are not considered to be overfished, having a rapid growth and 
maturity habit and being fairly short-lived. IUCN lists them as a Species of Least Concern. The 

species is not estuarine dependent at all, and its oceanidmidwater habit as well as fast growth 
habit makes it unlikely to be subject to lionfish predation. 
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Mutton Snapper - Luljanus analis 
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Common Name (Species Name) • Mutton Snapper • Lutjanus ana/is 

Oyerau Climate vu1nerabilit( Rank: High. (93% bootstrap results in High, 7% bootstrap results in 
Very High). 

Climate Exposure: Very Hi!1}. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (4.0). Mutton Snapper is a marine reef 
dweller also found in seagrass beds and mangrove habitats, and exposure to all three factors 
occurs during all life stages. 

Bjo!ogjcal Sensjljyj)y: Moderate. Four sensitivity attributes scored~ 2.5: Complexity in 
Reproductive Strategy (3.1 ), Spawning Cycle (2.8), Eany Life History Settlement and Survival 
Requirements (2.6), and Population Growth Rate (2.7). Mutton Snapper are a long-lived, late 
maturing fish known for forming spawning aggregations which have historically been highly 
exploited (Burton et al. 2005). 

Distributional Vulnerability Rank: High. Three attributes indicated high potential for distribution 
shift: high adult mobility (Feeley et al. 2018), widespread dispersal of ear1y life stages (Domeier 
2004 ), and low habitat specialization. 

Directional Effect on the Southeast U.S. Shelf: The effect of climate change on Mutton Snapper 
on the Southeast U.S. Shelf is estimated to be positive, although uncertainty is reflected in the 
expert scores (45% positive, 45% neutral, 10% negative). Effects of ocean acidification will likely 
be moderate because of both diet and habitat preference (coral reef habitat). Warming 
temperatures could create suitable thermal profiles for Mutton Snapper in northern areas. but it 
is unlikely that suitable habitats (seagrass beds, mangroves. coral reefs) would be available in 
northern areas. There is no evidence to suggest a positive directional effect of climate change 
on Mutton Snapper, thus the uncertainty reflected in the division of expert scores. 

Data Quality: 100% of the data quality scores were 2 or greater. 

cumate Effects on Abundance and p;strjbut;on: Mutton snapper are likely to be affected by an 
increasingly acidic ocean, as they consume crustaceans, molluscs and echinoderms, and adults 
rely on structurally complex coral reef habitat, which may be degraded by Ocean Acidification. 
Increasing Ocean Surface Temperature may allow the species to expand its range northward 
beyond Florida, although the availability of suitable preferred nursery habitat (shallow water high 
salinity seagrass beds and/or mangroves) may limit their ability to successfully expand their 
range. 

Life History Synopsis: Mutton Snapper is a tropicaUsubtropical coastal reef species widely 
distributed from North Carolina to Florida, including Bermuda and the Bahamas, through the 
Gulf of Mexico from the Florida Keys north to Tampa, off the Mississippi Delta region, and from 
south Texas south along Mexico to Cuba, throughout the Caribbean Sea, and along South 
America to Santa Catarina, BraZil (Cervig6n 1993). The latitudinal distribution is 43'N - 28 •s. 
Preferred temperatures range from 19-28'C, with a mean of 24.8'C. Mutton snapper are found 
in depths of 1-95 m. This species inhabits reefs, mangrove creeks, seagrass beds, and rubble 
bottoms, occurring over continental as well as insular shelf areas in clear waters (Cervig6n et al. 
1992). Earty life stages can be found among a variety of structural habitat types including 
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settlement stages in seagrasses. Large adults are usually found among rocks and coral while 
juveniles occur over sandy, vegetated (usually Thatassia) habitats (Starck 1971, Cervig6n 
1993). The juvenile usage of several backreef habitats in comparison to congeners is reViewed 
in Nagelkerken (2009). Juvenile stages feed on mainly crustaceans, whereas those 6 cm or 
larger consume post-larval and juvenile fish (Sierra and Popova 1997). Adult Mutton Snapper 
are carniVorous trophic generalists and use a great variety of prey, feeding during the day as 
well as at night. Main prey items are bony fishes, crustaceans, molluscs. and echinoderms 
(Allen 1985). Mutton Snapper are commonly found in salinities ranging from 20-35 ppt, values 
in<1ir.afiVP. nf hahitats ranging frnm sP.agrass hP.<1s an<1 mangrnvP. CIP.eks In nffshnrP. rP.P.fs 
Mutton Snapper are not limited in their mobility. They exhibit solitary behavior normally, but will 
come together in large spawning aggregations. Acoustic tracking of one individual near no-take 
marine reserves in the Dry Tortugas. Florida, estimated a hOme range of about 7.5 km2 (Farmer 
and Ault 2011 ). While this suggests that subpopulations separated by 100 km or less may be 
able to respond independently to disturbances, there may be limited exchange between the 
subpopulation in the Gulf of Mexico and the wider Caribbean Sea. Feeley et al. (2018) found 
that individual Mutton Snapper in the Dry Tortugas migrated as many as five times during the 
year up to 35 km to spawning grounds at Riley"s Hump. Mutton Snapper spawning aggregations 
are documented from Belize (Heyman and Kjerve 2008). In Cuba, spawning aggregations occur 
on several shelf regions between May and August in depths of 20-40 m (Claro and Lindeman 
2003). A well-known spawning aggregation site at Riley's Hump occurs during summer months 
(June-August) on lunar cycles. Aggregations occurred at the La Parguera, Puerto Rico, shelf 
edge during at night following the full moon of April and May of 2003 at an average depth of 
20-40 m over rocky coralline bottoms and sandy bottoms with abundant gorgonians (Esteves 
2005). Mutton Snapper in the Florida Keys/Dry Tortugas spawn April - August, peaking in May -
July (Feeley et al. 2018). Individuals have been observed in spawning condition in the US 
Caribbean from February through July (Erdman 1976), and have been reported in spawning 
condition by anglers from April - September in east central Florida (Tishler-Meadows 2012). 
Fertile eggs are pelagic, floating to the surface and hatching in approximately 24 hours. Hatch 
size is 2.2-2.5 mm and settlement occurs at 27-37 days (mode 31 days) after hatching at 15-18 
mm. Pelagic eggs and larvae rely on tidal currents for transport into suitable estuaries where 
they utilize shallow water high-salinity seagrass beds as nursery habitat. Juveniles and 
subadults are found in seagrass beds as well as mangrove habitats and nearshore hardbottom. 
The species appears to have a low population growth rate. with an east coast Florida study 
finding a maximum age of 29 years (Burton 2002), while a study from the Gulf of Mexico that 
included deep-water commercially caught fish found a maximum age of 40 years (Faunce et al. 
2007). Maturity is not achieved until age-5 or age-6. Natural mortality was estimated at M = 
0.29, and the von Bertalanfly growth coefficient was estimated as K = 0.16. Mutton Snapper in 
the southeastern U.S. is considered a single stock, with little genetic variation throughout the 
area and the Caribbean. Mutton Snapper have not been assessed from the southeastern U. S. 
Atlantic coast. A stock assessment from the Gulf of Mexico, which included Florida Keys/Dry 
Tortugas fish, found SSB 201/SSBMSv = 1.13, indicating the species was not overfished. Other 
stressors that could impact Mutton Snapper include environmental aterations of their nursery 
habitat due to development. lionfish predation on juveniles and subadults on nearshOre reefs, 
disruption of favorable tidal transport currents and possibly increasing temperatures. 

16Q 



 

250 
 

Literature Cited: 

Allen GR. 1985. Snappers of the world. An annotated ano illustrated catalogue of lutjanid 
species known to data. FAO Species Catalogue, vol 6. FAO Fish. Synop. 125: pp:1-208. 

Burton ML. 2002. Age, growth and mortality of mutton snapper, Lutjanus analis, from the east 
coast of Florida, with a brief discussion of management implications. Fish. Res. 59: 31-41. 

Burton ML, Brennan KJ, Munoz RC, Parker RO Jr. 2005. Preliminary evidence of increased 
spawing aggregations of mutton snapper (Lutjanus analis) at Riley"s Hump two years after 
establishment of the Tortugas South Ecological Reserve. Fish. Bull. 103:404=410. 

Cervigon F. 1993. Los Peces Marinos de Venezuala. Funoacion Cientifica Los Roques, 
Caracas, Venezuala. 

Cervigon F, Cipriani R, Fischer W, Garibaldi M, Hendrickx M, Lemus A, Marquez R, Poutiers J, 
Robaina G, Rodriguez B. 1992. Fichas FAO de identificaci6n de especies para los fines de la 
pesca. Guia de campo de las especies comerciales marinas y de aquas salobres de la costa 
septentrional de Sur America. FAO, Rome. 

Claro R, Lindeman KC. 2003. Spawning aggregation sites of snapper and gouper species 
(Lutjanidea and Serranidaej on the insular shelf of Cuba. Gulf and Caribbean Research 
14:91-106. 

Domeier ML. 2004. A potential larval recruitment pathway origination from a Florida marine 
protected area. Fish. Oceanogr. 13:287-294. 

Erdman DS. 1976. Spawning patterns of fishes from the northeastern Carribean. Agriculture 
and Fisheries Contribution Offical Publication Special Service 7(2): 1. 

Esteves RF. 2005. Dispersal of reef fish larvae from known spawning sites in La Parguera. Univ. 
Puerto Rico, Mayaguez. 

Farmer NA. Ault JS. 2011. Grouper ano snapper movements and habitat use in Dry Tortugas, 
Florida. Mar. Ecol. Prog. Ser.433:169-184. 

Faunce c, Muller R. 2007. Mortality estimates for mutton snapper, Lutjanus analis, inhabiting 
Florirta watP.rs !'.FnAR1 !;A-nW-1 fi 

Feeley M W, Morley D, Acosta A, Barbera P, Hunt J. Switzer T, Burton ML. 2018. Spawning 
migration movements of mutton snapper in Tortugas, Florida; Spatial dynamics within a marine 
reserve network. Fish. Res. 204:209-223. 

Granados-Dieseldorff P. Heyman WD, Azueta J. 2013. History and co-management of the 
artisanal mutton snapper (Lutjanus analis) spawning aggregation fishery at Gladden Spit, 
Belize, 1950-2011. Fisheries Research 147: 213-221. 

Heyman WD, Kjerfve B. 2008. Characterization of multi-species reeffish spawning aggregations 
at Gladden Spit, Belize. Bulletin of Marine Science 83(3): 531-551. 

170 



 

251 
 

Nagell<erken I. 2009. Evaluation of nursery function of mangroves and seagrass beds for 
tropical decapods and reef fishes: patterns and underlying meehanisms. In: Nagelkerken I, 
editor. Ecological connectivity among tropical coastal ecosystems. Dordrecht, The Netherlands: 
Springer Science and Business Media. Pp.357-399. 

Sierra LM, Popova OA. 1997. Relaciones tr61icas de los juveniles de cinco especies de pargo 
(Pisces: Lutjanidae) en Cuba. Rev. Biol. Trop 44(45): 499-506. 

Starck WA II. 1971. The bidogy of the grey snapper, Lutjanus griseus (Linnaeus), in the Florida 
Keys. In: W./\. Starck, II and R.E. Schroeder (eds), Investigations on the gray snapper, Lutjanus 
griseus. Studies in Tropical Oceanography, pp. 11-150. Rosenstiel School of Marine and 
Atmospheric Sciences, University of Miami Press, Miami. 

Tishler Meadows M. 2012. Spawning Indicators of Snappers (Lutjanidae) on the East Coast of 
Florida Determined from Commercial and Recreational Fisher Surveys. Master's Thesis, Florida 
Institute of Technology. 

171 



 

252 
 

Nassau Grouper - Epinephelus striatus 
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South Atlantic Vulnerability Assessment - Nassau Grouper 

Nassau Grouper (Epinephe/us striatus ) 

oyerau Climate YYloerabilit( Rank: very High. 100% bootstrap results in very High. 

Climate Exposure: Very High Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (4.0). Nassau grouper is a marine reef 
fish also found in seagrass beds, thus exposure to all three factors occurs during the life stages. 

Biological Sensitivity: High. Six sensitivity attributes scored;:: 3.0: Habitat Specificity (3.4), 
Complexity in Reproductive Strategy (3.2), Spawning Cycle (3.8), Population Growth Rate (3.3), 
SensitiVity to Temperature (3.0) and Stock Size/Status (3.6). Nassau Grouper have historically 
fonned large spawning aggregations at predictable times and locations, leading to near 
extirpation. In 1992 the species was protected from all harvest in U.S. waters with an 
Endangered Species Act listing of Threatened. 

Distributional Vulnerability Rank: Moderate. Three attributes indicated moderate potential for 
distribution shift: moderate habitat specialization, potential for widespread ear1y life stage 
dispersal, and high adult mobility (Nassau Grouper are capable of long migrations to spawning 
sites; Bolden 2002) . 

Directional Effect on the Southeast U.S. Shelf: The directional effect of climate change on 
Nassau Grouper on the Southeast U.S. Shelf is estimated to be negative (50% of scores were 
negative while ~0% were neutral and 10% positive). Rising seawater temperatures may 
negatively affect productivity by delaying timing of spawning (Tucker et al. 1993). Nassau 
Grouper rely on high-relief coral reefs as a primary habitat. and damages to or losses of this 
ecosystem type due to climate change (increasing temperatures) cannot likely be offset by their 
use of other rocky ledge type habitat Nassau Grouper consume a large quantity of crustaceans 
and are likely to be affected by Ocean Acidification. 

Data Quality: 92% of the data quality scores were 2 or greater. Early Life History Settlement and 
Survival Requirements, scored as of moderate to high sensitivity, was identified as a 
data-deficient attribute. 

Climate Effects on Abundance and Distribution: Increasing Ocean Acidification could impact 
Nassau Grouper because of the inclusion of significant amounts of crustaceans (crabs, lobster, 
shrimp) in the diet (Carter et al. 1994), and lesser amounts of shelled mollusks. Ocean 
Acidification may also impact Nassau Grouper habitat. Although this species also inhabits rocky 
reefs, these are unlikely to be able to compensate for the loss of quality coral reef habitat. 
Between 1970-2011 (41 years). an overall 59% decline in coral cover was observed in the 
Caribbean, Which was caused by anthropogenic stressors, Diadema antillarum decline, and 
coral disease (Jackson et al. 2014). Ocean temperatures of 25-26°C are the trigger for 
development and spawning (Colin 1992; Tucker et al. 1993), and climate-driven increases in 
water temperature could alter reproductive seasons. 

Ljfe Hjstory synopsjs: Nassau Grouper is a large grouper that is found in Bennuda and the 
Bahamas and South Florida, and through the Caribbean to Venezuela, where it is associated 
with tropical and subtropical coral and rocky reefs (Carter et al. 1994. Stevens et al. 2019). In 
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South Atlantic Vulnerability Assessment - Nassau Grouper 

the Atlantic waters of the southeastern U.S. the range of Nassau Grouper is generally limited to 
south Florida and the Florida Keys. This species was at one time the most important reef 
fishery species in the Caribbean; however, fishing on spawning aggregations and habitat loss 
have resulted in dramatic population declines throughout its range (Carter et al. 1994, Canty et 
al. 2019). Nassau Grouper is listed as ·critically endangered" by the International Union for 
Conservation of Nature and "threatened" under the US Endangered Species Act (Waterhouse et 
al. 2020). Nassau Grouper form large spawning aggregations in winter in the Caribbean. 
Spawning cues include lunar and diurnal cycles, water temperatures and local current 
r.onc1ilions. anc1 spawning or.r.urs on thP. 011IP.r rP.P.f slopP. or shP.lf hrP.ak (~hP.ruhin P.I al ?O?O) 

Spawning, and females in 5Pawning condition, have been observed at many locations in the 
Caribbean and Bahamas, bUt no spawning has been documented off the southeast Atlantic U.S. 
states. In other parts of its range, Nassau Grouper form spawning aggregations at highly 
predictable times and locations, making them vulnerable to overfishing. Fish spend a week or 
more at spawning sites, spawning over the course of a few nights on successive full moons 
from December to February. Nassau Grouper spawn only a few days a month during three 
months of the year, and not all females participate in all spawning events (Heyman et al. 2019). 
The fertilized eggs hatch after ~24 h and remain pelagic for 35 to 45 d. Juveniles settle into 
algal mats and seagrass beds, and are thought to recruit to juvenile habitats en masse following 
aggregation events (Shenker et al. 1993). Nassau Grouper take 5-7 y to reach reproductive 
maturity and may live 29 or more years (Waterhouse et al, 2020). Nassau Grouper eat mostly 
fish, but crustaceans and cephalopods are a significant part of the diet. Shelled mollusks are 
infrequently consumed. Crustaceans include crabs, lobster, shrimp and others (Carter et al. 
1994). The fishery for Nassau Grouper in U.S. Atlantic waters (state and federal) has been 
closed since 1992. 
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South Atlantic Vulnerability Assessment - Species NaMative Template 

Pinfish (Lagodon rhomboides) 

Overall Climate Vulnerability Rank: Moderate. (100% bootstrap results in Moderate). 

Climate Exposure: Very Higi. Four exposure factors contributed to this score: Air Temperature 
(4.0), Ocean Acidification (4.0), Sea Level Rise (3.6), and Salinity (4.0). Juvenile Pinfish reside 
in shallow estuarine areas while adults occupy a variety of coastal and nearshore habitats. 

Biological Sensitivity: Low. No sensitivity attributes scored ;:: 2.5. 

Distributional Vulnerability Rank: High. Three attributes indicated high potential for distribution 
shift: Pinfish are habitat generalists, adults are mobile, and the species has widely dispersive 
early life stages. 

Directional Effect on the Southeast U.S. Shelt The effect of climate change on Pinfish on the 
southeast U.S. shelf is projected to be positive. Pinfish are eurythermal and euryhaline, 
although studies have found feeding ceases at temperatures above 35•c and below 6°C, 
indicating a possible effect on frtness in the southern end of the distribution as well as limits to 
northward movement. The effect of ocean acidification on Pinfish over the next 30 years is 
expected to be minimal to moderate. 

Data Quality: 92% of the data quality scores were 2 or greater. Only Stock Size/Status (1.6) was 
data deficient, likely due to the fact that pinfish are not a managed species and have had no 
stock assessment performed. 

Climate Effects on Abundance and Distribution: An occasional resident of waters north of 
Virginia, Pinfish may respond positively to climate-induced warming by increasing their 
abundance and distributional range north. Excessive warming in the southern end of the range 
(above 32°C) will cause Pinfish to leave the estuaries for deeper, cooler water (Cameron 1969) 
or cease feeding (Peters et al. 1973). Juvenile Pinfish diets include a diversity of invertebrates 
including polychaetes, amphipods, copepods, and bryozoans (Barbosa and Taylor 2020), while 
larger Pinfish feed on mollusks, potychaetes and other invertebrates (Binion-Rock et al. 2019), 
thereby indicating that Pinfish may be affected by Ocean Acidification. 

Ljfe Hjstory Synopsjs: Pinfish is a widespread-subtropical and estuarine dependent species 
that occurs throughOut the southeast U.S. and Gulf of Mexico. They can also be found at lower 
densities in the Mid-Atlantic region. Pinfish have been recognized as an important forage fish, 
particularly due to the high abundance of juveniles in many estuarine systems (Binion-Rock et 
al. 2019; Faletti et al. 2019). While Pinfish are often included in community level studies and are 
a model species for estuarine habitat use, older life stages are not well described. Little is 
Known about the movement patterns of adult fish or if any stock structure exists. The oldest 
individuals identified have been age-7, based on a study off the west Florida coast Where the 
largest Pinfish were between 200 and 250 mm standard length (Nelson 2002). Limited 
information is available on the reproductive ecology of Pinfish. Cody and Bertone (1991) 
concluded that most individuals above 100 mm were mature in Gulf of Mexico collections, which 
corresponds to age-1 fish (Nelson 2002). Based on examination of gonads from adult fish in the 
Gulf of Mexico, the spawning season ranges from late fall through the winter (Cody and Bertone 
1991 ; Nelson 2002). Pinfish are known to spawn on the continental shelf, which is supported by 
larval collections on the west Florida continental shelf during winter, mostly in water < 50 m 
depth (Houde et al. 1979). Studies from an aquaculture setting suggest that, like other sparid 
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species, Pinfish are highly fecund batch spawners and pelagic eggs and larvae develop quickly 
(Broach et al. 2017). Larval Pinfish are tidally transported through inlets during the winter and 
early spring. For example, near Beaufort Inlet, NC Pinfish were the second most abundant 
species in larval collections from incoming surface waters over an 18 year period (Taylor et al. 
2009). Juvenile Pinfish utilize a variety of estuarine habitats. In NC, Pinfish are the dominant 
species in seagrass habitats (Baillie et al. 2015), and they have been shown to be highly 
associated with submerged aquatic vegetation in other systems (Faletti et al. 2019). However, 
their habitat requirements are fairly adaptable and they are also known to use oyster reefs, salt 
marshes. and tidal creeks (Lehnert and Allen 2002; Baillie et al. 2015; Kimball et al. 2020). 
Further, Pinfish appear to be more adaptable than other species in using human-modified 
structures such as bulkheads and aquaculture gear (Gittman et al. 2016; Powers et al. 2007). 
Larger Pinfish are generally found in deeper waters on the continental shelf at depths shallower 
than 30m (Nelson 2002; Whitfield et al. 2014). Adult Pinfish can be found year-round on the 
continental shelf, both oversoft substrates and structured bottom (Whitfield et al. 2014). 
Juvenile Pinfish are omnivorous and feed on both seagrass and algae, as well as a diversity of 
invertebrates including polychaetes, amphipods, copepods, and bryozoans (Barbosa and Taylor 
2020). Based on a study in Pamlico Sound, NC, larger Pinfish (> 100 mm) are also benthic 
omnivores, feeding on mollusks, polychaetes and other invertebrates, as well as seagrass 
(Binion-Rock et al. 2019). Pinfish diet on the continental shelf remains unknown. The population 
status of Pinfish is unknown. Kimball et al. (2020) found that Pinfish abundance has increased 
in a South Carolina estuary over a 30 year period, potentially due to changes in climate 
includinQ storm intensity and temperature. This SUQQests that future chanQes in climate may 
favor Pinfish , although this depends on impacts to biogenic estuarine habitats. Pinfish are 
targeted as bait both commercially and recreationally (Ohs et al. 2018), but there is no evidence 
that the bait fishery impacts abundance. Stratton et al. (2018) found that interannual abundance 
of Pinfish on the nearshore continental shelf was negatively correlated with annual shrimp trawl 
effort. This negative response to trawling indicates that bycatch in the shrimp fishery has a 
substantial effect on this species. 

Literature Cited: 

Baillie CJ, Fear JM, Fodrie FJ (2015) Ecotone effects on seagrass and saltmarsh habitat use by 
juvenile nekton in a temperate estuary. Estuaries and Coasts 38:1414-1430. 

Barbosa M, Taylor CM (2020) Spatial and temporal trends in diet for pinfish (Lagodon 
rhomboides) from turtle grass (Tha/assia testudinum) beds with contrasting environmental 
regimes in the Lower Laguna Madre, Texas. Estuaries and Coasts. 
https:/fdoi.org/10.1007 is12237 -020-00717-0 

Binion-Rock SM, Buckel JA, Rock JE, West K, Paramore LM (2019) Importance of sample gear 
in the identification of trophic guilds and forage species in a large lagoonal estuary. Mar. Coast. 
Fisher. Dyn. Manag. Ecosys. Sci. 11 :393-413. 

Broach JS, Ohs CL, Breen NE (2017) Protracted volitional spawning of pinfish Lagodon 
rhomboides and changes in egg quality and fatty-acid composition throughout the spawning 
season. J. Fish Biol. 91 :806-817. 

178 



 

259 
 

South Atlantic Vulnerability Assessment - Species NaMative Template 

Cameron JN. 1969. Growth, respiratory metabolism and seasonal distribution of juvenile pinfish 
(Lagodon rhomboides Linnaeus) in Redfish Bay, Texas. Contributions in Marine Science 
14:19-36. 

Cody RP, Bertone SA (1991) An investigation of the reproductive mode of the pinfish, Lagodon 
rhomboides Linnaeus (Osteichthys: Sparidae). Gulf of Mexico Sci. 12:99-110. 

Faletti ME, Chacin DH, Pea<e JA. MacDonald TC, Stallings CD (2019) Population dynamics of 
pinfish in the eastern Gulf of Mexico (1998-2016). PLoS ONE 14(8): e0221131 

Gittman RK, Peterson CH, Currin CA, Fodrie FJ, Piehler MF, Bruno JF (2016) Living shorelines 
can enhance the nursery role of threatened estuarine habitats. 26:249-263. 

Houde ED, Leak JC, Dowd CE, Berkeley SA, Richards WJ (1979) lchthyoplankton abundance 
and diversity in the eastern Gulf of Mexico. Report to the Bureau of Land Management under 
Contract No. AA550-CT7-28, June 1979, 546 p. 

Kimball ME, Allen DM, Kenny PD. Ogburn-Matthews v (2020) Decadal-scale changes in 
subtidal nekton assemblages in a warm-temperate estuary. Estuaries and Coasts. 
https:ffdoi.org/10.1007/s12237 -019-00692-1 

Lehnert RL. Allen DM (2002) Nekton use of subtidal oyster shell habttat in a southeastern U.S. 
estuary. Estuaries, 25:1015-1024. 

Nelson GA (2002) Age, growth, mortality, and distribution of pinfish (Lagodon rhomboides) in 
Tampa Bay and adjacent Gulf of Mexico waters. Fish. Bull. 100:582-592. 

Ohs CL, DiMaggio MA, Beany AH (2018) Preferences for and perception of cultured marine 
baitfish by recreational saltwater anglers in Florida. 22:264-278. 

Peters DS, Kjelson MA, and MT Boyd. 1973. The effect of temperature on food evacuation rate 
in the pinfish (Lagodon rhomboides). spot (Leiostomus xanthurus). and siiverside (Menidia 
menidia) . Proceedings of the Annual Conference of the Southeastern Association of Fish and 
Game Commissions 26:637-643. 

Powers MJ. Peterson CH, Summerson HC, Powers SP (2007) Macroalgae growth on biValve 
aquaculture netting enhances nursery habitat for mobile invertebrates and juvenile fishes. Mar. 
t:COI. 1-'rog. ::;er. ;j;j!l:1U9-1Zl. 

Stratton MA, Nesslage GM, Latour RJ (2019) Multi-decadal climate and fishing predictors of 
abundance for U.S. South Atlantic coastal fishes and invertebrates. Fisheries Oceanography, 
28:487-504. 

Taylor JC, Mitchell WA, Buckel JA, Walsh HJ, Shertzer KW, Martin GB, Hare JA (2009) 
Relationships between larval and juvenile abundance of winter-spawned fishes in North 
Carolina, USA. Mar. Coast. Fisher. Dyn. Manag. Ecosys. Sci. 1:12-21. 

Whitfield PE, Munoz RC, Buekel CA, Degan BP, Freshwater DW, Hare JA (2014) Native fish 
community structure and lncto-Pacific lionfish Pterois volitans densities along a 
depth-temperature gradient in Onslow Bay, North Carolina, USA. Marine Ecology Progress 
Series, 509:241-2 54. 

17g 



 

260 
 

Pink Shrimp - Fartantepenaeus duorarum 
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Pink Shrimp (Farfantepenaeus duorarum) 

Overall Climate Vulnerability Rank: Very High. (8% bootstrap results in High, 92% bootstrap 
results in Very High). 

Climate Exposure: Very High. Four exposure factors scored~ 3.5: Salinity (3.7), Ocean 
Acidification (4.0), Air Temperature (4.0), and Sea Level Rise (3.6). Early life stages of Pink 
Shrimp use shallow estuarine areas. while adults are found in relatively shallow coastal habitats. 

Biological Sensitivity: High. Three sensitivity attributes scored ~ 3.0: Early Life History 
Settlement and Survival Requirements (3.1 ), Sensitivity to Ocean Acidification (3.6), and Other 
Stressors (3.0). Pink Shrimp are obligate estuarine residents during their early life stages and 
are thus subject to anthropogenic disturbances. Increasing acidification could have both direct 
(shell formation) and indirect (prey) effects on their productivity. 

rnstrjbutjonal YYloerabjljty Rank: Moderate. Three attributes indicated moderate potential for 
distribution shift: mobile adults that may be behaviorally limited from extensive migration. 
preferring specific habitat types; early life stages that may disperse rundreds of kilometers to 
suitable nursery areas; and relatively selective habitat preferences (specific sediment types) that 
may limit distribution expansion. 

Directional Effect on the Southeast U.S. Shelf: The effect of climate change on Pink Shrimp is 
projected to be neutral. As Pink Shrimp are more tolerant of thermal and salinity extremes, 
increasing temperatures could lead to changes in abundance and distribution (northward 
movement in search of suitable habitat), but increasing ocean acidification could affect fitness 
and survival (Mustafa et al. 2015). 

pata Quality: 100% of the data quality scores were 2 or greater. 

Climate Effects on Abundance and Distribution: Post larval and juvenile stages of Pink Shrimp 
prefer less saline areas of seagrass beds as nursery grounds and so could be affected by 
increasing salinity, although adults are more tolerant of a wide salinity range. Changes in 
freshwater inputs to nursery areas (through changes in precipitation brought on by warmer, drier 
overall climate) could also affect salinity and therefore fitness and survival of Pink Shrimp. 
Increasing ocean acidification could have consequences both directly (shell formation) as well 
as indirectly (molluscs and copepods in diet). Pink Shrimp rely on larval transport from offshore 
spawning areas to suitable nursery habitat. and climate-driven changes to currents could affect 
survival. Larval duration is known to be temperature dependent and increases in estuarine 
temperatures could affect timing of development. 

Life History Synopsis: Pink Shrimp are a commercially important penaeid shrimp distributed 
from the Chesapeake Bay south along the eastern seaboard and throughout the Gulf of Mexico, 
including the Yucatan Peninsula, Mexico (Perez-Farfante, 1969). Postlarval Pink Shrimp settle 
in shallow, less saline areas of seaqrass beds in estuarine nursery habitats, and juveniles use 
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seagrass beds as nursery grounds until they reach about 18 mm carapace length when they 
migrate offshore as subadu'.ts (Murphey and Fonseca 1995). Adults inhabit the inner littoral 
zone of nearshore coastal waters. Primary habitat is sand, sand-shel or coral-mud bottoms 
from intertidal zone out to 50 meters in depth (Rulifson 1981 ; Kenne<ly and Barber 1986). Pink 
shrimp are opportunistic omnivores that consume caridean and other penaeid shrimps, 
copepods, isopods, amphipods, ostracods, small mollusks, polychaetes. seagrasss. benthic 
diatoms, algae. green algae. detritus, bacterial films, slime molds and yeast (Eldred et al. 1961; 
Odum and Heald 1972; Sastrakusumah 1971; Schwamborn and Criales 2000). Pink Shrimp are 
nIgnIy moo11e (Gltscniag 1986; snenaan et al. ·1987), out tena to stay In waters sna11ower tnan 
50 m preferring specific sediment types; they prefer sandy-mud, carbonate sands, or shell hash 
and not hard bottom or organic muds (Grady 1971; Rulifson 1981 ). Pink Shrimp likely spawn 
once in the northern part of their spawning range (North Carolina; Wiliams 1955) but spawn 
multiple times during a year in Florida (Cummings 1961 ). Spawning occurs over a temperature 
range of 19-30"C, with spawning occurring more frequently in higher temperatures. When 
temperatures drop in the fal, spawning shifts to deeper. cooler waters (Jones et al. 1970). 
Spawning occurs offshore and eggs hatch after 1-5 hr. Larvae utilize currents, daily vertical 
migrations. and selective tidal stream transport to migrate across the inner shelf towards inshOre 
nursery habitats. Hundreds of kilometers may separate offshore spawning and inshore nursery 
grounds (Sheridan et al. 1987; Criales et al. 2007, 2011). Duration of planktonic stages is 
temperature dependent, usually lasting 3-4 weeks, and is dependent on currents for larval 
transport to nearsnore seagrass beds (Munro et al. 1968). Pink Shrimp are the most tolerant of 
the three species of commercially important penaeid shrimp to colder temperatures, and the 
only species able to successfully overwinter in estuaries in the northern portion of the range 
(North Carolina and South Carolina). They can survive temperatures as low as 3°C but likely will 
have reduced growth rates in cooler temperatures. They may burrow into sediments during 
extreme cold weather to enhance survival. Pink Shrimp activity is hi(flest at temperatures above 
26°C (Fuss and Ogren 1966). As shell forming invertebrates, Pink Shrimp are likely to be 
affected by ocean acidification (Dall et al. 1990). Additionally, they rely on copepods and 
molluscs in their diet (Odum and Heald 1972), species prone to the effects of an increasingly 
acidic environment. Pink Shrimp are fastijrowing and short-lived (maximum age 2 years; Hart 
2016), a small maximum body size (170 mm). an early age-at maturity (Phares 1981) and fairly 
high natural mor1ality rate. Pink Shrimp are not considered overfished in either the Gulf of 
Mexico or South Atlantic. Gulf and Atlantic stocks appear to be genetically similar 
(McMillen-Jackson and Bert 2004 ). Pink Shrimp are likely to be affected by other stressors such 
as pollution (pesticides: Coppage and Matthews 1974; mercury pollution; Evans and Crumley 
2005), harmful algal blooms. anthropogenic alteration of seagrass habitats (dredging, 
development), and changes in available nursery habitat due to sea level rise and potential 
changing salinity regimes (although Pink Shrimp are more tolerant of a wide salinity range than 
other penaeid shrimp). 

Literature Cited: 

182 



 

263 
 

Criales MM, Browder JA, Mooers CNK, Robblee MB, Cardenas H. Jackson TL 2007. 
Cross-shelf transport of pink shrimp larvae: interactions of tidal currents, larval vertical 
migrations and internal tides. MEPS 345: 167- 184. 

Criales MM, Robblee MB, Browder JA, Cardenas H, and Jackson TL 2011 . Field observations 
on selective tidal-stream transport for postlarval and juvenile pink shrimp in Florida Bay. J Crust 
Biol 31 26-33. 

r.oppagP. ni . MalthP.ws F 1'l7 4 Short-IP.ml P.ffP.r.ts of organophosphalP. pP.stir.irtP.s on 
cholinesterases of estuarine fishes and pink shrimp. Bull Env Cont Tox 11 :483-488. 

Cummings WC. 1961. Maturation and spawning of the pink shrimp, Penaeus duorarum 
Burkenroad. Trans. Am. FiSh. Soc. 90 (4), 462-468. 

Eldred B, Ingle RM, Woodburn KD et al. 1961 . Biological observations on the commercial 
shrimp, Penaeus duorarum Burkenroad, in Florida waters. Florida State Board of Conservation 
Marine Laboratory, Professbnal Paper Series, 3, 139 pp. 

Evans OW, Crumley PH. 2005. Mercury in Florida Bay fish: spatial distribution of elevated 
concentrations and possible linkages to everglades restoration. Bull Mar Sci 77:321-346. 

Fuss CM, Ogren LH. 1966. Factors affecting actiVity and burrowing habits of the pink shrimp, 
Penaeus duorarum Burkenroad. Biol. Bull. 130(2):170-191 . 

Gitschlag G. 1986. Movement of Pink Shrimp in Relation to the Tortugas Sanctuary. North Amer 
J Fish Mgmt 6:328-338. 

Grady, JR. 1971 . The distribution of sediment properties and shrimp catch on two shrimping 
grounds on the continental shelf of the Gulf of Mexico. Proc. Gulf Caribb. Fish. Inst. 23: 
139-148. 

Hart RA. 2016 Stock assessment update for Pink Shrimp (Farfantepenaeus duorarum) in the 
U.S. Gulf of Mexico for 2015. 

Jones AC, Dimitriou DE . Ewald JJ et al. 1970. Distribution of early developmental stages of 
pink shrimp, Penaeus duorarum, in Florida waters. Bull. Mar. Sci., 20(3):634-661. 

Kennedy FS,. Barber G. 1931. Spawning and recruitment of pink shrimp, Penaeus duorarum, 
off eastern Florida. J. Crust Biol. 1(4): 474-485. 

McCoy EG, Brown JT. 1967. Migration and Growth of Commercial Penaeid Shrimps in North 
Carolina. Special Scientific Report No. 11 . Division of Commercial and Sports Fisheries. North 
Carolina Department of Conservation and Development, Raleigh, NC, USA 32 pp. 

183 



 

264 
 

McMillen-JacKson AL, Bert TM. 2004. Genetic diversity in the MTDNA region and population 
control structure in the pinK shrimp Fartantepenaeus duoarum. J Crust Biol 24:101-109. 

Munro JL, Jones AC, Dimitrou D. 1968. Abundance and distribution of the larvae of the pinK 
shrimp (Penaeus duorarum) on the Tortugas Shelf of Florida, August 1962-Oc- tober 1964. 
Fishery Bulletin U.S. 67:165-181. 

Murphey PL, Fonseca MS . 1995. Role of high and low energy seagrass beds as nursery areas 
for PP.naP.tJS rltmrarum in North C:arolina Mar Fc.ol Progr SP.r 1 :>1 ·91-98 

Mustafa M, Kharudin SN, Yong SeoK Kian A. 2015. Effect of Simulated Ocean Acidification on 
Chitin Content in the Shell of White Shrimp, Utopenaeus vannamei. Journal of Fisheries 
Sciences 9(2):6-9. Available at: 
https:flwww.fisheriessciences.com/fisheries-aqua/effect-of-simulated-ocean-acidification-on-chtti 

o-conteo\-io-10e-shel1-or-wbi\e-shrtmo-utopenaeus-vaooaroei-sa1eem-mustata pgt 

Odum WE, Heald E. 1972. Trophic analyses of an estuarine mangrove community. Bull. Mar. 
Sci. 22(3):671-738. 

Perez-Farfante I. 1969. Western Atlantic shrimps of the genus Penaeus. Fish. Bull., 67(3):i-x, 
461-591. 

Phares PL 1981. Aspects of the pinK shrimp fishery in the eastern Gulf of Mexico for the years 
1960-1979. Miami Laboratcry, Southeast Fisheries Science Center. National Marine Fisheries 

Service. Miami, Florida. 

Rulifson RA. 1981. Substrate preferences of juvenile penaeid shrimps in estuarine habitats. 
Contrib. Mar. Sci. 24:35-52. 

SastraKusumah S. 1971. A study of the food of juvenile migrating pinK shrimp, Penaeus 
duorarum BurKenroad. Univ. Miami, Sea Grant Tech. Bull. 9, 37 p. 

Schwamborn R, Criales MM. 2000. FeedinQ strateQy and daily ration of juvenile pinK shrimp 
(Farfantepenaeus duorarum) in a South Florida seagrass bed. Mar Biol 137:139-147. 

Sheridan P, Patella F Jr.. Baxter N. Emiliani D. 1987. Movements of Brown Shrimp, Penaeus 
aztecus, and PinK Shrimp, P. duorarum. Relative to the U.S.-Mexico Border in the Western Gulf 
of Mexico. Mar Fish Rev 49:14-19. 

Williams AB. 1955. A contribution to the life histories of commercial shrimps (Penaeidae) in 
North Carolina. Bulletin of Marine Science of the Gulf and Caribbean 5(2):116-146. 

184 



 

265 
 

Redband Parrotfish - Sparisoma aurofrenatum 

Overall Vulnerability Rank = High D 

Biological Sensitivity = Moderate D 
Climate Exposure = Very High ■ 

Data Quality = 58% of scores ;c: 2 
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Redband Parrotfish (Sparisoma aurotrenatum) 

Overall Climate Vulnerability Rank: High. (1% bootstrap results in Moderate, 97% bootstrap 
results in High, 2% bootstr~ results in Very High). 

Climate Exposure: Very Higi. Three exposure factors contributed to this score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (4.0). Exposure to all three factors 
occurs during the life stages. 

Biological Sensitivity: Moderate. Four sensitivity attributes scored ~ 2.5: Habitat Specificity (3.1 ). 
Complexity in Reproductive Strategy (2.5), Early Life History Settlement and Survival 
Requirements (2. 7), and Other Stressors (2.5). Red band Parrotfish prefer shallow algal-rich 
coral reefs (McEachran and Fechhelm 2005). Little infonnation exists on early life history 
requirements or reproductive strategy, but they are thought to be pair spawners (Robertson and 
Warner 1978). Preferred shallow coral reef habitat could be affected by nearshOre runoff. 

Distributional Vulnerability Rank: Moderate. Three attributes indicated moderate potential for 
distribution shift: a preference for a specific habitat type, limited adult mobility due to a 
behaVioral preference to stay close to this habitat type, and moderately dispersive early life 
stages. 

Directional Effect on the Southeast U.S. Shelf: The effect of climate change on Redband 
Parrotfish on the Southeast U.S. Shelf is estimated to be neutral. There is little information 
available to assess the directional effect of climate change on Redband Parrotfish. 

Data aua!jty: 58% of the data quality scores were 2 or greater. Early Life History Settlement 
and Survival Requirements, an attribute of moderate sensitiVity and importance, was scored by 
experts as data deficient. 

Climate Effects on Abundance and Distribution: The species prefers seagrass beds, 
mangroves. and clear-water coral reefs, the latter a habitat increasingly threatened by 
warming-induced coral bleaching and increasing acidification. Additionally, adults feed on coral 
polyps. 

Ljfe History Synopsjs: Redband Parrotfish is a small reef-associated fish species distributed in 
the western Atlantic from southern Florida (and Bennuda) through Brazil, including the Gulf of 
Mexico and throughout the Caribbean Sea. This species utilizes reef and seagrass habitats 
from 2-20 m depth. It inhabtts clear coral and algal-rich reefs. It is sollary or in small groups and 
feeds on algae. Juveniles are often found in seagrass beds (McEachran and Fechhelm 2005). 
Juvenile redband parrotfisll are herbivores, feeding on benthic algae and seagrasses. Adult 
diets are very similar, but adult Redband Parrotfish have been known to eat coral polyps 
(McEachran and Fechhelm 2005). There is limited infonnation in Ille literature regarding mobility 
of Redband Parrotfish. They probably remain close to their hOme territory, especially during the 
spawninQ season. BoschunQ (1983) states that they stay between 2-20 m depth because of 
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their lack of ability to swim in strong currents. Redband Parrotfish are protogynous 
hermaphrodites. They are thought to be pair spawners but also form harems With one dominant 
male and several smaller females (Robertson and Warner 1978; Allsop and West 2003). 
Breeding may occur year round, usually in the morning hours. Fertilization is external into the 
water column, With eggs ana sperm released in an upward rush. Eggs are approximately 1 mm 
in diameter and buoyant. Larvae hatch after 25 hours. There is very l mited information available 
about early life history or settlement. It is likely that larvae rely on passive tidal transport to drift 
into tile insllOre seagrass areas utilized as nursery areas. Redband Parrotfish are a 
suotrop1ca1ttrop1ca1 species, occurring 1n temperatures or 2&-2e·c (Flsllbase). wnue 111e1r 
herbivory makes it unlikely 111at the species will suffer indirect effects from prey being affected by 
increasing ocean acidification, Redband Parrotfish could be impacted by ocean acidification 
effects on tneir coral reef habitat. There is no information available about tile rate of population 
growth or stock productivity of Redband Parrotfish. Redband Parrotfish are not assessed, nor is 
there any information available about population structure. While they are included in artisanal 
fisheries, they are not a major target and are considered a species of least concern by the 
IUCN. Potential stressors for Redband Parrotfish include possible ocean acidification and coral 
bleaching and predation by lionfish on juveniles. 
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Red Drum - Sciaenops ocel/atus 

Overall Vulnerability Rank = High D 

Biological Sensitivity = Moderate D 
Climate Exposure = Very High ■ 

Data Quality = 100% of scores~ 2 
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Red Drum ( Sciaenops ocel/atus) 

Overall Climate Vulnerability Rank: High. (73% bootstrap results in High, 27% bootstrap results 
in Very High). 

Climate Exposure: Very Higi. Four exposure factors contributed to lllis score: Salinity (3.9), 
Ocean Acidification (4.0), Air Temperature (4.0), and Sea Level Rise (3.6). Exposure to all 
factors occurs during Ille life stages. Red Drum are estuarine dependent marine fish usually 
found in nearshore coastal waters. Adults tend to aggregate in large schools that tend to stay 
close to the surface (Powers et al. 2012). 

Biological Sensitivity: Moderate. Three sensitivity attributes scored~ 2.5: Spawning Cycle (3.0), 
Population Growth Rate (3.0), and Early Life History Settlement and Survival Requirements 
(2.6). Red Drum are a long~ived, relatively late maturing fish (Wenner 2000) With a discrete 
spawning period (Ross et al. 1995). 

Distributional Vulnerability Rank: High. Three attributes indicated a high potential for distribution 
shift: Red Drum are highly mobile adults with a habitat generalist habit, and moderately to highly 
widespread dispersal of early life stages. 

rnrectjonal Effect on the southeast u s Shelf: The effect of climate change on Red Drum on Ille 
Southeast U.S. Shelf is estimated to be positive. Wanming temperatt.res would reduce 
overwinter mortality and potentially increase recruitment, as well as allow more habitat to 
become thermally available to Red Drum in northern areas. Increasing Ocean Acidification will 
likely have an effect on Red Drum. 

Data Quality: 100% of the data quality scores were 2 or greater. 

Climate Effects on Abundance and Distribution: There have been limited studies of potential 
climate effects on Red Drum distribution. Productivity is likely related to climate. Severe winters 
may cause high mortality of young-of-year Red Drum independent of body size (Anderson and 
Scharf 2012), whereas smaller young-of-Ille-year are more susceptible to mortality during 
moderate winters. Rooker et al. (1998) found that predation on young-of-the-year Red Drum 
was lower in vegetated compared to non-vegetated habitats suggesijng potential susceptibility 
to sea-level rise and loss of vegetated habitats in estuaries and coastal areas. Red Drum diet 
consists largely of blue crabs and penaeid shrimp in addition to menhaden (Scharf and Schlict 
2000), thus the species will likely be affected by Ocean Acidification. 

Life History Synopsis: Red Drum is a large coastal and estuarine-associated fish distributed in 
the western Atlantic from Delaware south along the U.S. coast, throtghout the entire Gulf of 
Mexico from Florida Bay to Veracruz, Mexico (R. Robertson pers. comm. 2014). Juveniles are 
dependent on estuarine nursery habitats and inlets up until about age five, and are vulnerable to 
pollution and other environmental disturbances during the estuarine phase (Peters and 
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McMichael 1987). Adults are habitat generalists, utilizing nearshore coastal waters, inlets near 
barrier islands, and estuaries for spawning in both the Gulf of Mexico and North Carolina 
waters. This species occurs over sand and sandy mud bottoms and is abundant in the surf 
zones off Cape Hatteras (North Carolina) and Texas during seasonal migrations. II aggregates 
in large schools that tend to stay close to the surface (Powers et al. 2012). Adults tagged off 
North Carolina moved through inlets into Pamlico Sound in spring/summer months and moved 
out of inlets into coastal waters in the fall. Adults utilize these nearshOre or estuarine areas, 
often with seagrass beds, for foraging, but tend to move out into preferred deeper water for 
spawning. Juvenues reed on zoopIan1<ton and Inverte1Jrates sucn as small craos ano snrrmp 
(Chao 2002). With growth, the diet expands to include fish and larger invertelJrates. Adults 
preferentially utilize deeper water at night and gradually move into adjacent shallow seagrass 
habitats after sunrise, likely for foraging. It is an aggressive, opportunistic ambush predator with 
a diet consisting mostly of blue crabs ( Callinectes sapidus) as well as penaeid shrimp and some 
benthic fishes. Red Drum are highly mobile, performing age-dependent migrations with a high 
rate of (primarily southward) movement by age 1 during fall months within the Pamlico Sound 
estuary of North Carolina. Most age 3 indiViduals move from the estuaries to offshore areas 
(Brogan 2010), and North Carolina is the most significant northern overwintering grounds for 
subadults on the Atlantic coast (Bacheler et al. 2009). Spawning adults return to natal estuaries 
between mid August through late November and form aggregations near bay mouths or inlets 
and over nearshore continental shelf waters (Bacheler et al. 2009, Flaherty and Landsberg 
2011 ). Red Orum are gonochoristic and spawn in coastal waters near inlets and passes, 
allowing the eggs to be transported on currents into estuarine nurser{ areas.Tidal flows and 
nonlocal forcing mechanisms were responsible for movement of sciaenid larvae through tidal 
inlets and channels in North Carolina. USA (Pietrafesa & Janowitz 1988). Ross et al. (1995) 
found that Red Orum spawning occurred in both nearshore coastal waters close to inlets as well 
as in Pamlico Sound. Timing of peak spawning was August-October. Spawning appears to be 
temperature dependent, with spawning occurring between 22-30°C, with 22-25°C the optimal 
range, and a South Carolina study confirmed that spawning occurred as temperature dropped 
below 30•c in August (Renkas 201 0). Eggs and larvae are pelagic, postlarvae spend 20 days in 
the water column before becoming demersal. Settlement of larvae in!o seagrass habitat begins 
between 15-20 mm total length (Rooker and Holl 1997). Red Drum nave a temperate to tropical 
distribution, preferring a fai~y discrete and warm temperature regime. rishbase lists its 
preferred range as from 15.5-27"C, with a mean occurrence of 24 •c. Red Drum are very likely to 
be affected by increased ooean acidification because invertebrates such as blue crab comprise 
a large part of the diet of adults, and juveniles prey on penaeid shrimp and other species of 
crabs as well . Population growth rate is moderately slow based on a high maximum age (i.e., 62 
years; SEDAR 2015), large maximum body size (>1.5m). high age at maturity (4-5 years, 
Wenner 2000), a low vulnerability growth coefficient value of 0.25-0.29 (SEDAR 2015), and a 
moderate to very high level of vulnerability imparted by the natural mortality rate of 0.47 for fish 
< age-6 and 0.18 for fish> age-6. The sum of these characteristics could make populations of 
Red Orum slower to rebound from deleterious effects of a changing climate. A recent Atlantic 
red drum stock assessment concluded that B.,./MSST = 0.25, indicating that Red Orum in the 
Atlantic are overfished (SEDAR 2015). The genetic variation doesn't appear to be compromised 
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based on large variations in reproductive success. While earlier studies showed little to no 
structure in Atlantic populations of Rea Orum, more recent studies show genetic differentiation 
does exist between NC and locations south of NC during spawning season, but mixing of adults 

does occur outside of the temporal spawning period (Chapman et al. 2002; Seyoum et al 2000; 
Cushman et al. 2014). Red Drum are highly estuary dependent and !hus very susceptible to 

anthropocentric changes to this habitat, either directly (habitat alteration) or indirectly (climate 
induced). Most estuaries suffer from development-related pollution issues. There is no evidence 
of effects of red tide on Atlantic Red Drum, but recent red tides in the Gulf of Mexico have 
arrectea rea arum popuIauons. There Is also no reporting or 11onnsn preaatIon on rea arum 
juveniles. but lionfish have shown a broad tolerance for salinity and temperature fluctuations 

often seen in estuaries, and have in fact successfully invaded some Florida estuaries (Jud et al. 
2011, 2015), so lionfish predation on early life stages of Red Orum is likely just a matter of time. 
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Red Grouper - Epinephe/us morio 
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Red grouper (Epinephe/us morio) 

oyerau Climate vu1nerabilit( Rank: very High. (100% bootstrap resuts in very High). 

Climate Exposure: Very High. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (3.9). Red Grouper is an offshore 
marine species that is also found in seagrass beds and on inshore reefs as juveniles. 

Biological Sensitivity: High. Three sensitivity attributes scored ~ 3.0: Population Growth Rate 
(3.4). Stock Size/Status (4.0), and Other Stressors (3.1). Red Grouper is a slow growing, 
long-lives species considered overfished in a recent stock assessment, and the species may be 
impacted by coastal development and harmful algal blooms. 

Distributional Vulnerability Rank: Moderate. Two attributes indicated moderate potential for 
distribution shift: adult mobility and early life stage dispersal. Red Grouper, while found in 
seagrass beds as juveniles, tend to prefer more rocky or hard substrate habitat as adults (Moe 
1969). 

Directional Effect on the Southeast U.S. Shelt The effect of climate change on Red Grouper on 
the Southeast U.S. Shelf is estimated to be neutral (with the expert scores equally distributed 
between the three categories). Warming seawater temperatures in the southeast may make 
nursery habitats less productive, although Red Grouper are not estuarine obligate. Adults in 
deeper water habitats are not expected to be greatly impacted by increasing temperatures . 
While Red Grouper do prey upon some crustaceans, they are opportunistic feeders and the 
effect of ocean acidification is expected to be minimal. 

Data Quality: 83% of the data quality scores were 2 or greater. Other Stressors and Early Life 
History Settlement and Survival Requirements were identified as attributes with low data quality. 

Climate Effects on Abundance and rnstrjbution: There are few references to effects of climate 
change on abundance and distribution of Red Grouper in the scientitc literature. Given their 
preferred temperature range, occurrence north of North Carolina is likely due to larval 
escapement via the Gulf Stream rather than from immigration of adults (Thompson and Munro 
1978), but future warming scenarios might lead to increasingly successful establishment in 
northern areas. Ocean Acidification may have substantial effects due to their reliance on 
crustaceans in juvenile diets (Moe 1969). 

Life History Synopsis: Red Grouper is a large-bodied grouper species distributed from North 
Carolina through southern Brazil, including Bermuda, throughout the Gulf of Mexico and 
Caribbean (FishBase.org). Small juveniles are occasionally found in shallow seagrass beds and 
inshore reefs, while larger juveniles are commonly found occupying ledges on rocky reef 
bottoms (Harter et al. 2008; Coleman and Koenig 2010). Adults prefer rocky bottom with ledges 
as well as artificial hard bottom like shipwrecks and are therefore generally considered to be 
reef-associated (Moe 1969). Juvenile diet consists mainly of demersal crustaceans while adults 
feed opportunistically on fishes, crustaceans such as portunid crabs, and mollusks such as 
squid and octopus (Longley and Hildebrand 1941, Moe 1969, Costello and Allen 1970). 
According to one tagging study, adult Red Grouper were capable of moving as far as 30km 
(Moe 1969), though information on this topic is scarce. Red Grouper spawn in relatively small 
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polygynous groups and do not appear to aggregate (Coleman et al. 1996). Sadovy et al. (1994) 
reported that Red Grouper aggregating behavior is similar to that of red hind (i.e., patchily 
distributed short term aggregations comprised primarily of older larger fish, with pair spawning in 
single male/multi female clusters. Spawning activity of red grouper has peaks in March and May 
in waters 19-21°C (Moe 1969; Johnson et al. 1998). Red Grouper are protogynous 
hermaphrodites, developing first as males and transitioning to females later (age at 50% 
maturity: 7 .2 years; Johnson et al. 1998; Burgos et al. 2007). Red Grouper eggs are pelagic, 
hatching approximately 30h after spawning. Fertilized eggs require high salinity (32ppt or 
hi!JhP.r) to maintain huoyanr.y I arvaP. arP. pP.lagir. for ~0-40 '1ays prior to sP.t!IP.mP.nt (I JnivP.rsity 
of Florida red grouper webpage). Red Grouper populations have maximum reported age of 29 
years and an associated natural mortality estimate of 0.14 (SEDAR 2017). Estimated intrinsic 
rate of population increase /or Red Grouper is 0.05-0.15 and the von Bertalanffy K is estimated 
as 0.213. Most of these values categorize red grouper as High or Very High Vulnerability. 

Literature cited: 

Burgos JM, Sedberry GR, Wyanski DM, Harris PJ. 2007. Life history of red grouper 
(Epinephelus morio) off the coasts of North Carolina and South Carolina. Bulletin of Marine 
Science, 80(1 ), pp.45-65. 

Coleman FC, Koenig CC, Collins LA. 1996. Reproductive styles of shallow-water groupers 
(Pisces: Serranidae) in the eastern Gulf of Mexico and the consequences of fishing spawning 
aggregations. Environmental Biology of Fishes 47(2): 129-141. 

Coleman FC, Koenig cc. 2010. The effects of fishing, climate change, and other anthropogenic 
disturbances on red grouper and other reef fishes in the Gulf of Mexico. Integrative and 
Comparative Biology 50: 201-212. 

Costello T J, Allen DM. 1970. Synopsis of biological data on the pink shrimp, Penaeus duorarum 
duorarum Burkenroad, 1939. FAO Fish. Rep. 57-4: 1499-1537. 

FishBase. Epinephelus mono, red grouper. Available: https:Jtwww.fishbase.se/summary/17 

Florida Museum red grouper webpage: 
https:/fwww.fforidamuseum.ufl.eduldiscover-fishlspecies-profiles/epinephelus-morio/ 

Harter S, David A, Ribera M. 2008. Survey of coral and fish assemblages on Pulley Ridge, SW 
Florida. NOAA Fisheries. Southeast Fisheries Science Center, Panama City, FL. 

Johnson AK, ThOmas P, Wi'son RR Jr. 1998. Seasonal cycles of gonadal development and 
plasma sex steroid levels in Epinephelus morio, a protogynous grouper in the eastern Gulf of 
Mexico .. Journal of Fish Biology, 52: 502--518. 

Longley WH, Hildebrand SF. 1941. Systematic catalogue of the fishes of Tortugas, Florida, with 
observations on colour, hat:its and local distributions. Carnegie Inst. Wash. Pap. Tortugas Lab. 
34. 331 pp. 

196 



 

277 
 

Moe MA. 1969. Biology of the Red grouper, Epinephelus morio (Valenciennes 1828), from the 
eastern Gulf of Mexico. Florida Department of Natural Resources Marine Research Laboratory, 
Professional Paper 1 o: 95p 

Sadovy Y, Rosario A, Roman A., 1994. Reproduction in an aggregating grouper. the red hind, 
Epinephelus guttatus. In Women in ichthyology: an anthology in honour of ET, Ro and Genie 
(pp. 269-286). Springer, Dordrecht 

SEDAR. 2017. SEDAR 53 - South Atlantic Red Grouper Assessment Report. SEDAR, North 
Char1eston SC. 159 pp. available online at: http://sedarweb.org/sedar 53 . 

Stevens MH, Smith SG, Ault JS. 2019. Life history demographic parameter synthesis for 
exploited Florida and Caribbean coral reef fishes. Fish and Fisheries20(6):1196-1217. Available 
at: https//doi.orgl10.1111/faf.12405 

197 



 

278 
 

Red Porgy - Pagrus pagrus 

Overall Vulnerability Rank = High D 

Biological Sensitivity = Moderate D 
Climate Exposure = Very High ■ 

Data Quality = 100% of scores~ 2 

Pagrus pagrus 

Habitat Specificity 

Prey Specificity 

Adult Mobility 

Oispersal of Early Life S1ages 

"' Early Life History Survival and Settlement Requirements ., 
E Complexity in Reproductive Strategy -s 
<i'. Spawning Cycle >, 

-~ 
:e Sensitivity to Temperature 
"' i Sensitivity to Ocean Acidification (/) 

Population Growth Rate 

Stod( Size/Status 

Other Stressors 

Sensitivity Score 
Sea Surface Temperature 

Air Temperature 

i Salinity 

if Precipitation 
! 
:, Ocean Acidific;1tion ~ 
0 
a. 

Sea L81181 Rise X 
w 

currents 

Exposure Score 
Overall Vulnerability Rank 

Attribute Data 
Mean Uuallty 

1.4 3 

1.2 3 

1.8 2.8 

1.7 2.8 

2.5 2.1 

1.7 2.9 

2.6 3 

1.3 3 

2 3 

2.2 2.9 

2.9 3 

1.5 2.3 

Moderate 
4 3 

1 0 

4 3 

1 0 

4 2 

1 0 

3.4 3 

Very High 
High 

Expert Scores Plots 
(tames oy tin) 

I 

r-7. 
~ 

' 

' 

-
I 

r7------, 

,-----, 

-I 

-n --I I 
iL 

r 7 
-

□Low 

□Moderate 
□High 

■Very High 

198 



 

279 
 

Red Porgy (Pagrus pagrus) 

Overall Climate Vulnerability Rank: High. (10% bootstrap results in Moderate, 90% bootstrap 
results in High). 

Climate Exposure: Very Higi. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (4.0). Red Porgy is a marine offshore 
species exposed to all three of these factors during their life stages. 

Biological Sensitivity: Moderate. Three sensitivity attributes scored~ 2.5: Spawning Cycle (2.6), 
Stock Size/Status (2.9) and Early Life History Settlement and Survival Requirements (2.5). Red 
Porgy have a short, discrete spawning season (Manooch 197Gb, Roumillat and Waltz 1993), 
and there is a paucity of information on IarvaI1uvenile requirements. The species is overfished 
and appears to suffer from poor recruitment, hindering stock rebuilding (SEDAR 2012). 

rnstrjbutjonal vu1nerabjljty Rank. High. Three attributes indicated high potential for distribution 
shift: adult mobility, widespread dispersal of early life stages, and low habitat specialization. 
Additionally, the species has a low sensitiVity to temperature change, which could allow a shift 
into areas With new thermal regimes. 

rnrectjonal Effect on the Southeast u s Shelf: The effect of climate change on Red Porgy on 
the Southeast U.S. Shelf is estimated to be neutral (the expert scores were equally split 
between the three categories). The species has a wide thermal tolerance and occupies a broad 
depth distribution and is not likely to be affected by rising sea surface temperatures initially. The 
effect of ocean acidification could be substantial, as Red Porgy predominantly consumes 
crustaceans and molluscs. 

Data aualjty: 100% of the data quality scores were 2 or greater. 

cumate Effects on Abundance and rnstrjbutjon: Both juvenile and adult Red Porgy are likely to 
be negatively impacted by increasing ocean acidification as their diels consist of a large amount 
of invertebrates (Manooch 1976a). 

Life History Synopsis: Red Porgy is a medium-sized (historically capable of attaining lengths to 
70 cm) reef-associated fish species widely distributed in the western Atlantic from the United 
States to Argentina, including the Gulf of Mexico but not the eastern Caribbean Sea (Hoese and 
Moore 1998). The species is also found in the eastern Atlantic and tne Mediterranean Sea (Ball 
et al. 2007). Juvenile Red Porgy inhabit low-profile rock, gravel or sand substrate, as well as 
seagrass beds. One study from Greece found few to no larger adult Red Porgy found on 
trawlable habitat, indicating as they grow and mature they move off to deeper, more structured 
habitat (Labroupoulou et al. 1999). Adults are commonly found over irregular and low-profile 
live hard bottoms at depths between about 20 and 250 m (most commonly < 100 m ). often 
associated with rock, rubble or sand substrata, over the continental shelf (Manooch and Hassler 
1978; Fischer et al. 1987). Small juveniles (46-64 mm) eat amphipocls, copepods, stomatopods 
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and annelid worms. Larger juveniles (130-162 mm) feed on foods similar to adult diets. 
predominantly crabs, but also mollusks, and echinoderms, with teleost fishes making up 15% of 
food volume in Red Porgy stomachs (Manooch 1976a). Adults are highly mobile yet exhibit high 
site fidelity once they recruit to a patch of habitat. Tagging studies have shown very little 
movement of adult Red Porgy (Manooch and Hassler 1978). Red porgy eggs and larvae are 
pelagic for a number of days, thus their distribution is influenced by currents and winds. Larvae 
complete yolk absorption 4 days post-hatch, and complete digestion of the oil globule after 7 
days. Transformation from larvae to juvenile occurs between days 23-32 post hatch, at a mean 
s!Ze or ·12.1 mm TL. RanzI (1969) rererred to vertical m1grat1on or Iarva1 ana postIarvaI pnases or 
Red Porgy: "All of these stages [<10 mm] can be fished in the deep plankton but at 10 mm 
Pagrus comes to the surface." He noted a shift from planktonic to benthic existence at lengths 
above 20 mm. It is highly probable that young Red Porgy are distributed inshore of adult 
populations. Manooch (1975) reported young-of-year trawled from 9 m off Charleston, S.C. 
Even though they may occur inshore as juveniles, adverse conditions of low water temperature, 
competitive exclusion, and unsuitable substrate reduce the longeVity of this inshore distribution. 
Not only are eggs and larvae transported inshore by Ekman transport. but they are probably 
transported for relatively long distances. Limited information is available on early life history and 
settlement requirements. Egg quality is dependent on a narrow temperature range 
(temperatures >14.5°C affected egg diameter), and this is likely true for larvae/juveniles as well 
(larvae usually found inshore of adult fish, but these fish likely move farther offshore as soon as 
they are able) (Mihelakakis et al. 2001; Manooch and Hassler 1978). There is no information 
about potential mismatches of spawning time and availability of larval food. The species' high 
fecundity might potentially offset predation on early life stages (for example, juvenile Red Porgy 
are likely susceptible to lionfish predation in co-occurring habitats). Red Porgy are a 
protogynous hermaphrodite. Female Red Porgy in the South Atlantic Bight mature at sizes 50 
mm larger than these found in the Gulf of Mexico (Harris and McGovern 1997. De Vries 2005). 
Females mature at age-1 or age-2, at approximately 300 mm TL. Red Porgy off the Carolinas 
were found to spawn January-April, with peak GSI occurring in January and highest proportion 
of ripe fish found January-March (Manooch 1976b ). This agrees well with a South Carolina 
study that found peak number of hydrated oocytes in January-February (Roumillat and Waltz 
1993). There is no evidence of large, predictable spawning aggregations. Histological evidence 
shows that Red Porgy spawn wherever mature individuals occur (Devries 2005). Oottom 
temperatures during the spawning period for fish from North and South Carolina ranged from 
16.4°C to 21.5°C (winter-early spring temperatures) (Manooch 1976b). Fishbase reports a 
preferred temperature range for Red Porgy of 15.8 - 27.8°C, mean 24.1°C. The species is found 
from 0-250 m. and most frequently utilizes depths from 10-80 m (Carpenter 2002). Red Porgy 
are likely to be impacted by increasing ocean acidification, in large part due to reliance on 
obligate benthic animals such as crabs (majids, portunids, calappids), mollusks, and 
echinoderms in their diet. Juveniles between 130-160 mm had diets similar to adults (Manooch 
1976a). Red Porgy have a moderate population growth rate, including a longevity of 18 years 
(Potts and Manooch 2002), a natural mortality rate of 0.22 (SEDAR 2012), a von Bertalanffy 
growth coefficient of 0.28 (Harris and McGovern 1997), and a maximum body size of 700+ mm. 
although most fish currently landed are <550 mm. A 2012 SEDAR stock assessment update 
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found SSB.,_.,JSSBMSY = 0.47, indicating the stock was overfished, while F .,_.,JFMSY = 0.64, 
indicating the stock was not undergoing overfishing (SEDAR 2012). This assessment concluded 
that rebuilding is not occurmg as expected due to poor recruitment; a new updated assessment 

is due to be released in the spring of 2020. Otller stressors affecting Red Porgy include lionfish 
predation on juveniles/subadults (Peake et al. 2018). 
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Red Snapper - Luljanus campechanus 

Overall Vulnerability Rank = High D 

Biological Sensitivity = Moderate D 
Climate Exposure = Very High ■ 
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Red Snapper (Lutjanus campechanus) 

Overall Climate Vulnerability Rank: High. (3% bootstrap results in Moderate, 87% bootstrap 
results in High, 10% bootstrap results in Very High. 

Climate Exposure: Very Higi. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (3.9). Exposure to all three factors 
occurs <lUring the life stages. Red Snapper are found in continental Sllelf habitats during all life 
stages. 

Biological Sensitivity: Moderate. Two sensitivity attributes scored above 2.5: Stock Size/Status 
(3.5) and Population Growth Rate (2.8). Red Snapper are long-lived, have a slow population 
growth rate and are currently overfished and undergoing overfishing. 

Distributional Vulnerability Rank: High. Three attributes indicated high potential for distribution 
shift: high adult mobility, widespread dispersal of earty life stages, and to a lesser degree, 
relatively low habitat specialiZation. While smaller, post-juvenile fish are structure-oriented, 
larger and older adults may become independent of this structure association and occur over 
the open continental shelf, as is reported for Red Snapper in the Gulf of Mexico (Galloway et al. 
2009). 

Directional Effect on the Southeast U.S. Shelf: The effect of climate change on Red Snapper on 
the Southeast U.S. Shelf is estimated to be positive. Red Snapper have fairly robust thermal 
tolerances and will likely not be affected by near-term warming. Ocean acidification may have 
some minor effects on juveniles but Red Snapper quickly become more piscivorous as they 
grow. There is little evidence to suggest an overall negative directional effect of climate change 
on Red Snapper. 

Data Quality: 83% of the data quality scores were 2 or greater. The sensitivity attribute Other 
Stressors was scored as data-deficient but was not scored as highly sensitive, despite a lack of 
information about the effect of other stressors on the species. 

Climate Effects on Abundance and rnstrjbution: Effects of changing climate on Red snapper are 
likely to be minimal. The species has a fairly robust temperature range, and moderate 
temperature increases will not likely inhibit either distribution or fitness (the species is mobile 
and does have the ability to seek out deeper. cooler waters if necessary). Potential negative 
effects of ocean acidification on crustaceans occuring in Red Snapper diets should be offset by 
their opportunistic and generalist feeding habits. Potential disruption of oceanic circulation 
patterns could affect the transport of larvae to appropriate settlement habitats. 

Life History Synopsis: Red Snapper is a large reef-associated fish species found in continental 
shelf waters from Cape Hatteras, North Carolina. to the Yucatan Perinsula (Hoese and Moore 
1998). Juvenile Red Snapper are found on open to low-relief natural and artificial reefs 
nearshore, whereas adult Red Snapper can be found on similar habitat types but across a much 
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wider variety of depths (Galloway et al. 2009; Mitchell et al. 2014). Red Snapper are generalist 
predators and undergo ontogenetic shifts from eating zooplankton, mysids, and squid as 
juveniles to benthic crustaceans, cephalopods, and fishes as adults (Wells et al. 2008). Adults 
can be highly mobile yet show high site fidelity in some places (Galloway et al. 2009; 
Williams-Grove and Szedlmayer 2016), often loosely aggregating with conspecifics. Red 
Snapper have minimally complex reproduction and are thought to spawn around natural and 
artificial habitats throughout their geographic range in summer months (Farmer et al. 2017). 
Red Snapper are gonochoristic and batch spawners, and the spawning season occurs from 
May to October, wIm a peaK trom June - septemoer (Wnite ano Palmer 2004). Eggs natcn 
approximately one day after fertilization and the resulting larvae drift in currents up to hundreds 
of kilometers until settlement in nearshore benthic habitats approximately 20-30 days after 
hatching (Jonnson et al. 2009). Gulf Stream currents presumably aid larval Red Snapper 
transport along the southeast US Atlantic coast. but settlement locations are poorly known, as 
are the locations of small juveniles in the region (Rindone et al. 2015). Red Snapper occurs 
across a fairly wide range a temperatures within their geographic distribution, from 
approximately 19 to 29°C (Allen 1985). Red Snapper may be somewhat affected by increased 
ocean acidification because they prey upon some invertebrate species that may themselves be 
sensitive to ocean acidifica~on. Red Snapper nave a slow population growth rate, including an 
old maximum age (51 years; Anderson et al. 2015), low natural mortality rate, and large 
maximum body size (SEDAR 2017). Red Snapper are overfished in the South Atlantic region, 
with spawning stock biomass values of -0.2 compared to historical values, and overfishing 
appears to be ongoing (F/F30% = 2.7; SEDAR 2017). Moreover, there appears to be some 
genetic differentiation between Gulf of Mexico and Atlantic populations of Red Snapper 
(Hollenbeck et al. 2015). Other potential stressors for Red Snapper include possible coral 
bleaching, temperate reef degradation. and lionfish predation. 
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Rock Shrimp - Sicyonia brevirostris 
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Rock Shrimp ( Sicyonia brevirostris) 

Overall Climate Vulnerability Rank: High. (2% bootstrap results in Moderate, 98% bootstrap 
results in High). 

Climate Exposure: Very Higi. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (3.9). Exposure to all three factors 
occurs during the life stages. 

Biological Sensitivity: Moderate. Three sensitivity attributes scored~ 2.5: Adult Mobility (2.6), 
Habitat Specificity (2.6) and Sensitivity to Ocean Acidification (3.4). Rock Shrimp inhabit a very 
specific type of offshore shelf habitat and, while mobile, remain close to this substrate. often 
burrowing into ii during dayight hours (Cobb et al. 1973). 

Distributional Vulnerability Rank: Low. Three attributes indicated low potential for distribution 
shift: limited adult mobility (behaviorally-mediated), limited ear1y life stage dispersal (Kennedy et 
al. 1977 reported that shelf currents retained larvae on the shelf), and high habitat specialization 
(Taylor 1979). 

Directional Effect on the Southeast U.S. Shelf: The effect of climate change on Rock Shrimp is 
estimated to be negative. Cook and Murphy (1965) reported that larvae raised under laboratory 
conditions were killed at salinities above 35 ppt. Increasing ocean acidification could affect 
fitness and survival both directly through shell formation (Mustafa et al. 2015) as well as 
indirectly through diet (reliance on crustaceans and molluscs). Changes to existing oceanic 
currents could impact successful recruitment of Rock Shrimp to suitable nursery habitat. 

Data Quality: 75% of the data quality scores were 2 or greater. Early Life History Settlement and 
Survival Requirements was identified as a data-deficient attribute that also scored as 
moderately sensitive. 

Climate Effects on Abundance and Distribution: There have been no directed studies on climate 
effects on abundance and distribution of Rock Shrimp. Potential impacts could include negative 
effects of Ocean Acidification on both shell formation as well as indirect effects on the 
invertebrates they consume (molluscs, crustaceans). They are found to occur in a fair1y narrow 
temperature range (Kennedy et al. 1977), and Cook and Murphy (1965), in laboratory studies, 
found that larvae were killed at salinities above 35 ppl, or below 27 ppt. 

Ljfe Hjstory synopsjs: Rock Shrimp occurs in the Western Atlantic from Virginia south along the 
Atlantic coast to Florida, induding the Bahamas and Cuba, and the Gulf of Mexico to the 
Yucatan. Centers of abundance include the waters off Cape Lookout, Nor1h Carolina and Cape 
Canaveral, Florida. Rock Shrimp preferred habitat is quartz and shell sand substrate of fine to 
medium grain, usually found between 18-73 m, with highest densities found between 34-55 m 
(Hill 2005). Trawl surveys in North Carolina have found them in depths to 181 m, in similar 
habitat to that described above (Taylor 1979). Diet of Rock Shrimp consists mainly of mollusks, 
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crustaceans and polycllaete wonns, with nematodes and foraminiferans comprising a smaller 
portion. Gut content analysis found ostracods, ampllipods and decapods as primary 
components. witll tanaidaceans. isopods, cumaceans. gastropods and other bivalves present 
(Kennedy et al. 1977). Tllere is no distinction made in tile literature between juvenile and adult 
diet. Rock Sllrimp tend to stay close to substrate and are nocturnally active, tending to burrow 
into substrate during daylight !lours (Cobb et at. 1973). Spawning occurs year-round with peaks 
in November and January (Kennedy et al. 1977). There is no indication tile species uses 
spawning aggregations; copulation occurs between individuals, with external fertiliZation 
(Kenneay et al. 1977). spawning naoItat Is on me cont1nentaI sneIr. In mIa- to aeepwater snen 
hash llabitat. Wllile temperature was not found to be an important cue for initiating spawning, it 
was found to trigger ovarian development to more mature stages. Kennedy et al. (1977) found 
that a water temperature increase off Cape Canaveral FL between August and October led to 
an increase in tile percentage of mature females in the population, and tllat lligll lunar light 
intensity stimulated spawning, with a lligher percentage of spawning females found on the full 
moon. Eggs hatcll within 24 !lours. Lab rearing experiments found a development time of 29 
days from nauplius to post-larva. and an additional 30-60 days to tile juvenile stage (Cook and 
Murplly 1965). Kennedy et at (1977) report tllat shelf currents near Cape Canaveral retained 
larvae and recruits on tile Florida slletf and might transport them inshore in springtime, altllough 
the species is not an obligate estuarine user. Kennedy et al. (1977) found Rock Sllrimp in 
temperatures from 18-27"C off tile east coast of Florida. Taylor (1979), in an exploratory trawling 
survey off North Carolina, found Rock Shrimp in temperatures from 21-24°C. They are a benthic 
animal and do not generally utilize tile water column. Rock Shrimp will likely be impacted by 
ocean acidification as tlley utilize molluscs and crustaceans as primary diet items. and they are 
not known as diet generalists. able to switcll to other items. There is little infonnation in the 
literature witll wllich to estimate the population growth rate of Rock Shrimp. They are lligllly 
productive, with population siZes varying annually based on environmental conditions, and they 
have a small maximum size, a rapid maturation life history characteristic, and a short longevity. 
Based on these characteristics tile species likely has a fairly rapid population growtll rate and 
would respond quickly to population disturbances. Rock Sllrimp are not currently undergoing 
overfishing (NMFS 2017), bUI tllere was not enougll information available to estimate B/BMSY. 
No infonnation was found in the literature on genetic stock structure. Rock Shrimp have an 
entirely oceanic (non-estuarine) life history, living offshore beyond me range of most immediate 
antllropogenic impacts. Tile primary stressor on rock shrimp populations is likely fishing 
pressure, although lionfish predation cannot be ruled out as impacting rock shrimp populations. 
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Sandbar Shark - Carcharhinus plumbeus 

Overall Vulnerability Rank = High D 

Biological Sensitivity = Moderate D 
Climate Exposure = Very High ■ 

Data Quality = 100% of scores~ 2 
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Sandbar Shark ( Carcharinus ptumbeus) 

Overall Climate Vulnerability Rank: High. (1% bootstrap results in Moderate, 89% bootstrap 
results in High, 10% bootstrap results in Very High. 

Climate Exposure: Very Higi. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (3.9). Exposure to all three factors 
occurs during the life stages. Sandbar Sharks occupy both coastal and offshOre waters of the 
western Atlantic. where they are exposed to these factors. 

Biological Sensitivity: Moderate. Two sensitivity attributes scored ~ 2.5: Population Growth Rate 
(3.6) and Stock Size/Status (2.8). Sandbar Sharks are a long-lived elasmobranch (31 years) 
with a delayed age at maturity (13-16 years: Lawler 1976). The annual intrinsic rate of 
population increase can vary from 2.5% to 11.9% (Sminkey 1994, Sminkey and Musick 1995b); 
McAuley et al. (2005) estimated a rate of increase of 2.5% for Western Australian Sandbar 
Sharks in the absence of fishing. The species was determined to be overfished in the southeast 
United States by a recent stock assessment (SEDAR 2017). 

rnstrjbutjonal YYloerabmty Rank: High. sandbar Sharks are habitat generalists that are highly 
mobile, have free swimming, dispersive early life stages, and enjoy a relatively wide 
temperature tolerance (Musick et al. 2009). 

Directional Effect on the Southeast U.S. Shelf: The directional effect of climate change on 
Sandbar Shark is estimated to be neutral. The species enjoys a tropical-warm temperate 
distribution. There is very little information suggesting either negative or positive effects of 
climate change. 

pata Quality: 100% of the data quality scores were 2 or greater. 

Climate Effects on Abundance and Distribution: While fishing pressure is the greatest threat to 
Sandbar Shark populations. climate stressors will likely make ii more difficult for recovery from 
population disturbances caused by overfishing. Some effects of increasing Ocean Acidification 
are possible, as juvenile Sandbar Shark include a variety of crustaceans in their diets. 

Ljfe Hjstory Synoosjs: Sandbar Shark enjoys a wide distribution, found in the tropical/temperate 
offshOre waters of the western Atlantic from Massachusetts to Florida, through the Gulf of 
Mexico and Yucatan, and including the Bahamas and Cuba, and to Argentina. The species 
occurs in coastal areas (associated with sandy/muddy flats, bays, estuaries. and harbors), as 
well as offshOre areas near topographic features (e.g. banks. near islands, flat reefs). Juveniles 
tend to occur in offshOre waters as well as in bays and shallow coastal areas (potential 
nurseries). Sandbar Sharks are diet generalists, with neonates feeding on crabs and other large 
crustaceans; teleost fishes make up an increasing proportion of diet with increasing age (Ellis 
and Musick 2007; Medved et al. 1985)). Adults feed on a diverse array of teleosts. rajiids. and 
cephalopods (Stevens and MclouQhlin 1991; Stillwell and Kohler 1993). Sandbar Sharks are 
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highly mobile, wtth a tagging study finding one individual moving 3000 km (Kohler and Turner 
2001 ). The species is not limited in its mobility either behaviorally or physically. This species is 
viViparous with a yolk sac placenta. Gestation has been estimated at9-12 months in the 

Northwest and Western Central Atlantic (Springer 1960, Colvocoresses and Musick 1989), with 
an average litter size of 9 pups per female. Sandbar shark females only give birth every 2.5 

years, and pupping is thought to occur in summer months. Sandbar Sharks are found in a range 
of temperatures, from 16-30°C, with a mean preferred temperature of 27°C (Fishbase.org). 
Juveniles tend to occur in offshOre temperate waters. while larger sharks mainly occur in tropical 
waters (McAuIey et al. 2005). increasing ocean acIamca11on may poten11a11y arrect young 
Sandbar Sharks, which feed on crabs and other crustaceans, but they likely are able to switch 

to other diet items if necessary. Sandbar Sharks exhibit a slow population growth rate (2-12%, 
Sminkey 1994), and life history characteristics of a moderately old maximum age 31 years 
(Andrews et al. 2011), a large maximum length, an age at maturity of 13-16 years (Sminkey and 

Musick 1995b), a low fecunatty and a low growth coefficient (k = 0.0~0.09: Hale and Barramore 
2013, Sminkey and Musick 1995a). Given these characteristics, the species is considered 

vulnerable to recovery from population depletions such as overfishing. SEDAR 54 found 

SSF201sfSSFMSY ranged frorn 0.61-0.58 for different model runs, indicating the stock was 
overfished (SEDAR 2017). F2111sfFMSv ranged from 0.71-0.85, indicating the stock was not 
currently undergoing overfishing. IUCN lists the species as vulnerable to overfishing. There was 
no evidence that genetic variation has been compromised (Musick et al. 2009). Fishing pressure 
remains the most concerning stressor. Temperature does not appear to impact post-release 
mortality (e.g. in bycatch scenarios). There is also some concern about anthropocentric impacts 
(development, pollution) on potential estuarine nursery areas which might be used by some 

neonates and juveniles. 
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Sand Tiger Shark - Carcharias taurus 
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Sand Tiger Shark ( Carcharius taurus) 

Overall Climate Vulnerability Rank: High. (3% bootstrap results in Moderate, 87% bootstrap 
results in High, 10% bootstrap results in Very High). 

Climate Exposure: Very Higi. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (3.9). Exposure to all three factors 
occurs during the life stages. Sand Tiger Sharks are found in coastal waters and estuaries. 

Biological Sensitivity: Moderate. Three sensitivity attributes scored~ 2.5: Spawning Cycle (2.8), 
Population Growth Rate (3.6), and Stock Size/Status (2.5). Sand Tiger Sharks are a long-lived. 
slow-growing and late-maturing (age-6 for males, age-9 for females; Carlson et al. 2008) 
elasmobranch with a limited spawning season (once a year. for 3-4 months) (Castro 2011 ). 

Distributional Vulnerability Rank: High. Three attributes indicated high potential for distribution 
shift: high adult mobility and widespread dispersal of early life stages, and a low degree of 
habitat specialization within preferred temperature preferences (Mccandless et al. 2007). 

Directional Effect on the Southeast U.S. Shelf: The directional effect of climate change on Sand 
Tiger Shark is estimated to be neutral. Sand Tigers are mobile sharks with a subtropical-warm 
temperate distribution. There is very little information available that suggests either negative or 
positive effects of climate change. 

Data Quality: 92% of the data quality scores were 2 or greater. Stock Size/Status, an attribute 
scored as moderate sensitivity, was judged to be data-deficient. This is likely due to lack of 
biomass estimates, as the species has not been assessed by the SEDAR process. 

Climate Effects on Abundance and pjstrjbutjon There are no studies on the effects of climate 
change on Sand Tiger Sharl<. They consume shelled invertebrates, but are likely able to switch 
prey types opportunistically, so there would likely be a minimal effect of Ocean Acidification. 
Estuarine areas used as nursery habitat will possibly be affected by Sea Level Rise as well as 
rising Sea Surface Temperature. 

Life History Synopsis: The Sand Tiger Shark is a large coastal shark species found in 
continental shelf waters of the U. S. Atlantic Ocean from Maine to Florida and throughout the 
northern Gulf of Mexico (Compagno 1984). Juvenile Sand Tigers use shallow (<15 m) estuarine 
nursery areas during summer months. Within estuaries the species are habitat generalists, with 
preferred temperatures ranging from 19-27°C, and salinity values >22 ppt (McCandless et al. 
2007). Adult Sand Tiger Sharks inhabit coastal, demersal waters, usually <25 m, and are often 
found near deep sandy-bottomed low areas or rocky caves, usually in the vicinity of inshOre 
rocky reefs and islands, as well as shipwrecks. They are less frequently found in deeper depths, 
out to 200 m, on the continental shelf. They usually live near the bottom, but may also move 
throughout the water column (Compagno 1984). Juvenile Sand Tiger Sharks are opportunistic 
omnivores, feedinQ on Summer Flounder, skates, clupeids, Goosefish, sea robin, Scup, 
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Bluefish, Butterfish, eels, and some invertebrates - lobsters, crabs, and squids. Adults have a 
similar diet, but size classes of prey increase with shark size, and adults are Jess reliant on 
estuarine prey species (Collette and Klein-MacPhee 2002; Castro 2011 ). Adult Sand Tiger 
Sharks can be highly mobile. Bigelow and Schroeder (1953) reported northward movements 
along the Atlantic coast as far as the Gulf of Maine, with a return south in the fall . Kohler et al. 
(1998) reported one individual moving a distance of 641 nautical miles, and also observed 
seasonal movements up anel down the Atlantic coast from tagging data. Sand liger Sharks are 
ovoviviparous, with intrauterine cannibalism (adelphOphagy followed by oophagy), so that 
eventually a sIngIe emoryo aeveIops per pregnant remaIe (Canson ei al. 2008). sana Tigers 
mature late. with females maturing at age-9 and males at age-6. Recent data and observations 
indicate a reproductive periodicity of every two years. The gestation period is 9-12 months. 
Sana liger Sharks have an estimated size at birth of 95-1 oo cm. Sand Tiger Sharks are found 
in temperatures from 12-29'C but prefer temperate/subtropical waters, with the mean observed 
occurrence at 24.5°C (Fishbase). They begin to return from the northernmost point of their 
migrations in the fall When seawater temperature begins to decrease. Sand liger Sharks may 
be slightly affected by increased ocean acidification because they prey upon some invertebrate 
species that may themselves be sensitive to ocean acidification. As they increase in size, 
however, they likely can switch to a more teleost-dominated diet. Sand liger Sharks have a 
slow maximum intrinsic rate of increase, based on an old maximum age, low natural mortality 
rate, a low growth coefficient, a low intrinsic rate of population increase, a very large maximum 
body size, and a late age-at-maturity (Carlson et al. 2008). These life history characteristics 
would make it difficult for the species to recover successfully from population depletion. Sand 
Tiger Sharks have not been officially assessed via the SEDAR assessment process. However, 
they have been prohibited in commercial and recreational catches since 2001 . Cortes et al. 
(2008) observed that even though the stock productivity was low, the species exhibited low 
susceptibility to Jongline fislleries. and Carlson et al. (2008) stated after examining trends in size 
that Sand Tigers were not heavily exploited, and that average size has remained stable over a 
long time series. They conduded based on these data that a listing of species of concern was 
unwarranted. There is no information available on stock structure in Sand liger Sharks. Other 
potential stressors for Sand Tiger Sharks include human impacts to estuarine areas used as 
nursery areas. 
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Scamp Grouper - Mycteroperca phenax 
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Scamp (Mycteroperca phenax) 

Overall Climate Vulnerability Rank: Very High. (8% bootstrap results in High, 92% bootstrap 
results in Very High). 

Climate Exposure: Very High. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (3.9). Exposure to all three factors 
occurs during the life stages. 

Biological Sensitivity: High. Five sensitivity attributes scored ~ 3.0: Habitat Specificity (3.0), 
Population Growth Rate (3.0), SensitiVity to Temperature (3.0), Stock Size/Status (3.0) and 
Other Stressors (3.1 ). Scamp prefer specific habitat types and could be moderately affected by 
Ocean Acidification due to inclusion of crustaceans in their diet. The species has a slow 
Population Growth Rate, and even though scamp matured by age-3, transition from female to 
male did not occur until between age-7 and age-11 (Lombardi-Carlsen et al. 2012). 

Distributional Vulnerability Rank: Moderate. Scamp have a moderate potential for distribution 
shift based on high adult mobility (tagging studies, Wilson and Bums 1996) and widespread 
dispersal of early life stages, but tempered by specific habitat preferences (rocky ledges or 
pinnacles of high relief: Koenig et al. 2000). The species is possibly limited by a narrow 
preferred temperature range (20-27"C: Fishbase). 

Directional Effect on the Southeast U.S. Shelf: The effect of climate change on Scamp on the 
Southeast U.S. Shelf is estimated to be neutral (With uncertainty reflected in the fact that 40% of 
scores were negatiVe and 25% were positive). Critical habitats (mangroves and Ocutina coral 
reefs) are both likely to be impacted by habitat destruction, but Scamp do occupy a variety of 
other habitats ( low-relief hardbottom and ledges). A primarily piscivorous habit should minimize 
the effects of ocean acidification. 

Data Quality: 67% of the data quality scores were 2 or greater. Early Life History Settlement and 
Survival Requirements and Other Stressors were both identified as data- deficient as well as 
beinq hiqh-sensitiVity attributes. 

Climate Effects on Abundance and Distribution: Scamp may be affected by Ocean Acidification 
through both diet (some consumption of crustaceans) and their known preference for Ocu/ina 
coral habitat, which has also been degraded by damage from fishing gear. Little is known of 
salinity tolerances, but Scamp reside in oceanic reef habitat as well as nearshore areas such as 
jetties and mangrove areas. 

I jfe Hjstory ~nopsjs: Scamp is distributed in the western Atlantic from North Carolina south 
along the U.S., throughout the Gulf of Mexico except Cuba and in the Caribbean from Colombia 
to Tobago. It has also been recorded from southern Belize (Robertson and Van Tassell 2015). 
Its depth range is 0-100 metres, but usually occurs deeper than 30 m. Juveniles are found in 
shallow water at jellies and in manqrove areas. as well as on reefs a: depths of 15-25 m 
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(Koenig and Coleman 2013). Adults are associated With reefs and are found over ledges and 
high-relief rocky bottom in the eastern Gulf of Mexico, and low-profile hardbottom ledges at 
depths of 30 to 110 meters off North Carolina. Scamp are the most a~undant grouper found on 
or near liVing Oculina banks off the east coast of Florida, areas of pinnacles at depths of 70-100 
m. Scamp have been observed on pavement, low relief outcrops, mcderate relief outcrops, and 
rock rubble as well. No differentiation has been reported between juvenile and adult diet. Fish 
are primary prey, but Scamp also feed on cephalopods and crustaceans. The five most 
frequently occuring food items in one study (Matheson et al 1986) were unidentified fish, round 
scaa. tomtate. un1aen11nab1e serran1as, ana venn1111on snapper. scamp are capable or s1gnmcant 
migrations. In one study from the Gulf of Mexico, Wilson and Burns (1996) reported 52.6% of 
recaptured scamp moved >9 km, with one indiVidual being recaptured 255 km away from its 
tagging site. This species is a protogynous hermaphrodite tnat fonns small, transient spawning 
aggregations of tens to a few hundred indiViduals on high-relief, offshore reefs along the shelf 
edge (Gilmore and Jones 1992. Coleman et al. 2011). Spawning occurs from February through 
July in the Soutn Atlantic Bight with a peak in Maren to mid-May (Matheson et al. 1986, 
Coleman et al. 1996, Lombardi-Carlson et al. 2012). Males exhibit high site fidelity to specific 
spawning sites and defend territories, while females move amongst a larger range of multiple 
spawning sites (Gilmore and Jones 1992). Spawning location and time of spawning overlaps 
with those of Gag. The genus Mycteroperca normally has an egg phase lasting two days, and a 
larval phase that lasts on average 43 days (D'Agostino et al. 2015). Uycteroperca larvae display 
high tolerance to environment variability With salinities ranging from 20 to 50 ppt and 
temperatures between 2o~•c (Gracia-Lopez et al. 2004). Scamp could be affected by 
increasing ocean acidification, as juvenile scamp include crustaceans in their diet. Adults 
consume some crustaceans but seem more able to sWitcn to fish as a primary diet component. 
Scamp are vulnerable due to their slow population growth rate. based on a high maximum age 
(30 years; Harris et al. 2002). moderate natural mortality rate of 0.15, low growth coefficient of 
0.09-0.17, a large maximum body size of almost 900 mm (Harris et al. 2002). Age of maturity of 
females is 1-3 years, but the mean age of transition from female to male ranges from 7 .5-11 
years (Lombardi-Carlson et al. 2012, Potts unpubl. data). A SEDAR stock assessment for 
Scamp has not been completed, although one is currently (2021) underway. However, a recent 
publication (Bacheler and Ballenger 2018) described a decline in mean relatiVe abundance of 
scamp tof 92% from 1994 to 201 G, suggesting the stock has experienced recruitment failure. A 
microsatellite study of genetic variation in scamp found genetic homogeneity between 
populations in the Gulf of Mexico and Atlantic coast of the u. s . (Zatcoff et al. 2004). Other 
potential stressors for Scamp could include degradation of nursery habitat (jetties and mangrove 
areas) coral bleaching, temperate reef degradation (including destruction of Ocutina coral 
habitat), lionfish predation on juveniles, and exposure to red tide events. 
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Sheepshead - Archosargus probatocepha/us 
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South Atlantic Vulnerability Assessment - Species NaMative Template 

Sheepshead (Archosargus probatocepha/us) 

overall Climate Vulnerability Rank: High. (1 % bootstrap results in Moderate, 99% bootstrap 
results in High). 

Climate Exposure: Very Higi. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (3.9). Sea Level Rise (3.2) was also 
scored as High exposure for this species known to use seagrass beds and coastal river 
habitats. 

Biuluuil:<1I Se11silivily. Mu<JeI<1le. Two se11silivi ly alliil>ules scu1e<J ~ 2.5. E<1Ily Life Histu,y 
Settlement and Survival Requirements (2.6), and Ocean Acidification (2.7). Sheepshead 
consume many types of hard shelled organisms (bivalve molluscs. brachyurans, barnacles; 
Carpenter et al. 2014 ). 

Distributional Vulnerability Rank: Moderate. Four sensitivity attributes indicated moderate 
potential for distribution shift: Sheepshead are habitat generalists that are mobile, have 
dispersive early life stages, and have low sensitivity to temperature (Carpenter et al. 2014 ). 

Directional Effect on the Southeast U.S. Shelf: The effect of climate change on Sheepshead on 
the Southeast U.S. Shelf is estimated to be positive. Sheepshead have wide thermal and 
salinity tolerances and should not be affected by increases in these environmental parameters 
in the near tenn. Increasing Ocean Acidification will likely have an effect on Sheepshead as 
they consume a variety of molluscs and echinoderms, although seag-asses and algae may 
make up a more significant portion of their diet and they will likely be able to adapt. Increases in 
sea level may open up additional suitable habitat, although they would be subject to stressors 
such as pollution, harmful algal blooms, etc., in these areas that might reduce productivity. 

Data aualjty: 100% of the data quality scores were 2 or greater. 

cumate Effects on Abundance and rnstrjbution: Sheepshead have a wide thennal and salinity 
tolerance, and their preferred habitat is not uncommon, so they likely will respond positively to 
future climate changes. The species does include a high diversity of invertebrates in its diet, and 
thus Ocean Acidification could have moderate impact, although they seem capable of adapting 
by consuming small fish or even algae. Sea Level Rise could have an impact on their preferred 
habitat, seagrass and coastal rivers. 

Life History Synopsis: Sheepshead is a structure-oriented fish that occurs throuQhout the 
southeast U.S., including the entire Gulf of Mexico and the Atlantic coast as far north as New 
Yori< (Seyoum et al. 2017; Adams et al. 2018). The Atlantic population is genetically distinct from 
the two populations occurring in the Gulf of Mexico (Seyoum et al. 2017). Further, age and 
growth characteristics follow a latitudinal trend in the Atlantic, suggesting that this species may 
exhibit some level of stock structure at a finer geographic scale (Adams et al. 2018). This 
latitudinal cline in growth traits also suggests that climate change might impact the population 
dynamics of regional stocks. Presently, limited data exist on the coastal movements of adult 
Sheepshead, which makes drawing conclusions about the impact of climate on regional 
population traits more difficult. Sheepshead is a relatively long-lived species, and individuals 
greater than 30 years of age have been observed (McDonough et al. 2011; Adams et al. 2018; 
NCDMF 2019). Larger fish may exceed 500 mm in length and 5 kg in weight. Adults are highly 
mobile and occupy a wide variety of structured estuarine habitats during the wanner months, 
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South Atlantic Vulnerability Assessment - Species NaMative Template 

including oyster reefs, seagrass, and artificial structures (Lennert and Allen 2002). They also 
occur over hard-bottom or artificial structures on the continental shelf throughOut the year 
(Reeves et al. 2018). According to a study in South Carolina, a majority of Sheepshead reach 
maturity by age-2 (McDonough et al. 2011 ). Adult Sheepshead develop gonads during the 
overwintering period and spawning takes place between February and early May, most likely in 
nearshore habitats (McDonough et al. 2011; Heyman et al. 2019). Individual females spawn 
throughout a protracted season at a frequency that may range from a few days to several weeks 
(Render and Wilson, 1992; McDonough et al. 2011 ). Sheepshead are highly fecund, and total 
annual fecundity might exceed 1 0 million eggs in a season (McDonough et a/. 2011 ). Planktonic 
eggs were shown to hatch within 28 hours at 23°C (Tucker and Alshuth 1997). The planktonic 
larval phase lasts between 30 and 40 days (Parsons and Peters 1989; Tucker and Alshuth 
1997). Juvenile Sheepshead are thought to primarily inhabit shallow estuarine areas, 
particularly structured habitats such as seagrass and oyster reefs (Lehnert and Allen 2002; 
Baillie et a/. 2015). Upon the onset of cooler temperatures, adult Sheepshead-and presumably 
juveniles-migrate offshore to overwinter. Due to the presumed temperature dependence of 
spawning and also nursery habitat use, changing ocean temperatures may have important 
impacts on the phenology of this species. Further, the reliance of estuarine biogenic habitat, 
especially at the juvenile stage, might indicate an important source oi vulnerability to climate 
change for Sheepshead. Diet of Sheepshead consists of a wide diversity of invertebrates 
including barnacles, hydroids, polychaetes, and crabs (Sedberry 1987). Further, evidence 
suggests that this species is omnivorous and feeds on seagrass and algae to some extent 
(Cutwa and Turinqan 2000). While little is known about the trophic ecoloqy of juveniles, the hiqh 
prey diversity of adult fish suggests that the diet of sheepshead would be relatively robust to 
changes in climate. There are aspects of Sheepshead life history thal require further research to 
assess climate sensitivity of this species. For example, the early age at maturity and high 
fecundity of Sheepshead suggests that potential population growth rate might be robust to 
climate variation. However, very little is known about interannual variation in recruitment for this 
species. Further, the nature of Sheepshead spawning aggregations, and how vulnerable they 
are to fishing activities, is largely unknown. 
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Slippery Dick - Halichoeres bivittatus 
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Slippery Dick (Ha/ichoeres biVittatus) 

Overall Climate Vulnerability Rank: Moderate. (93% bootstrap results in Moderate, 7% bootstrap 
results in High). 

Climate Exposure: Very Higi. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (4.0). 

BjoJogjcaJ Sensjtjyjty: Low. No sensitivity attributes scored ;:: 2.5. 

rnstrjbutjonal YYloerabjJjty Rank: Moderate. Three attributes indicated limited to moderate 
potential for distribution shill: behaviorally-limited adult mobility (Slippery Dick are capable of 
movement but tend to occupy discrete ranges of habitat and remain close to these areas) , 
moderate early life stage dispersal (planktonic larval duration of 18-27 days, after which the 
settler buries into the sediment for 3-5 days to complete metamorphosis into the juvenile stage; 
Sponaugle and Cowen 1997), and relatively moderate to high habitat specialization. 

Directional Effect on the Southeast U.S. Shelt The effect of climate change on Slippery Dick on 
the Southeast U.S. Shelf is estimated to be positive. There is little information available to 
assess the directional effect of climate change on Slippery Dick. While North Carolina is the 
recogmzeo nortnem extent or meir geograpmc 01stnou11on. warming temperatures cou10 maKe 
more habitat along the mid-Atlantic or northeast thermally available. 

Data Quality: 67% of the data quality scores were 2 or greater. Population Growth Rate and 
Stock Size/Status were scored as data-deficient, liKely because the species is a common 
reef-dweller and not the subject of fisheries management or any directed fishery. 

Climate Effects on Abundance and Distribution: There have been no directed studies of climate 
effects on abundance and distribution of Slippery Dick. The species may be affected by 
increasing Ocean Acidification, as their diets consist of a large amount of benthic crustaceans. 
Their narrow preferred temperature range could lead to decreases in productivity or survival in 
the face of increasing Ocean Surface Temperature, or cause them to expand their distribution 
rurmer nonn m oroer to 11no a more nao1tao1e temperature. 

Ljfe Hjstory synopsjs: Slippery Dick are a small reef-associated fish species distributed from 
North Carolina, USA and Bermuda to Rio de Janeiro (Menezes et al. 2003) Brazil, including the 
Gulf of Mexico and throughout the Caribbean. Juvenile Slippery Dick are most often found on 
shallow rock reef/ledge habitat to 30 m depth. In St. Croix they were the most abundant species 
utilizing the back-reef/lagoonal embayment habitat, but were also associated with algal plains 
and seagrass beds (Mateo and Tobias 2001). Adults utilize similar habitats. Randall (1968) 
observed Slippery Dick on coral reef, rubble, seagrass habitats and rock jellies and vegetated 
temperate hardbottom ledge reefs as are common off the Carolinas. Levin and Hay (2002) 
found Slippery Dick to prefer Sargassum over Zonaria seagrass in manipulative experiments. 
Adult and juvenile diets did not differ significantly, with diets consisting of benthic invertebrates. 
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including gastropods, bivalves and crabs, polychaetes, stomatopod and decapod shrimps, 
amphipods, echinoderms, and small amounts of larval fishes (Clifton and Motta 1998). Slippery 
Dick are not limited in mobiity physically, but behaviorally they tend to occupy discrete ranges of 
habitat and do not undergo extensive moves away from these centers. The species is a 
protogynous hennaphrodite. They spawn almost daily in the more tropical portion of the range 
(Warner and Robertson 1978), while in North Carolina peak spawning season was determined 
to be May-June. Spawning is pelagic, and eggs and larvae are planklonic and thus are likely 
transported to some degree by currents to preferred backreef habitals of lagoonal embayments 
(Mateo and Tobias 2001 ). Planktomc Iarva1 duration rrom a study In aaroados was rouno to oe 
18-27 days (Sponaugle and Cowen 1997). while Victor (1986) found an average larval duration 
of 24 days. Settlement occurs proximal to the new moon (maximum amplitude tide). The settler 
then buries itself into the sand for 3-5 days to complete metamorphosis into a juvenile. After 
emergence the juvenile can be found swimming close to the substrate. Preferred temperature 
range is 24.4-28.2°C, with a mean of 27.3°C. Slippery Dick could be affected by ocean 
acidification given their reliance on shell-fonning invertebrates (benthic crustaceans) in their 
diets. No specific informatioo is available on the productiVity of Slippery Dick. However, the life 
history characteristics of a small maximum size, low maximum age, and a low age-at-maturity, 
suggest the species' vulnerability to population depletions would be low and the species would 
be able to recover fairly quickly. Slippery Dick have not been the focus of a stock assessment, 
nor are they likely to be. Rocha et al. (2005) found the populations throughOut the range appear 
to be well connected except for ones in North Florida and the Gulf of Mexico, which are 
genetically distinct and may actually represent a different species. Other potential stressors for 
Slippery Dick include possible coral bleaching, temperate reef degradation, anthropocentric 
alteration of lagoonal embayment habitat, and lionfish predation. 
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Snook - Centropomus undecimalis 

Overall Vulnerability Rank = High D 

Biological Sensitivity = Moderate D 
Climate Exposure = Very High ■ 

Data Quality = 100% of scores~ 2 
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Snook (Centropomus undecimalis) 

Overall Climate Vulnerability Rank: High. (44% bootstrap results in High, 56% bootstrap results 
in Very High). 

Climate Exposure: Very Higi. Three exposure factors scored~ 3.5: Air Temperature (4.0), 
Ocean Acidification (4.0) and Salinity (3.7). Additionally, Sea Level Rise was considered highly 
sensitive with a score of 3.3. Snook utilize shallow coastal habitats. including mangroves. 
seagrass beds, and the lower portions of coastal rivers. While they enjoy a wide salinity 
tolerance, they are sensitive to extremely cold temperatures and have historically suffered 
cold-stun mortality events. 

Biological Sensitivity: Moderate. Six sensitivity attributes scored~ 2.5: Other Stressors (3.2), 
Population Growth Rate (3.0), Early Life History Settlement and Survival Requirements (2.7), 
SensitiVity to Temperature (2.8), Stock Size/Status (2.7) and Complexity in Reproductive 
Strategy (2.5). Snook are a relatively late-maturing fish that are a popular target of recreational 
anglers in Florida. Its use of coastal wetlands makes ii vulnerable to anthropogenic habitat 
alterations and degradations as well as climate impacts such as sea level rise, storm surge, and 
extreme storms. 

rnstrjbutjonal vu1oerabmty Rank: Moderate. snook are highly mobile fish with moderately 
dispersive early life stages, but they have specific preferred habitats and minimum thermal 
tolerances which might limit range expansion. 

Directional Effect on the Southeast U.S. Shelt The effect of climate change on Snook on the 
Southeast U.S. Shelf is estimated to be positive with high agreement (90%) among expert 
scorers. While Snook abundance is concentrated in south Florida, in recent years they have 
expanded their range as far north as St. Augustine Florida. A euryhaline habit allows them to 
utilize a wide variety of habttat (riverine, estuarine, marine) and wanming seawater temperatures 
could allow more fish to shill distribution northward, an expansion currently limited by lethal 
thenmal minima (Shafland aid Foote 1983). Productivily in the southern portion of their current 
range is expected to remain stable or increase, as the species has a thermal maximum of 40°C. 

Data Quality: 100% of the data qualily scores were 2 or greater. 

Climate Effects on Abundance and Distribution: Snook are expected to be impacted by 
increasing ocean acidification through impacts to diet (copepods, crustaceans). Temperature is 
an environmental variable that will likely have much influence on Snook distribution, as wanming 
could lead to a northward expansion of their range, but cold stun mortality events could occur if 
sudden cold fronts cause water temperatures to drop below 1 O"C. Reliance on nursery habitat 
such as mangroves and riverine areas make Snook more susceptible to anthropogenic habitat 
alteration as well as sea level rise, storm surge, and extreme storms. 
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Ljfe Hjstory synopsjs: Snook is a large subtropical marine/estuarine species distributed in the 
southeastern U. S. from northeastern Florida south along the U.S., including Bermuda, and in 
the Gulf of Mexico from the Florida Keys north to the Suwannee River (Florida) and from 
Matagorda Bay, Texas down along the Mexican coast to northwestern Cuba, throughout the 
Caribbean Sea except the Cayman Islands, and along South America to Santa Catarina State, 
Brazil. Small juveniles (<150 mm SL) are tolerant of low oxygenated waters and are found in the 
lower portions of rivers (especially riverine backwaters), tidal tributaries, and in coastal wetland 
ponds. These types of habitats are under threat as they lie at the interface with urbanization and 
numan ,and use. Larger Juvenues ('15'1-350 mm stanoard Iengtn), wnIcn are not as tolerant to 
low dissolved oxygen and ~esumably need larger prey, start to leave the nursery habitat and 
are found in lower portions of rivers, the mouths of tidal tributaries. and among coastal wetland 
island networks (McMichael et al. 1989, Stevens et al. 2007, Stevens et al. 2010). Adults could 
be considered a habitat generalist. as they are a euryhaline species that prefers coastal waters, 
mangrove-fringed estuarine habitats. Their wide salinity tolerance allows utilization of a variety 
of habitats from freshwater to marine. After maturation, distribution is broad and includes open 
estuarine shorelines. seagrass shoals, beaches, rivers (up to 100 km), and nearshore reefs 
(<10km from shore) (Stevens et al. 2018, Winner et al. 2010). In freshwater and coastal wetland 
nursery habitats of Florida, juveniles feed on palaemonid shrimp, microcrustaceans and 
mosquitofish (McMicnael et al. 1989, Adams et al. 2009; Ferreira et al. 2019). Adults are 
opportunistic carnivores with diets reflective of prey commonly found in the environment. In 
southwestern Florida, diet in the estuary included pinfish, anehovies, and pink shrimp, whereas 
diet in rivers was composed of crayfish and brown hoplos (Blewett et al. 2006). In coastal rivers 
of southeastern Florida, adults ate a variety of estuarine fish, swimming crabs, shrimp, and 
xanthid crabs, reflecting the strong marine influence in these rivers. Diet in the rivers of the 
coastal Everglades was dominated by sunfishes. Adults capitalize on "prey pulses" such as 
when prey are forced into the main channels of riVers as freshwater marshes recede in the dry 
season (Stevens et al. in press). Adults are mobile but behavior mediates distances moved. 
Gulf coast Snook inhabit a single estuary their entire lives while Atlantic Snook move greater 
distances. Seasonal movements occur as Snook move into rivers to capitalize on prey pulses or 
towards inlets and passes during the spawning season (Trotter et al. 2012, Young et al. 2014, 
2016, Stevens et al. 2018). Snook are protandric hermaphrodites, wiih female gonads maturing 
directly from male gonads after spawning occurs. This is likely socially mediated, initiated by 
lack of females in the population. Snook are obligate marine spawners requiring salinities of >24 
ppt for critical egg buoyancy and sperm activation. Spawning occurs when water temperatures 
warm to 24°C and is usually linked to times of increased rainfall (Gilmore et al. 1983, Hill 2005, 
Taylor et al. 1998). Spawning season is protracted, from April-October, with peak spawning on 
the east coast occurring in July and August. Snook form large spawning aggregations in high 
salinity waters near the mouths of coastal rivers, inlets and lower estuaries. Snook are 
broadcast spawners. While few larval Snook have been collected, Peters et al. (1998) 
documented that newly hatched larvae spend about 2.5 weeks in the upper few meters of the 
water column in high-salinity water prior to their arrival in shallow-water nursery sites, likely 
transported by favorable tidal stream transport. While eggs and larvae are found in polyhaline 
and euryhaline waters near estuarine passes or adjacent river mouths, small juveniles prefer 
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low-€nergy shallow waters 1hat provide abundant prey and a respite irom larger predators, 
including tidal ponds and creeks. Snook are most commonly found in waters of temperatures 
between 25 - 31 °C. Mass mortality of Snook occurs as water temperatures fall below 1 o•c. 
Historically, the primary distribution of Snook on the east coast of Florida extended to Cape 
Canaveral, whereas fisheries-independent monitoring has shown that in recent years the 
species range has expanded to at least New Smyrna, possibly St Augustine, but has not yet 
reached Jacksonville. While Snook normally utilizes coastal shallow habitat (<3 m), they are 
known to move into warmer (-2"C) sheltered waters at southerly latitudes. At the species range 
11m1t. movements Into warm spring-rea rivers or other temperature reIug1a occur as Winter 
approaches. Snook are likely to be affected by increasing ocean acidification, as larval and 
small Snook eat copepods and microcustraceans and larger snook eat shrimp, crayfish and 
crabs. Snook have a slow population growth rate, as indicated by a large maximum body size 
(140 cm), a moderately slow growth coefficient (K=0.24), an extended longevity (21 years), a 
low natural mortality rate (IV.=0.20) and age at full maturity for females of 7 years (males mature 
at age-1, but Snook may be transttional from age-1 to age-7) (Muller et al. 2015, Taylor et al. 
2000). These characteristics make the species vulnerable to population disruptions. Spawning 
stock biomass has been decreasing on the Atlantic coast of Florida since the mid-1990s and 
has been generally increasing on the Gulf coast. Muller et al. (2015) found that for the Atlantic 
coast of Florida, transitional spawning potential ratio (tSPR) = 39%, spawning biomass= 345 
mt, SSB was 60% of SSB expected at 40% SPR. Gulf of Mexico and Atlantic populations of 
Snook are genetically distinct and are managed as different stocks. Coastal wetland habitat is 
being lost to development and Snook are negatively impacted by mosquito control efforts 
throughout Florida. High freshwater flows in rivers are needed to inundate floodplains to 
produce prey pulses but these are being diverted to reservoirs. Microplastics could be an issue 
and harmful algal blooms could negatively impact Snook populations as well. 
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Snowy Grouper - Epinephe/us niveatus 

Overall Vulnerability Rank = Very High ■ 

Biological Sensitivity = High 0 
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Data Quality = 67% of scores ;c: 2 
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Snowy Grouper (Hyporthodus niveatus) 

oyerau Climate YYloerabilit( Rank: very High. (100% bootstrap results in very High). 

Climate Exposure: Very High. Four exposure factors contributed to this score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0), Salinity (3.9) and Currents (3.7). Adult Snowy 
Grouper are a resident of tile continental shelf, while juveniles are often seen in shallower 
inshore areas. Exposure to all these exposure factors occurs during all life stages. 

Biological Sensitivity: High. Two sensitivity attributes scored~ 3.0: Population Growth Rate (3.7) 
and Stock Size/Status (3.6). Snowy Grouper have a slow population rate of increase, with fish 
being long-lived and slow-growing (Matheson and Huntsman 1984 ), and relatively late-maturing 
(Wyanski et al. 2000; Kowal 2010, Kolmos et al. 2019). Recent stock assessments have found 
snowy grouper are overfished (SEDAR 2013). 

Distributional Vulnerability Rank: Moderate. Attributes indicating a moderate potential for 
distribution shift include: adult mobility, potentially widespread early life stage dispersal (larvae 
in the open ocean for 40-60 days; and a fairly specific preferred habitat type (rocky ledge and 
cliffs, and areas of eroded linestone, with vertical relief up to 1 O m and high currents (Matheson 
and Huntsman 1984 ). 

Directional Effect on tile Southeast U.S. Shelf: The directional effect of climate change on 
Snowy Grouper on the Southeast U.S. Shelf is estimated to be negative. There may be negatiVe 
impacts from Ocean Acidification due to inclusion of crustaceans in their diet Changes in 
oceanic circulation patterns could impact successful recruitment as well as the delivery of 
nutrients to their deepwater habitat, affecting proctuctiVity. 

Data aualjty: 67% of the data quality scores were 2 or greater. Sensitivity attributes identified 
as data-deficient and moderately sensitive were Dispersal of Early Life Stages and Early Life 
History Settlement and Survival Requirements. Little is known for Snowy Grouper for these 
attributes beyond the presence of pelagic larvae. 

Climate Effects on Abundance and Distribution: There are no directed studies on the impacts of 
climate on abundance and distribution of Snowy Grouper. The species may be impacted by 
Ocean Acidification since they include gastropods and crustaceans in their diet As a continental 
shelf resident they may be dependent on current oceanic circulation patterns to transport larvae 
to suitable nursery habitat as well as deliver nutrients to their adult shelf habitat, and potential 
climate-forced changes to these currents might have negative effects on productiVity or survival. 

Life History Synopsis: Snowy Grouper is a long-lived demersal species ranging in tile Atlantic 
from Canada to southern Brazil, including tile Gulf of Mexico and Caribbean (Matheson and 
Huntsman 1984; Scott and Scott 1988). Snowy Grouper are protogynous hermaphrodites, with 
the majority maturing first as females at age 4-8 and transitioning to males at age 5-12 (Kolmos 
et al. 2019). Maximum ages of Snowy Grouper have been reported as high as 56 years 
(Sanchez et al. 2019). The species is a summer spawner on the outer continental shelf, with 
post-spawn ovaries found in female fish from March-October (Kolmos et al. 2019). Snowy 
Grouper prefer hardbottom (natural and artificial), usually in waters 100-400 m deep. Preferred 
prey include teleost fishes and cephalopocts, and juveniles are thought to have the same diet as 
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adults (Bielsa and Labisky 1997). It is unknown whether Snowy Grouper form spawning 
aggregations. but they are typically found in dense schools, so aggregations are thought to be 
likely. Pelagic larvae are be'ieved to remain in the open ocean for 40-60 days prior to 
settlement. While no information is available about settlement requirements. Snowy Grouper 
larvae may use auditory or chemical cues to find habitat. Stevens et al. (2019) reported 
maximum length (L.) as 1178 mm total length, the von Bertalanffy K as 0.09, and the theoretical 
age at length zero as -2.88 years. SEDAR (2013) concluded that with reported values of 

SSB2<u/SSBMSv = 0.49, and SSB201/MSST = 0.65, the Snowy Grouper stock in the South 
Atlanli r. is ovP.rfishP.cl Trawls opP.rating in inshorP. rP.P.f hahilals may posP. a ltlrP.al lo juvP.nilP.s 
Given the depth in which adult Snowy Grouper live. they are unlikely to be affected by many 
human-induced ecological impacts. 
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Southern Flounder - Para/ichthys /ethostigma 
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Southern Flounder (Para/ichthys Jethostigma) 

Overall Climate Vulnerability Rank: High. (2% bootstrap results in Moderate, 98% bootstrap 
results in High). 

Climate Exposure: Very Higi. Four exposure factors contributed to lllis score: Salinity (3.8), 
Ocean Acidification (4.0), Sea Level Rise (3.6) and Air Temperature (4.0). Exposure to all four 
factors occurs during Ille life stages. Soulllern flounder are estuarine-obligate for their first two 
years, after which they move to shallow coastal, inner shelf habitats. Juveniles consume shrimp 
and crabs and could be affected indirectly by increasing ocean acidification. 

Biological Sensitivity: Moderate. Three sensitivity attributes scored al>ove 2.5: Early Life History 
Settlement and Survival Requirements (2.5), Complexity in Reproductive Strategy (2.7) and 
Stock Size/Status (2.8). Soulllern Flounder depend on a drop in water temperatures to cue their 
seaward spawning movements, so increasing temperatures could affect timing. The stock is 
overfished and undergoing overfishing (NCDMF 2012). 

Distributional Vulnerability Rank: High. Southern flounder are habitat generalists that are mobile, 
and have dispersive early life stages. 

rnrectjonal Effect on the Southeast u s Shelf: The effect of climate change on soulllern 
Flounder on Ille Southeast U.S. Shelf is estimated to be positive with the majority of expert 
scores in the positive or neutral classification. Adults are distributed from North Carolina 
southward but broad thermal and salinity tolerances do not rule out either continued productivity 
in the Southeast U. S. or a more northward range extension. Once Southern Flounder reach 20 
mm in size they switch from consuming invertebrates to a primarily piscivorous diet, so the 
impact of ocean acidification on diet is expected to be lower than for a strict invertivore. 

Data Quality: 100% of the data quality scores were 2 or greater. 

Climate Effects on Abundance and Distribution: Southern Flounder may be impacted by Ocean 
Acidification both indirectly (inclusion of invertebrates in diets. primarily in juveniles) and directly 
(survival of eggs and larvae found to decrease with increasing CO2 concentrations; Chambers 
et al. 2014 ). Changes in Ocean Surface Temperature may affect temperature-dependent liming 
of offshOre spawning movements. Wood and Austin (2009), in a study from the Chesapeake 
Bay, suggest large-scale climate forcing is responsible for changes in recruitment patterns of 
Summer Flounder and two other species, indicating that productivity may change with changing 
climate. Bell et al. (2014) presented evidence that changes in Summer Flounder distribution 
were attributable to reduced fishing pressure and expanding population rather than changes in 
temperature. 

Life History Synopsis: Sou1tlern Flounder are a benthic flatfish species (Paralichthyidae) 
distributed in the western Atlantic Ocean from the Chesapeake Bay south to the Loxahatchee 
River, Florida. While absent from the southern Florida peninsula. the species ranqes in the Gulf 
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of Mexico from the Caloosahatchee River estuary along the entire U.S. Gulf coast to Mexico 
(Gilbert 1986, Munroe 2002). Juvenile Southern Flounder remain in estuaries until reaching 
sexual maturation (-2 years) when they migrate to join adults on the inner continental shelf. 
Adults can be found on the inner continental shelf as well as riverine, estuarine coastal waters. 
Preferred substrate is mud or silt (Reagan and Wingo 1985; Munroe 2015). Juvenile Southern 
Flounder consume a wide variety of invertebrates, primarily amphipoas and mysid shrimp, 
copepods, and blue crab; once reaching 20 mm they prey primarily on small fishes (Reagan and 
Wingo 1985). Adult diets coosist primarily of fishes (fat sleepers, anchovies, menhaden, mullet, 
scIaenIas) out aIso crustaceans aepenaing on regional Iocat1on (Bur1<e 1995). Tagging stuaIes 
indicate large-scale (>50 km) movements of relatively large fish in the fall, presumably 
associated with offshOre winter spawning migrations. Nearly all Southern Flounder that 
demonstrated large-scale movement were recovered to the south of the system in which they 
were tagged, suggesting that the spawning actiVity of fish using North Carolina estuaries may 
be concentrated mostly off the southeastern U.S. continental shelf. Tagging data suggest limited 
movement (<1 km) during estuarine residency (Craig et al. 2015, Wenner et al. 1990, 
Monoghan 1992). Adult Southern Flounder undertake moderate offshore migrations from 
estuarine and nearshOre waters in the fall. These movements are usually triggered by a drop in 
water temperature of 4-5 °C. Spawning occurs in the southeastern U. S. from November to 
March on the continental shelf. Laboratory work has shown that eggs hatch after 3 days at 18°C 
and 30 ppt salinity (Denson and Smith 1997). Pelagic larval duration is 30-60 days, and larvae 
return to estuarine habitats by passive transport on nearshOre/tidal currents from November 
through April, with peak recruitment in February (Burke et al. 1991 ). Metamorphosing larvae 
migrate towards low-salinity headwaters to settle. By day 16 larvae begin settling out of the 
water column and onto the bottom (Bur1<e et al. 1991). Southern Flounder have a wide 
temperature tolerance (-5-35°C). The species is also highly euryhaline, withstanding 
fluctuations in salinities ranging from 0- 35 ppt or more. Southern Flounder may be impacted by 
increasing acidification of the oceans because juveniles rely on invertebrate species (shrimp, 
crabs) in their diet. Additionally, survival of eggs and larvae were found to decrease with 
increasing CO2 concentrations (Chambers et al. 2014). Population growth rate of Southern 
Flounder should be moderately fast, making them resilient to populatton disturbances. This is 
based on a low maximum age (9. (Takade-Heumacher and Batsavage 2009), a moderate 
maximum body size (00 cm), a fairly young age at maturity (7G% of age-2 fish mature (Midway 
and Scharf 2012), and a moderate growth coefficient (0.23-0.25). A 2012 assessment by the 
North Carolina Division of Marine Fisheries found that Southern Flounder, despite improvement 
in recent years, was still overfished and undergoing overfishing (NCDMF 2012). This was 
attributed to heavy exploitation of age-1 and age-2 fish, leading to several consecutive years of 
low recruitment. Clear genetic differences between Gulf and SEUS populations of southern 
flounder have been found in previous studies, but Wang et al. (2015) found only weak genetic 
structure among possible SEUS subpopulations, using both mtDNA and AFLP analyses. 
Southern Flounder are heavily dependent on estuarine and coastal habitats, and thus the 
potential exists for the species to be seriously impacted by anthropogenic activities such as 
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pollution, changing water flows, and habitat alterations. The species could also be impacted by 
harmful algal blooms or anthropogenically induced hypoxic events. 
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Spanish Mackerel - Scomberomorus macu/atus 

Overall Vulnerability Rank = Moderate 0 

Biological Sensitivity = Low□ 
Climate Exposure = Very High ■ 

Data Quality = 92% of scores ;c: 2 
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Spanish Mackerel (Scomberomorus macu/atus) 

Overall Climate Vulnerability Rank: High. 99% bootstrap results in Moderate, 1% bootstrap 
results in High. 

Climate Exposure: Very Higi. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (3.9). Exposure to all three factors 
occurs during the life stages. Spanish Mackerel are a pelagic oceanodromous species found 
from the continental shelf to shallow coastal waters, often using estuaries as nursery areas. 

BjoJogjcaJ sensjtjyj!y: Low. No sensitivity attributes scored ;:: 2.5. 

Distributional Vulnerability Rank: High. Spanish mackerel are habitat generalists that are highly 
mobile, and have dispersive early life stages. 

Directional Effect in the Southeast U.S. Shelf: The effect of climate change on Spanish Mackerel 
is estimated to be neutral. Spanish Mackerel have fairly wide thermal and salinity tolerances on 
the Southeast U.S. Shelf Ecosystem and abundance should remain stable. The effect of ocean 
acidification is likely to be negligible as Spanish Mackerel are primariy piscivores. 

Data aua11ty: 92% or tne aata quality scores were 2 or greater. Eany ure History settlement 
and Survival Requirements scored marginally data-deficient (1.8), notable because that attribute 
was given the highest sensitivity score by experts (2.4 ). 

Climate Effects on Abundance and pjstnbu)jon Spanish Mackerel are typically collected from 
waters ranging from 21 - 31 •c (70 - 88 °F), and temperature and sainity have been identified 
as factors controlling their geographic distribution (Berrian and Finian 1977. Gilmore et al. 
1977). Increasing Ocean Surface Temperatures along the mid-Atlantic and northeastern U. S. 
shelf could allow for increases in abundance and distribution in these waters. Ocean 
Acidification will potentially have direct effects on Spanish Mackerel, such as decreased larval 
survival and growth (Bromhead et al. 2015), decreased hunting efficiency (Pistevos et al. 2015) 
and altered settlement or habitat preference cues (Munday et al. 2009). Although Spanish 
Mackerel are primarily piscivorous, their predominant invertebrate prey are cephalopods, and 
Wingar (2015) and Kaplan et al. (2013) have shOwn effects of increasing acidification on 
cephalopod development and survival. 

Life History Synopsis: Spanish Mackerel inhabits coastal waters from the Gulf of Maine to the 
Yucatan Peninsula (Collette et al. 1978; Godeharles and Murphy 1986). During the summer 
months, they are commonly found as far north as Chesapeake Bay, while in fall and winter, they 
are most common in waters from North Carolina to central Florida. Larvae are found in surface 
waters between 19.6-29.8°C with a salinity of 28.3-37.4 ppt, and often utilize estuaries as 
nursery habitat. Adults are pelagic and oceanodromous, and are found near the edge of the 
continental shelf to shallow coastal waters. The species is also found in drop-offs and 
shallow/Qently slopinQ reef/laQoon waters. Adult Spanish Mackerel are schoolinQ pelaQic 
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carnivores that feed primarily on estuarine-dependent species such as menhaden (Brevoortia 
sp.) and anchovies (Anchoa), with squid being the most abundant invertebrate (Godchartes and 
Murphy 1986). Juveniles are primarily piscivorous, with anchovies. menhaden. Spanish 
sardines, and Atlantic thread herring constituting the bull< of the diet. Less common prey types 
are mullets (Mugil spp.) and sciaenids. Spanish Mackerel are a migratory species that moves 
north along the Atlantic coast of the United States and north and west along the Gulf of Mexico 
in the spring and returns in the fall (Collette and Russo 1984). They can also enter estuaries. 
The species is not limited behaviorally or physically in their movement. beyond their preference 
ror water temperatures between rrom 2·1 - 3·1 ·c. Spanish Mac1<ereI are gonocnonsuc. They 
spawn in the open ocean, at depths of 12-35 mover the inner continental shelf (MCEachran et 
al. 1980). Spawning varies slightly latitudinally with NC- GA spawning occurring May-August. 
and spawning in Florida Atlantic waters occurring April-Sept, and as late as October (Powell 
1975). They are broadcast spawners. Pelagic eggs are buoyant and hatching occurs 
approximately 25 hours after fertilization at water temperatures averaging 26°C (Smith 1907). 
Larvae and early juveniles grow 1.9 mm per day for approximately the first 23 days of life. From 
23 - 40 days, growth is accelerated, with young fishes growing as much as 5 mm per day. 
Thereafter, growth slows to approximately 2.1 mm per day (Schmidt et al. 1993, Peters and 
Schmidt 1997). Juveniles are collected from low salinity (12.8 - 19.7 ppt) estuaries as well as 
from high salinity beaches. suggesting that at least some Spanish Mackerel utilize estuaries as 
nursery grounds (Springer and Woodburn 1960). Larvae feed on a Wide variety of readily 
available larval fish species, indicating a mismatch of prey with larval emergence should not be 
a factor. Spanish Mackerel are rarely reported from waters cooler than 18°C. Water 
temperatures in excess of 25°C triggers spawning in Spanish Mackerel (Beaumariage 1970). 
They utilize depths from 0-35 m in the water column. The diet of Spanish Mackerel should not 
be affected a great deal by increased ocean acidification as they primarily consume schooling 
fishes. Spanish Mackerel have a high growth coefficient, an early age-at-maturity, a moderately 
low longevity, a moderate maximum body size, and high rate of natural mortality. These 
characteristics indicate the species has a high population growth rate and should be able to 
recover from population depletions fairly quickly. Based on a 2012 SEDAR stock assessment, 
Spanish Mackerel were not considered overfished nor undergoing overfishing (SEDAR 2012). 
Various studies have found conflicting evidence of genetic connectivity between Atlantic and 
Gulf of Mexico populations of Spanish Mackerel. Given the highly migratory nature of this 
species, possible mixing of pelagic eggs, and low number of individuals needed to homogenize 
the genetic signal, it is not surprising that mitochondrial and nuclear DNA differences were not 
detected. Spanish Mackerel are not obligate estuarine users, althOugh larvae and juveniles that 
do use inshore nursery areas could be subject to anthropogenic impacts (habitat 
degradation/alteration, pollution) felt by many other species as well as sea level rise. storm 
surge, and extreme storms. Adults using nearshore coastal waters could be affected by 
pollution. 
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Speckled Hind - Epinephe/us drummondhayi 

Overall Vulnerability Rank = Very High ■ 

Biological Sensitivity = High 0 
Climate Exposure = Very High ■ 

Data Quality = 58% of scores ;c: 2 
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Speckled hind (Epinephe/Us drummondhay1) 

Oyerau Climate YYloerabilit( Rank: Very High. 100% bootstrap results in Very High. 

Climate Exposure: Very High. Four exposure factors contributed to this score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) Salinity (4.0) and Currents (3.6). Speckled Hind 
inhabit offshore rocky bottom shelf-edge habitats from 50-200 m depth, where they are exposed 
to all of these environmental factors. 

Biological Sensitivity: High. Two sensitivity attributes scored~ 3.0: Population Growth Rate (3.7) 
and Stock Size/Status (3.8). Speckled Hind are long-lived, slow growing and mature at a late 
age (a study from the Campeche Banks, Mexico, found female to male sex change occurs 
between age-7 and age-14; Brule et al. 2000). While Speckled Hind is a species of 
management concern, ii has not been assessed in the South Atlantic due to being data limited. 

Distributional Vulnerability Rank: Moderate. Attributes indicating limited to moderate potential for 
distribution shift are adult mobility (capable of moving, but generally remain close to home 
habitat) and probable dispersal of early life stages, although little is known from the literature. 
Preferred habitat type (rocky hardbottom between 50-200 m), while not rare, is fairly specific. 

Directional Effect in the Southeast U.S. Shelf: The directional effect of climate change on 
Speckled Hind on the Southeast U.S. Shelf is estimated to be neutral. There may be negative 
impacts from Ocean Acidification due to inclusion of crustaceans in their diet. Impacts from 
increasing sea surface temperature should be negligible given the depths where Speckled Hind 
occur. 

Data Quality: 58% of the data quality scores were 2 or greater. Attributes identified as 
data-deficient and sensitive to climate change include Early Life History Settlement and Survival 
Requirements, Dispersal of Early Life Stages, Complexity in Reproductive Strategy, and Stock 
Size/Status. 

cumate Effects on Abundance and Qistrjbutipn: There have been no directed studies on climate 
effects on abundance and distribution of Speckled Hind. There may be impacts of Ocean 
Acidification due to inclusion in the diet of shrimp, crabs, lobsters an<l molluscs (Sosa-Cordero 
and Russell 2018). Changes to oceanic currents could affect distribution of pelagic larvae, which 
remain in the open ocean for 40-60 days (Sosa-Cordero and Russell 2018). Reported preferred 
temperature range is 17-25'C (Fishbase), and given the depths Speckled Hind inhabit, ii is 
unlikely that rising Ocean Surface Temperature Will have an impact on Speckled Hind in the 
near future. 

Ljfe Hjstpry synppsjs: Speckled Hind is a naturally rare grouper species that is distributed from 
North Carolina to the Florida Keys and the eastern Gulf of Mexico (Farmer and Kamauskas 
2013; Sosa-Cordero and Russell 2018). Adults are extremely selective about habitat and 
typically are found in areas of very high relief at the continental shelf break in 50-100 m (Farmer 
and Kamauskas 2013). Juveniles may be found on hard bottom habitat in shallower water 
(Ross 1988). Speckled Hin<l are thought to spawn from April to September (Heemstra and 
Randall 1993). They are protogynous hermaphrodites, maturing as females at age 4-5 and 
transitioning to males at age 7-14. While much of their life history remains unknown, Speckled 
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Hind larvae are thought to be pelagic with a duration of 40-60 d (Sosa-Cordero and Russell 
2018). Settlement requirements for larval SpecKled Hind are unKnown, thOugh it is possible that 
larvae use chemical and/or auditory cues to locate suitable habitat. SpecKled Hind are thought 
to aggregate to spawn, though this suggestion is unconfirmed. Juveniles and adults aliKe 
consume fishes, molluscs, and crustaceans (Heemstra and Randall 1993; Sosa-Cordero and 
Russell 2018), and are Known to be aggressive apex predators within their reef community 
(Huntsman et al. 1999). SpecKled Hind are slow-growing and long-lived, with a maximum 
reported age of at least 40 years (ZisKin et al. 2011 ), with some estimates ranging to 60-80 
yP.ars (AnrtrP.WS P.I al ?01 ~) SIP.VP.OS P.I al (?019) aavP. I -infinity as ARR mm. von RP.rtalanffy K 
as 0.12, and theoretical age at length zero as -1.80 years. SpecKled Hind are listed as 
undergoing overfishing, largely as a result of their assumed-high discard mortality. The stocK is 
liKely overfished, but due to a paucity of data, this classification has proven difficult to confirm. 
Habitat destruction as a result of trawling may impact juvenile SpecKled Hind. 
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Spiny Dogfish - Squa/us acanthias 
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Spiny Dogfish ( Squalus acanthias) 

Overall Climate Vulnerability Rank: Moderate. 97% bootstrap results in Moderate, 3% bootstrap 
results in High. 

Climate Exposure: Very Higi. Three exposure factors contributed to this score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (3.9). Spiny Dogfish are an 
ocean-dwelling elasmobranch inhabiting waters from estuaries and bays out to the continental 
slope. 

Biological Sensitivity: Low. One sensitivity attribute scored ;:, 2.5: Population Growth Rate (3.3). 
Spiny Dogfish are a long-lived (Bubley et al. 2012), slow-growing and late-maturing (Nammack 
et al. 1985) species. 

Distributional Vulnerability Rank: High. Three attributes indicated high potential for distribution 
shift: high adult mobility, dispersive free-swimming early life stages.relatively low habitat 
specialization. Since the species is already widely distributed along most of the eastern 
seaboard, however, potential areas of expansion are uncertain. 

Directional Effect in the Southeast U.S. Shelf: The effect of climate change on Spiny Dogfish is 
estimated to be negative. Spiny Dogfish inhabit cold-temperate waters (7 -12°C) and warming 
temperatures in the southeast will likely lead to a reduction in productiVity or abundance as the 
distribution shifts northward. There may be minor effects of Ocean Acidification as Spiny 
Dogfish do include crustaceans and molluscs in their diets, although their habit of opportunistic 
omnivory will likely limit these impacts. 

Data Quality: 100% of the data quality scores were 2 or greater. 

Climate Effects on Abundance and Distribution: There are no specific articles on climate effects 
on Spiny Dogfish in the literature but ocean warming and acidification were found to interact and 
reduce behavior associated with locating prey of Port Jackson sharks (Pistevos et al.2015) . They 
are primarily piscivorous and indirect impacts of Ocean Acidification on Spiny Dogfish due to 
effects on prey are likely to be minimal . They will likely be able to avoid the effects of increasing 
Ocean Surface Temperature by occupying deeper cooler waters. 

Life History Synopsis: Spirry Dogfish is a small shark species distributed in temperate and 
subarctic waters of the con~nental shelf from Labrador through Florida, but is most abundant 
from Nova Scotia through Cape Hatteras NC. Juvenile Spiny Dogfish are a habitat generalist, 
selecting habitats based on prey availability or predators/competitors. They are found in depths 
of 11-500 m but are most common from 50-150 m and in water temperatures of 8-13 °c . Adult 
habitat preferences are similar. Primarily epibenthic, they are not known to associate with any 
particular habitat (McMillan and Morse 1999). While their habitats are not rare, they are known 
to use coastal estuaries seasonally, and these habitats could be vulnerable to climate-mediated 
chanqes. Spiny Doqfish are opportunistic omnivores, feedinq on bony fishes (herrinq, mackerel, 
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hakes, sand lance, menhaden), squid, ctenophOres, polychaetes, crustaceans, and molluscs. 
Adult and juvenile diets are similar with a preference for larger prey as they increase in booy 
size. They are not dependent on any specific shellfish for diets and therefore are not likely to be 
affected by increasing ocean acidification. Spiny Dogfish are considered highly migratory and 
are not limited in their mobiity, undertaking both north-south migrations as well as 
inshore-offshOre movements. They are known to travel in large dense packs, segregated by 
size and sex. Trawl studies have also indicated that spiny dogfish undertake daily vertical 
migrations, likely associated with prey movements. Spiny Dogfish exhibit lecithotrophic 
vtv1par1ty, wnere1n me motner 01nns a utter or rrom 2-·1s pups (average size 6.6 pups) on 
offshore wintering grounds after a gestation period of from 18-24 months. Pups are released 
alive and fully formed, and are usually between 20-33 cm long (Castro 1983). Spiny Dogfish are 
found in temperatures rangilg from 4.2 to 18.7° C (Fishbase), while preferring temperatures 
from 7 to 12°c, and, in general, are found inshore in summer and in deeper offshOre waters in 
winter. Seasonal migrations are associated with water temperature. Spiny Dogfish migrate north 
in spring and summer and south in fall and winter when temperatures decrease. Spiny Dogfish 
have a slow population growth rate, based on a low intrinsic rate of increase (0.034; Smith et al. 
1998), an old maximum age (i.e., 35--40 years; Bubley et al. 2012) , a late age-at-maturity (12 
yrs females, 6 yrs males; Nammack et al. 1985), a large maximum body size (1 .25 m), and a 
low natural mortality rate (0.09; NEFSC 2003). The species is likely to be slow to recover from 
population depletions. A 2018 stock assessment update indicates the population is not 
overfished nor experiencing overfishing. The spawning stock biomass estimate of 235 million 
pounds is slightly above the SSB threshold of 175 million pounds, While the fishing mortality 
estimate (0.202) is just below the fishing mortality threshold (0.2439) (ASMFC 2019). Despite 
remaining above the threshold, biomass has declined in recent years, requiring a significant 
reduction in 2019-2020 to ensure that overfishing does not occur. The next benchmark stock 
assessment is currently scheduled for completion in 2022. It is unknown whether genetic 
variation of Spiny Dogfish has been compromised, but there have been large fluctuations in 
SSB, and variable recruitment (TRAC 2010). The primary threat to Spiny Dogfish is overfishing, 
while other potential stressors which could affect coastal or benthic habitat on which spiny 
dogfish or their prey rely are coastal development. pollution, dredging and bottom trawling 
(ASMFC 2002). 
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Spiny Lobster - Panu/irus argus 
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Caribbean Spiny Lobster (Panulirus argus) 

Overall Climate Vulnerability Rank: Very High. 15% bootstrap results in [High], 85% bootstrap 
results in Very High. 

Climate Exposure: Very High. Three exposure factors contributed to this score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (4.0). Exposure to all three factors 
occurs during the life stages. Larvae float in the oceanic plankton for 6-12 months, juveniles 
remain in seagrass beds and nearshore coral reefs for several months before becoming 
subadults and moving to deeper offshore coral reefs. 

Biological Sensitivity: High. Two sensitivity attributes scored above 3.0: Habitat Specificity (3.1) 
and SensitiVity to Ocean Acidification (3.8). Additionally, Other Stressors scored border1ine high 
at 2.9, likely due to exposure to anthropogenic impacts during estuarine residence. Spiny 
lobster will likely be affected by increasing ocean acidification (Ross & Behringer 2019; 
GraVinese et al. 2020). 

Distributional Vulnerability Rank: Low. While spiny lobster have widety dispersing ear1y life 
stages, adults are behaviorally limited in their mobility by predator avoidance, and they exhibit 
relatively high habitat specialization. 

Directional Effect in the Southeast U.S. Shelf: The effect of climate change on Caribbean Spiny 
Lobster on the Southeast U.S. Shelf is estimated to be negative. Research suggests that 
crustaceans may be negatively impacted by ocean acidification (Mustafa et al. 2015) and 
chemosensory reception that may affect settlement and microhabitat utilization by larval and 
juvenile Caribbean Spiny Lobsters is impaired by ocean acidification (Ross & Behringer 2019; 
GraVinese et al. 2020). Caribbean Spiny Lobster utilize a variety of habitats that are likely to be 
negatively impacted by climate change (seagrass, mangroves, coral reefs). Larvae spend from 
6-12 months in oceanic plankton and are dependent on currents for transport to suitable nursery 
habitat. 

Data Quality: 92% of the data quality scores were 2 or qreater. Early Life History Settlement 
and Survival Requirements was identified as an area with a paucity of data. while being scored 
as an attribute of moderate sensitivity to climate change. 

Climate Effects on Abundance and Distribution: Caribbean Spiny Lobster are shell-forming 
invertebrates that consume a preponderance of smaller invertebrates (gastropods, bivalves, 
crustaceans, annelids and echinO<lerrns) and are likely to be negatively affected by Ocean 
Acidification. However, studies on American Lobster (Homarus americanus) found that juvenile 
shell growth increased under tower aragonite saturation state, indicating there might be positive 
effects of ocean acidification (Ries et al. 2009), while larval growth decreased, development 
limes increased, and chemosensory reception was impaired under lower pH conditions (Keppel 
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et al. 2012; Ross & Behringer 2019; Gravinese et al. 2020). Growth and survival has been found 
to be affected at water temperatures exceeding 32 •c (89.6 °F) (Witham 1974; Aiken 1980). 

Life History Synopsis: Caribbean Spiny lobsters occur from North Carolina soutll to Brazil 
including Bermuda, tile Guli of Mexico. West Indies and Caribbean. The northernmost extent of 
the range is North Carolina (Williams 1984 ). Larvae float in tile oceanic plankton for 6-12 
months before becoming second stage larvae. which tllen swim to nearshore shallow nursery 
grounds, usually seagrass or algal-mat habitats. After metamorphosing into juveniles, they 
remain in the seagrass beds, mangrove creeks or nearshore coral reefs for several months 
before becoming subadults and moving offshore to deep reefs, eventually transitioning to 
reproductively active adults(Alfonso et al. 1991; Hemkind 1980; Marx and Hernkind 1985; Moe 
1991 ). Larvae feed on small snails and crabs. Adults will eat almost anything, and typical prey 
items include a variety of slow-moving or sedentary organisms including gastropods, bivalves, 
crustaceans, annelids and echinoderms. Adults are not limited in their mobility but stay in their 
dens during the day to avoid predators. coming out to forage for food at night. It is likely that 
predator avoidance may limit tlleir mobility somewhat for periods of time. Caribbean Spiny 
lobster spawn from April to October in Florida, typically in nearshore and offshore reef fringes 
and other hardbottom areas (Kanciruk and Hernkind 1976; Lyons et al. 1981). Lyons et al. 
(1981) reported spawning begins when water temperatures reach 24° C in deeper reef areas. In 
Florida, there is little evidence that Caribbean Spiny Lobster spawn more than once per year. As 
water temperatures decrease in fall and winter months botll sexes migrate offshore. sometimes 
in mass migration single file lines tllat stretch long distances. Eggs are carried by females until 
they tum brown and hatch, approximately tllree weeks after fertilization. The pelagic larval 
duration is one of the longest of any marine animal, and may result in larvae being carried 
thousands of kilometers by currents before settlement in vegetated areas of algal/seagrass 
beds or mangrove areas. While occurring from North Carolina to Brazil, they prefer areas where 
the minimum bottom water temperature is 20°C. The species is likely to be adversely affected by 
increasing ocean acidification, both directly (exoskeleton contains both chitin and calcium 
carbonate; growth and chemosensory effects) and indirectly (preferred food items include 
snails, crabs, clams and urchins). There is limited information available about the population 
growth rate of Caribbean Spiny Lobster. Based on moderate to high vulnerability imparted by a 
low growth coefficient, a moderate natural mortality rate, and a medium longevity, it is likely that 
this species would have some difficulty recovering from population disturbances. Caribbean 
Spiny Lobster stocks in the SEUS were not found to be overfished by a SEDAR stock 
assessment (SEDAR 201 O). IUCN considers the species to be data deficient but stable in 
Florida. There is no information available about genetic variation. Mangrove and seagrass bed 
nursery areas are subject to coastal development disturbances such as propeller damage from 
boats, dredging/filling, agricultural runoff, and wastewater discharge. Changing climate effects 
such as sea level rise, storm surge, and extreme storms could also impact these habitats. 
Sponge loss negatively impacted lobster populations (Behringer and Hart 2017). Another major 
threat to species is PAV1 disease, affecting one in four recruits in the Caribbean. Climate 
change impacts (increased temperature. salinity, ocean acidification) could decrease the ability 
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of Spiny Lobster to select appropriate shelter and avoid diseased conspecifics, thereby leading 
to a greater chance of infection (Ross and Behringer 2019). 
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Spot - Leiostomus xanthurus 
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Spot (Leistomus xanthurus) 

Overall Climate Vulnerability Rank: Moderate. 100% bootstrap results in Moderate. 

Climate Exposure: Very Hi!1J. Four exposure factors scored~ 3.5: Salinity (3.9), Ocean 
Acidification (4.0), Air Temperature (4.0) and Sea Level rise (3.6). Spot are found in coastal and 
shelf waters as adults, and juveniles utilize seagrass meadows and fidal creeks as nursery 
habitat (Spitsbergen and Wolff 1976). 

Biological Sensitivity: Low. A single sensitiVity attribute scored ~2.5: Spawning cycle (2.6). 

Distributional Vulnerability Rank: High. Spot are habitat generalists that are mobile, and have 
dispersive early life stages. Additionally, they have a fairly broad temperature tolerance. 

Directional Effect in the Southeast U.S. Shelf: The effect of climate change on Spot on the 
Southeast U.S. Shelf is estimated to be neutral. Spot are widely distributed along the eastern 
seaboard and wanming temperatures may increase suitable habitat in northern areas, although 
changes to oceanic circulation patterns may affect recruitment from southern areas to the 
mid-Atlantic. There may be minor effects of ocean acidification from the inciusion of 
invertebrates in their diet. 

Data Quality: 100% of the data quality scores were 2 or greater. 

Climate Effects on Abundance and Distribution: Spot consume amphipods, gastropods, 
copepods, and other invertebrates, thus negative effects of Ocean Acidification on these prey 
items could have consequences for fitness of Spot. Increasing Ocean Surface Temperature 
could affect survival of larval and juvenile Spot, as upper thermal tolerance is approximately 
35°C. Another temperature effect could be delayed movement of adult Spot offshore to spawn 
because the normal cue of falling temperature is delayed. Sea Level Rise. storm surge, and 
extreme storms could potentially affect the seagrass beds. marsh creeks and tidal creeks that 
postlarval and juvenile Spot prefer. Perez (1969) found that Spot were more active under lab 
conditions when salinity changed quickly, suggesting that they may actively try to avoid areas 
where salinity levels change rapidly. 

Ljfe History Synopsjs: Spot is a small demersal member of the drum family (Sciaenidae) 
distributed in the western Atlantic Ocean from Cape Cod, MA along the east coast (absent 
south Florida and Florida Keys). and throughout the Gulf of Mexico to Campeche, Mexico 
(Bigelow and Schroeder 1953). Juvenile Spot prefer shallow water (<Sm) areas with fine 
sediment (Stickney and Cuenco 1982; Phillips et al. 1989). Seagrass meadows and tidal creeks 
are important nursery habitats for postlarval and juvenile Spot (Spitsbergen and Wolff 1976). 
These areas are common, but are increasingly impacted by anthropogenic activities 
(urbaniZation. pollution). Adult Spot occur in coastal and shelf waters in late summer and fall in 
order to spawn, and are found in estuaries and bays during other portions of the year. They are 
tolerant of salinities of up to 60 ppt, but are less abundant in low salinity areas. Semi-demersal, 
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they are usually found over sandy and muddy bottoms. They are generalists that utilize both 
physical (sandy bottoms) and biological (seagrasses in estuaries),but are not entirely dependent 
on these habitats. Juvenile Spot are benthic, grazing generalists (Hooson et al. 1981 a; 
Woodward 1981; Livingston 1982) that forage effectively regardless of substrate type, thOugh 
they prefer sand or mud (Ross 1980; Cowan and Birdsong 1985). Juvenile Spot from 40-99 mm 
feed on ostracods, copepods, isopods, amphipods, small gastropods. foraminifera, calanoids 
and nematodes (Philips et al. 1989). Adults are generalist as well, consuming zooplankton and 
benthic infauna. with polychaetes most frequently observed in gut contents. Other prey types 
IncIuaeo ampnipoas. cumaceans, gastropoas. nematoaes. mys1as. ana copepoas (Cnao ana 
Musick 1977). Adult Spot do not have limited mobility, and undertake movements from inshore 
habitat to spawning habitat on the continental shelf. Spot spawn in relatively deep waters on the 
continental shelf, usually from October through March. peaking in December ana January, in the 
southeastern U. S. (Townsend 1956; Lewis and Judy 1983; War1enand Chester 1985). Hettler 
and Powell (1981) reported spawning occurred at 17-25°C in the laboratory. Spot embryos did 
not develop at temperatures below 14°C; however, larvae can tolerate temperatures as low as 5 
°C. (Hettler and Clements 1978). Eggs hatch approximately 24 hrs after fertilization, ana larvae. 
with limited swimming ability, drift with currents for up to 40-50 days (Powell and Gordy 1980; 
War1en ana Chester 1985). The Gulf Stream likely aids larval Spot transport to estuaries and 
bays along the southeast us Atlantic coast. Larval Spot aggregate a: estuary openings during 
ingress (Phillips et al. 1989), and predator increases during this pericd could potentially affect 
the stock. Settlement occurs near the openings of estuaries and bays (Phillips et al. 1989), likely 
triggered by reductions in salinity. Changes to freshwater flow (either increases or decreases) 
may affect successful settlement in these locations. Spot have a preferred temperature range of 
13.2 -26.37 •c. mean 24 °C. The species has a limited depth distribu'.ion. but moves to deeper 
waters during winter months. No diel vertical migrations are noted in the literature. Spot prey 
upon many invertebrates. including pteropods, copepods, and bivalves, making them potentially 
vulnerable to an increasingly acidic ocean. Spot have a high populaton growth rate. as 
indicated by a low maximum age (6 years). a moderately high natural mortality rate (0.54), a 
small maximum body size (36 cm), a young age at maturity (2-3 years. Hales ana van Den 
Avyle 1989). The species should be quick to recover from population disturbances. Despite 
being a major component of trawl catches in the southeast. there is no stock status survey in 
any state except for Virginia. Trends in abundance, both juvenile and adult, have fluctuated with 

no apparent trends for the last several years. There are no indications of significant population 
declines. and IUCN lists Spot as a species of least concern. There are no studies in the 
literature indicating genetic structure in populations on the east coast Because of their use of 
estuaries and bays, anthropogenic and urbanization impacts to these habitats (coastal 
development. dredging, hypoxia, reduction in seagrass beds, changes in timing and volume of 
freshwater inputs) are a major potential stressor. 
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Spotted Seatrout - Cynoscion nebu/osus 

Overall Vulnerability Rank = High D 

Biological Sensitivity = Moderate D 
Climate Exposure = Very High ■ 
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Spotted Seatrout ( Cynoscion nebu/osus) 

Overall Climate Vulnerability Rank: High. 28% bootstrap results in Moderate, 72% bootstrap 
results in High. 

Climate Exposure: Very Higi. Four exposure factors scored~ 3.5: Air Temperature (4.0), Ocean 
Acidification (4.0), Salinity (3.7), and Sea Level Rise (3.5). Spotted seatrout use a range of 
habitats including lower estuarine areas, nearshore beach areas, and seagrass beds, where 
they are exposed to all of these environmental exposure factors. 

Biological Sensitivity: Moderate. Two sensitivity attributes scored ~: 2.5: Ear1y Life History 
Settlement and Survival Requirements (2.8) and Dispersal of Ear1y Life Stages (2.6). Spotted 
Seatrout spawning outside of estuaries require tidal stream transport of propagules into 
estuaries to ensure survival. 

Distributional Vulnerability Rank: Moderate. Spotted Seatrout adults are mobile, though they 
tend to remain close to their natal bays. Early life stages are either spawned in estuaries or in 
nearsnore waters close to estuarine nursery areas. Preferred habita: type is not rare but they 
do require estuaries or seagrass beds for nursery function. 

rnrecjjona1 Effect io the southeast u s Shelf: The effect of climate change on Spotted seatrout 
on the Southeast U.S. Shelf is estimated to be positive. Adult distribution may extend 
northwards as warming continues, but the magnitude of this extension could be minimal. The 
effect of ocean acidification is expected to be moderate due to a reliance on crustaceans in their 
diet. Sea Level Rise effects on obligate estuarine habitat could nave an impact on Spotted 
Seatrout. 

Data Quality: 100% of the data quality scores were 2 or greater. Eany Life History Settlement 
and Survival Requirements was scored as marginally data-deficient (2.0), likely due to lack of 
infonnalion about environmental cues necessary to stimulate settlement. 

Climate Effects on Abundance and Distribution: There is little infonnation about the effect of 
climate on Spotted Seatrout productivity or distribution. Working in the Gulf of Mexico, 
Froeschke and Froeschke (2011 ) found that distribution of juvenile Spotted Seatrout was 
strongly associated with temperature and salinity, as was liming of spawning (Brown-Peterson 
et al. 2002). Kearney et al. (2015) found minimal decreases in Spotted Seatrout habitat 
availability under several climate change scenarios in Florida Bay. 

Life History Synopsis: Spotted Seatrout are distributed in the western Atlantic from Long Island, 
New York south along the U.S. coast and throughout the Gulf of Mexico except for Cuba (Chao 
et al. 2015). Center of abundance for the species is the Gulf of Mexico and Florida waters 
(Pearson 1929). Larvae prefer seagrass habitats and utilize shallow marsh habitats in South 
Carolina, North Carolina, and Georgia in areas lacking submerged aquatic vegetation. Juveniles 
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utilize seagrass beds as major habitat, and are also found less commonly in unvegetated 
backwaters (McMichael and Peters 1989). Juvenile habitat is widespread but subject to 
anthropogenic disturbance. Adults use a range of habitats including lower estuarine areas, 
seagrass beds. live oyster beds, creek mouths. drop-offs and structures uetties, stumps, pilings, 
wrecks) and nearshore beach areas (Chao et al. 2015). These habitats are not rare but are 
often disturbed. Spotted Seatrout larval diet is dominated by copepods and bivalve larvae. 
Juveniles eat mysids and caridean shrimp; larger juveniles eat penaeid shrimp and fishes, 
including killifish and mojarras (Able and Fahay 2010, Johnson and Seaman 1986). Adults are 
opponunIs11c carnivores. consuming prImar11y nsnes. IncIudIng ancnovIes, pInnsn. mullets. 
silvesides, and croakers. Diet may vary by season and habitat (Able and Fahay 2010. Chao et 
al 2015, Johnson and Seaman 1986). Spotted Seatrout are highly mobile, yet behaviorally they 
will stay in or within close proximity to their natal bay for their entire life (Bortone et al. 2003). A 
Georgia tagging study of adult Spotted Seatrout found the average distance moved to be <9km, 
although one fish travelled 105 km (Music 1981 ). Spotted Seatrout spawn in nearshore and 
estuarine waters (Mercer 1984) and spawning is strongly influenced by temperature and salinity, 
with optimal conditions to be 25-28°C and 30-35 ppt (Johnson and Seaman 1986). If spawning 
occurs outside the estuaries then thOse eggs and larvae are dependent upon tidal stream 
transport into the estuary for survival. They are multiple spawners with an average time between 
spawns of 3.6 days (Brown-Peterson et al. 1988). This indicates that a female may spawn 9 - 60 
times in a spawning season, and release 3 - 20 million eggs annually (Murphy et al. 1999). Eggs 
can be either demersal or pelagic depending upon salinity (Powell et al. 2004 ), and hatch 
approximately 18 hours after fertilization (Holt et al. 1985). The larvae persist for 20 days before 
metamorphosis (Holt et al. 1985). Settlement is into estuarine habitats, and preferred 
larval/juvenile food (copepods, bivalve larvae) should be readily available year round (Holt and 
Holl 2000). Optimum temperatures are 15-27 •c for adult Spotted Seatrout (Tabb 1958) and 
23-33 •c for larvae (Taniguchi 1980). Spotted Seatrout usually avoid winter kills due to cold 
temperatures by migrating to deeper. warmer channels or offshore waters, usually when air 
temperatures drop below 7 •c for 12 hours or more. remaining in these deeper areas through 
the winter (Tabb 1958). Spotted Seatrout also migrate in response to high water temperatures in 
hot summer months, with Mahood (1974) reporting that they seek oll colder, deeper waters in 
the warmest summer months. Spotted Seatrout will likely be affected by increased ocean 
acidification as crustaceans are a primary diet item of juveniles. Spotted Seatrout have a 
moderate population growth rate, with a young age-at- maturity and a medium longevity 
indicating resilience to population disturbance, but a low growth coefficient, large maximum size 
and a moderately high natural mortality rate indicating some vulnerability. The species is likely 
to have some difficulties responding to depletion events. A stock assessment for Spotted 
Seatrout in Mississippi waters found the species to be overfished (Leaf et al. 2016), but extreme 
caution should be used before applying these results to east coast populations. Due to the 
non-migratory habits of the species, there has been no coast-wide assessment of the species 
by the ASMFC, rather the individual states conduct age-structured assessments. Significant 
genetic variation was found between populations in different Atlantic coast estuaries (O'Donnell 
et al 2014 ). Other potential stressors include anthropogenic effects on estuarine habitat. where 
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they spenct the majority of tlleir life cycle. Harmful algal blooms have a major impact on 
populations in the Gulf of Mexico, but could also impact east coast fish as well. 
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Striped Bass - Morone saxatifis 

Overall Vulnerability Rank = Very High ■ 
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Climate Exposure = Very High ■ 

Data Quality = 92% of scores ;c: 2 
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Striped Bass (Morone saxiti/is) 

Overall Climate Vulnerability Rank: Very High. 32% bootstrap results in High, 68% bootstrap 
results in Very High. 

Climate Exposure: Very High. Three exposure factors contributed to this score: Salinity (3.5). 
Ocean Acidification (4.0) and Air Temperature (4.0). Exposure to all three factors occurs during 
the life stages. Striped bass are found in inshore coastal, estuarine aid riverine habitats. 

Biological Sensitivity: High. Three sensitivity attributes scored ;:: 3.0: Early Life History 
Settlement and Survival Requirements (3.4), Spawning Cycle (3.5) and Other Stressors (3.1). 
Striped bass are exposed to a variety of anthropogenic stressors during their estuarine/riVerine 
residence. The species is anadromous. spawning once a year. There is some evidence that 
larval and year class success is lied to the amount of zooplankton available. which could be 
temperature-linked. 

Distributional Vulnerability Rank: High. Three attributes indicated high potential for distribution 
shift: high adult mobility, moderately dispersive early life stages, and low habitat specialiZation. 

Directional Effect in the Southeast U.S. Shelf: The effect of climate change on Striped Bass on 
the Southeast U.S. Shelf is overwhelmingly projected to be negative (85% of scores). Increasing 
temperatures could lead to reduced levels of dissolved oxygen in wa:er, decreasing the amount 
of suitable habitat (Coutant 1990). Higher water temperatures may also affect the timing of 
striped bass spawning, creating a mismateh between the production of young striped bass and 
their food. Higher precipitation may increase recruitment, but combined with sea-level rise may 
decrease the salt wedge area where Striped Bass spawn. Additionally there may be some 
effects of ocean acidification on the invertebrates consumed by Striped Bass. 

Data Quality: 92% of the data quality scores were 2 or greater. Sensitivity to Ocean 
Acidification was scored as low (1 .8) but was not determined to be a highly sensitive attribute, 
likely because althOugh striped bass may include shelled organisms in their diet, experts 
believed they are enouQh oi a diet Qeneralist to overcome any effects of ocean acidification on 
their diet. 

Climate Effects on Abundance and Distribution: Several studies indicated that Striped Bass 
productivity can be influenced by climate change. Increasing summer temperatures resulted in a 
reduction of habitat in Chesapeake Bay (Coutant and Benson 1990). North and Houde (2003) 
found that egg and larval distribution relative to the position of the salt wedge and estuarine 
tumidity maximum affected recruitment success. In a study from the Hudson River, O'Connor et 
al. (2012) found that larval abundance was greater in years with higher freshwater inputs. These 
studies indicate that temperature. precipitation, and sea-level rise nave the potential to affect 
population productivity of Striped Bass. 
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Ljfe Hjstory synopsjs: Striped Bass is a large (historically to 125-140 pounds; Smith 1907. 
Franklin 2007. NEFSC 2019). long-liVed (maximum documented age to 31 years. Appleman et 
al. 2019, ASMFC 2019, NEFSC 2019), anadromous, schooling species which ranges from the 

Canadian maritimes (Dadswell et al. 2020) and along the US Atlantic Coast from Maine to the 
St. Johns River on the Florida east coast (Lee et al. 1980; Fay et al. 1983; Hill et al. 1989; Rago 

1992; Rulifson and Dadswetl 1995; Richards and Rago 1999; Laney2009; ASMFC 2019). It 
also occurs in northern rivers of the Gulf of Mexico. The Atlantic slope riverine populations 
south of the Roanoke River in North Carolina are largely non-migratory (Boreman and Lewis 
'1987, Laney 2009, ASMFC 20·19), mererore mis account rocuses on tne anaaromous At1an11c 
Migratory Striped Bass stock which has historically used the Atlantic Ocean from New England 

to North Carolina as summer, fall and winter habitat (Boreman and Lewis 1987, Laney 2009, 
Callihan et al. 2014, Callihan et al. 2015, ASMFC 2019). Juvenile anadromous Striped Bass are 
found within their natal rivers and gradually move downstream to estuaries and shoreward 

during their first summer. using a wide variety of microhabitats (see review in Laney 2009; also 
see Callihan et al. 2014 ). The major estuaries serving as primary nursery areas for the Atlantic 

migratory stock are Long Island Sound, Delaware Bay, Chesapeake Bay and Albemarle and 
Pamlico Sounds (Laney 2009, Callihan et al. 2015, ASMFC 2019). Sexually mature Striped 
Bass (45 % of females mature by age 6, 100% by age 9; ASMFC 20-J9) home to natal rivers to 

spawn in the spring (Callihan et al. 2015, Harris and Hightower 2017). using temperature as a 
primary cue for migration and spawning, therefore they may be particularly susceptible to 
respond to increasing temperatures resulting from climate change (Najjar et al. 2000, Najjar et 
al. 2010, Aldous et al. 2011, Peer and Miller 2014, Dugdale et al. 2018). Estuarine habitats in 
which adult Striped Bass reside either permanently or temporarily are already subject to "habitat 

squeeze· (Coutant and Benson 1987) as a result of their relatively narrow dissolved oxygen and 
temperature preferences, and their habitats are projected to shrink even further under projected 

climate changes, but could expand further north as the growing season there lengthens 
(Limburg et al. 2016, Dugdale et al. 2018, Lleras 2019). Analysis also suggests that some 
diseases. as well as harmful algal blooms. may also increase Striped Bass mortality as 

temperatures increase (Vogelbein et al. 2009). Striped Bass are more generalist predators as 
adults but undergo ontogenetic shifts from eating zooplankton, mysids, chironomids and 

amphipods as juveniles (Cooper et al. 1998), to benthic crustaceans. cephalopods, and fishes 
as adults (Manooch 1973, Nelson et al. 2003, Rudershausen et al. 2005, Nelson et al. 2000, 
Howe et al. 2008, Overton et al. 2008, Murphy 2018, Staudinger et al. 2020). Striped Bass in 

the northern portions of ther range prey on federally-listed Atlantic Salmon (Andrews et al. 
2019a-b, Daniels et al. 2019). and may derive a significant portion of their diet and nutrition from 
benthic prey, including American Lobster (Murphy 2018), invasiVe Green Crab (Davidsohn 

2019) and Sana Lance (Staudinger et al. 2020). Striped Bass may not be affected by increased 
ocean acidification given that their riverine, estuarine and oceanic diet is largely piscivorous 

(Manooch 1973, Rudershausen et al. 2005, Nelson et al. 2006, Overton et al. 2008). However. 
they sometimes prey more heavily, especially seasonally (Nelson et al. 2006), upon crustacean 
species (i.e., American Lobster and Blue Crab juveniles. see Nelson et al. 2006, Overton et al 

2008) for which additional research on the impacts of ocean acidification is needed (Whiteley 
2011, Jewett et al. 2020). There is some evidence that ocean acidification can affect shell 
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quality in chitinous shells (Mustafa et al. 2015), and thus might affect the productivity of Striped 
Bass. Migratory Striped Bass have complex reproduction and spawn in their natal rivers 
throughout their Atlantic Coast geographic range from the Roanoke and Chowan rivers in North 
Carolina north to the St. Lawrence River in spring and summer months (Hocutt et al. 1990, 
Laney 2009, Callahan et al. 2015, Harris and Hightower 2017). Ecological criteria for spawning 
include: appropriate riverine flow regimes at various temporal scales, including suitable spring 
attractant flows for stocks migrating to inland spawning grounds, and suitable flows during the 
spawning season; appropriate temperature regimes; appropriate dissolved oxygen levels; 
absence or aoverse IeveIs or turo10Ity, pH, ano contaminants; ano suitable prey resources ror 
larval Striped Bass (Laney 2009). The spawning season occurs in spring and is thought to be 
triggered by a combination of photoperiod and water temperature. Mature adults usually initiate 
spawning runs when temperatures reach 14.4°C, exhibit peak activity from 15.8 to 19.4°C, and 
cease spawning at 20 to 25°C (Laney 2009). Other temperature extremes reported for spawning 
were a low of 10°c (IEM 1973) and a high of 26.5°C (Combs 1979). Adults are highly mobile, 
yet also show high spawning site fidelity (philopatry; McBride 2014) to their natal rivers 
(Callahan et al. 2015) as well as site fidelity to summer feeding areas in New England and the 
Mid-Atlantic (Ng et al. 2007; Mather et al. 2009, 2010; Murphy 2018). Smaller (400-500 mm total 
length) Striped Bass migrated hundreds of kilometers along the Atlantic Ocean coast, but 
ceased their mobile lifestyle in summer when they used a relatively localized area for foraging 
and returned to those same foraging areas in subsequent years (Mather et al. 2009, Pautzke et 
al. 2010). Striped Bass occur across a fairty wide range of temperatu-es within their geographic 
distribution. The thermal niche of adult striped bass. based on a literature review by Coutant 
(1985), was 18 to 25°C (centered around 20°C). Because Striped Bass, especially those living 
in the US south Atlantic portion of the range, are already close to thermal and DO limits. they 
are particularly susceptible to increasing temperatures (Lleras 2019), and projections indicated 
that their spawning window and habitat conditions may change significantly in the future 
(Muhling et al. 2019, Nack et al. 2019). Striped Bass had a higher "exploratory potential index" 
than any other east coast anadromous species assessed by Massiot-Granier et al. (2018). This 
metric estimates the capacily of a species to initiate the act of leaving their current habitats and 
to reach new ones outside of their range, at a rate fast enough to keep pace with climate 
change. Survival of striped bass eggs to hatching is primarily associated With relatively narrow 
tolerances to certain physicochemical factors, including temperature, dissolved oxygen, and 
current velocity. Development rates of striped bass egg and larval stages are temperature 
dependent. within the range of temperatures at which the stages remain viable. Appropriate 
dissolved oxygen levels and current velocities are also required to maintain viability and keep 
egg and early larval stages in suspension (Cooper and Polgar 1981, Laney 2009). Several 
authors documented hatching at approximately 48 hours after fertilization at a temperature of 
18°C (Bain and Bain 1982). In other studies, hatching time varied from 29 hr at 22°c to 80 hr at 
11°c (Pearson 1938; Raney 1952; Mansueti 1958; Hardy 1978). Larvae drift downstream with 
riverine currents. Timing of larval drift and arrival in locations where prey are abundant is highly 
dependent on river discharge and other factors (Rulifson 1984 ). Striped Bass have variable 
individual growth rates, depending on season, age, sex, competition and location (NEFSC 
2019). A 35-inch (889 mm) striped bass can be 7 to 15 years of age and a 10-pound (4.5 kg) 
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Striped Bass can be 6 to 16 years old (ODU CQFE 2020). They also have an old maximum age 
(i.e., 31 years: Laney 2009,ASMFC 2019, NEFSC 2019), historically row natural mortality rate 
after age 6 (NEFSC 2019), and large maximum body size. Since 1997, the arrival of 
mycobacteriosis disease in the Chesapeake Bay has increased the natural mortality rate 
(NEFSC 2019). Female SSB for Atlantic striped bass in 2017 was 68,476 mt, below the SSB 
threshold, indicating the stock is overfished (ASMFC 2019). Fin 2017 was 0.307, above the F 
threshold, indicating the stock is experiencing overfishing (ASMFC 2019). Although the ASMFC 
assesses coastal Atlantic migratory Striped Bass as a single stock, the species homes to natal 
nvers ror spawning ana In actuality consists or mu111pIe 0I0IogIcaI popuIauons, wItn 50-80 
percent of the ocean migrants historically derived from the Chesapeake Bay ecosystem, and 
lesser percentages from the Hudson River. Delaware River and Roanoke Rivers (Laney 2009, 
Callihan et al. 2015, Harris and Hightower 2017, ASMFC 2019). Other potential stressors for 
Atlantic migratory Striped Bass include increased likelihood of disease and harmful algal blooms 
under climate change, as well as potential increased susceptibility to environmental 
contaminants due to extreme storm events. Vogelbein et al. (2009) note that "Climatic factors 
that increase the frequency and duration of hypoxic episodes may exacerbate mycobacteriosis 
[in Striped Bass). A future climate that indudes warmer summers with weak summer winds, 
highly variable precipitation. and rising sea level with increasing salinities in the [Chesapeake) 
Bay may have such an effect." Groner et al. (2018) conclude that" ... these fish are living at their 
maximum thermal tolerance and that this is drilling increased disease and mortality ... .- The 
complex interactions between climate change and pollutants may also be particularly 
problematic for species living at the edge of their physiological tolerance range where 
acclimation capacity may be limited (Noyes et al. 2009). 
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Striped Mullet (Mugil cepha/us) 

Overall Climate Vulnerability Rank: Moderate. (91% bootstrap results in Moderate, 9% bootstrap 
results in High). 

Climate Exposure: Very Higi. Four exposure factors contributed to this score: Salinity (3.9), 
Ocean Acidification (4.0), Air Temperature (4.0) and Sea Level Rise (3.6). Striped Mullet are a 
euryhaline, pelagic nearstxlre species. It inhabits inshore marine waters, estuaries, lagoons 
and rivers where it is exposed to all these exposure factors. 

Biological Sensitivity: Low. One sensitivity attribute scored~ 2.5: Spawning Cycle (2.7).Striped 
mullet form large aggregations prior to migrating offshore to spawning grounds. These 
aggregations are temporally and spatially predictable and subject to exploitation. Spawning 
season is discrete (2-3 months). 

rnstrjbuUonal Y111nerability Rank· High. Three attributes indicated high potential for distribution 
shift: high adult mobility, dispersive early life stages. and relatively low habitat specialization. 

Directional Effect on the Southeast U.S. Shelf: The effect of climate change on Striped Mullet on 
the Southeast U.S. Shelf is estimated to be positive, although there are conflicting signals. 
Striped Mullet are eurythermal and euryhaline, and abundance Will likely increase as a result of 
warming temperatures in regions outside the southeast. However, Lan et al. (2017) showed that 
increasing sea surface temperatures, interacting with excessive levels of exploitation, led to 
successive years of poor recruitment of Striped Mullet populations in Taiwan. Timing of 
migrations to offshOre spawning grounds is thought to be cued by falling water temperatures 
and could be delayed by warming. Changes in existing oceanic circulation could have an effect 
on Striped Mullet populations (the Pacific Oecadal Oscillation affected sea surface temperature 
variations, affecting the ablfldance and migration behavior of Grey Mullet in the Taiwan Strait; 
Lan et al. 2017).The effect of ocean acidification is likely to be negligible. 

Data aualjty: 92% of the data quality scores were 2 or greater. Stock Size/Status was 
determined to be data-deficient. North Carolina populations were determined to have declined 
from 2011 to 2018 (NCDMF 2018), and the state is in the process of updating its stock 
assessment. 

Climate Effects on Abundance ang rnstrjbution: Striped Mullet are distributed along the entire 
eastern seaboard and up into Canada, occupying a wide range of salinities and temperatures. 
Critical thermal maxima for juvenile mullet ranged from 30°C to 42.5°C (Major 1978), indicating 
that Striped Mullet may be forced to move from the southern end of lheir range in the face of 
elevated temperatures. There is some evidence from the literature that productiVity could be 
inhibited by extreme temperatures, as growth of embryos was retarded at temperatures above 
26°C (Kou et al.1974). Dindo et al. (1978) reported that initiation of rapid gonadal growth and 
reproductive readiness was linked to shortening photoperiod and declines in water temperature, 
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indicating that warming ocean temperature could delay spawning and thereby influence 
productivity. 

Life History Synopsis: Striped mullet is a euryhaline, pelagic nearshore species; it sometimes 
forages in lagoons. estuaries and lower courses of rivers and can tolerate freshwater. It inhabits 
inshore marine waters, estuaries. lagoons and rivers where it can tolerate wide ranges of 
temperature and salinity. Jweniles are most common in impounded areas, around mangroves, 
in seagrass beds, and offshore throughout the late fall and winter. and are able to tolerate 
salinities from 0-35 ppt (Bester 2004 ). Adults often enter estuaries and rivers and form schools 
over sand or mud bottoms (Eschmeyer et al. 1983, Thompson 1986, Allen 1991, Yamada et al. 
1995, Allen et al. 2002). Adults are found in waters ranging from 8 - 24°C, and O - 75 ppt 
respectively. The species is benthopelagic and catadromous, and is usually found at depths of 
0-10 m. but can be found as deep as 120 m (Moreira 1992, Harrison 1995, Riede 2004). 
Juvenile Striped Mullet feed on detritus, micro-algae and benthic organisms (Blaber 1976, Tung 
1981 , Cardona 2000). Adults feed on these as well but are more fleXible in their diets. Bishop 
and Miglarese (1978) found that the principal food sources of adult striped Mullet are detritus 
and epiphytic algae. but observed Striped Mullet feeding opportunistically on swarming 
potychaetes (Nereis spp.). The species will select food with higher caloric value whenever 
presented with the opportunity (Odum 1970). Striped Mullet are highly mobile, but there is 
variability in the extent they migrate, with some populations undertaking extensive migrations 
40-50 miles offshOre in water 1000 ft deep in the Gulf of Mexico (FL museum) and other studies 
(again from the GoM) reporting that they do not make extensive migrations in the region and 
return to their original bay system after spawning (Funicelli et al. 1989; Hill 2004). In general 
Striped Mullet do not move or migrate extensively, and the greatest distance moved occurs 
during fall-Winter spawning migrations to offshore waters (Leard et al 1995). Mature Striped 
Mullet aggregate near river mouths, inlets. and lower reaches of estuaries in the early fall in 
preparation for migrating offshore to spawn. Environmental cues such as falling water 
temperatures, passage of cold fronts, and falling barometric pressure are thought to trigger 
aggregation and subsequent migration (Mahmoudi 2000). Spawning occurs on the continental 
shelf, at depths of 40-1650 m, approximately 50-100 km offshore (McEachran and Fechhelm 
1998, Ibanez et al. 2012). They are isochronal spawners, meaning all eggs mature at the same 
time, but females release the eggs in batches, spawning on successive nights until all yolked 
eggs are spawned (Render et al. 2012). Spawning occurs from October to mid-January, with 
peak spawning occurring in November and December (Ditty and Shaw 1996). Eggs are shed 
and fertilized in the water column, and hatch within 48 hours (Render et al. 1995). Newly 
hatched larvae of M. cepha/us measure approximately 2.2 - 2.6 mm (Bensam 1987; Eda et at. 
1990). Pelagic larval duration of Striped Mullet is 42 days, and larvae utilize tidal stream 
transport currents to reach suitable settlement habitat in estuarine and riverine habitats. Striped 
Mullet have a preferred temperature range 11 .3-27 .9°C, mean 23°C. Juveniles occupy the high 
intertidal zone of estuaries where water temperatures and salinity fluctuate greatly. Older fish 
inhabit deeper, more stable waters. Striped Mullet are not likely to be vulnerable to changes in 
ocean acidification, as they are highly flexible in their diets, but primarily feed on detritus and 
epiphytic algae. Striped Mullet have a fairly rapid population growth rate. based on a high 
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growtll coefficient (k = 0.39), a high natural mortality rate (M = 0.59), and maximum age of 
approximately 15 years. Age at maturity was between 3 and 4 years. and a maximum size of 
approximately 100 cm indicates an increased vulnerability to populatton depletions. but the 

preponderance of the evidence indicated tllis species should rebound from population 
depletions fairly successfully. A 2013 stock assessment by the Florida Fish and Wildlife 

Conservation commission (Chagaris et al. 2014) found that B201f8Sl'R35% = 1. 7 4 and F 201/F SPR35% 

= 0.41. These reference points indicate that the stock was not overfished historically or 
undergoing overfishing currently. The IUCN lists tile species asleast Concern due to its fast 
growm rate. nIgn recundlty, ana reIauveIy I0w age-at-maturity. AnatySls or moIecuiar variance 
(AMOVA) results support the existence of a single population with high levels of gene flow along 

the Gulfof Mexico and north-west Atlantic coasts (Rocha-Olivares et al 2000). Due to their 
obligate estuarine/riverine residence, Striped Mullet are vulnerable to anthropogenic stressors 

such as habitat degradation, pollution. hypoxia from eutrophication, and altered runoff 
patterns/river flow. Additionally, Striped Mullet are highly vulnerable to harmful algal blooms 

(Mahmoudi 2000). 
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Golden Tilefish - Lopho/atilus chamae/eonticeps 

Overall Vulnerability Rank = Very High ■ 

Biological Sensitivity = High 0 
Climate Exposure = Very High ■ 

Data Quality = 58% of scores ;c: 2 
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South Atlantic Vulnerability Assessment - Tilefish 

Tilefish (Lopho/ati/us chamae/eonticeps Goode & Bean, 1879) 

overall Climate Vulnerability Rank: Very High. (57% bootstrap results in High, 43% bootstrap 
results in Very High). 

Climate Exposure: Very High. Four exposure factors contributed to tllis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0), Salinity (3.9) and Currents (3.7). Exposure to all 
factors occurs during all life stages. 

Biological Sensitivity: High. Two sensitivity attributes were;:: 3.0: Habitat Specialization (3.0) and 
Population Growth Rate (3.0). Tilefish are a relatively long-lived fish with relatively low 
population growth rates (Steimle and Shaheen 1999). The species occupies a specific habitat 
type, burrows located in mud-clay-silt bottoms on the outer continental shelf and upper slope 
(Able et al. 1982, Low and Ulrich 1983, Grossman et al. 1985). 

Distributional Vulnerability Rank: Moderate. Three attributes indicated moderate potential for 
distribution shift: adult mobility, dispersal of early life stages, and moderate sensitiVity to 
temperature. 

Directional Effect on tile Southeast U.S. Shelf: The effect of climate change on Tilefish on the 
Southeast U.S. Shelf is estimated to be neutral. Tilefish has specific habitat requirements 
(structural and tllermal) and the effect of warming on habitat availability is uncertain, although 
warming could make more habitat in the northeast available. Changes in oceanic current 
patterns could affect transfer of nutrients to depth. The effect of ocean acidification is uncertain, 
as Tilefish do consume crustaceans and given their habitat specificity and sedentary nature it is 
uncertain if they can switeh completely to fish if necessary. 

Data Quality: 58% of the data quality scores were 2 or greater. Attributes identified as 
data-deficient with increasea sensitivity include Dispersal of Early Life Stages, Complexity in 
Reproductive Strategy, and Other Stressors. 

Climate Effects on Abundance and Distribution: Tilefish may be moderately affected by Ocean 
Acidification due to inclusion of invertebrates in their diet (Freeman aid Turner 1977; Steimle et 
al. 1999). Climate-mediated changes to oceanic current patterns coud affect transport of larvae 
out of the Gulf of Mexico to the eastern seaboard and up into the South Atlantic Bight (Katz et 
al. 1983). While tllere are no specific references to effects of changing temperature or salinity 
on Tilefish, the species lives in a fairly narrow thermal range and it is conceivable that a 
warming ocean may have some effect on fitness or survival. 

Life History Synopsis: Tiletsh is a relatively large, slow-growing, long-lived (40 years), and 
late-maturing deep-water species found on the upper continental slope, mainly on 
unconsolidated or semi-consolidated sediments (Able et al. 1982, SEDAR 2011). Tilefish are 
found from Nova Scotia to Surinam. but off the U.S. coast Tilefish habitat is a relatively 
restricted band on tile upper slope, approximately 80-540 m deep and at 8-17"C (Steimle et al. 
1999). Witllin tllis band, Tilefish are more abundant near the 15°C isotherm which occurs 
between 100-240 m (Steimle et al. 1999). Tilefish construct vertical rurrows in clay sediments, 
which are found on the upper continental slope and in submarine canyons. Tilefish burrows 
contain numerous smaller burrows of associated crabs, lobsters and fishes, and are a focus for 
biological activity (Able et al. 1982). Tilefish may play an important rde in structuring outer 
continental shelf communities (Able et al. 1982) and those may be a1fected by Changes in 
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South Atlantic Vulnerability Assessment - Tilefish 

Tilefish abundance or distribution. Tilefish are gonochOristic and in spawning condition in the 
southeast in all months except October and December (Sedbeny et al. 2006). The peak of 

spawning occurs in April through June, primarily on the upper slope of the continental shelf. 
Spawning females have been captured off Florida through South Carolina at depths of 190-300 
m where the bottom temperature was 10.2-14.9°C (Sedbeny et al. 2006). Eggs are buoyant 
and hatch Within 40 hours (Steimle et al. 1999). Larvae occur in the plankton from July to 
September in the Middle Atlantic Bight. Early juveniles have not been reported from the 

southeast, but 51 -82 mm specimens have been collected at 100-200 m during April-July along 
the outer edge of the Middle Atlantic Bight shelf (Steimle et al. 1999). Tilefish consume mainly 
brittle stars and crustaceans. Crabs (true crabs, anomurans. galatheids) dominate the diet and 
a few fishes, mollusks, polychaetes, hololhurians and anemones are consumed. Juveniles eat 
more echinoderms and mollusks than do larger Tilefish (Steimle et al. 1999). Tilefish are 
primarily a commercial species. although recreational catches have increased in recent years 
(Schertzer et al. 2019). Tilefish is neither overfished nor undergoing overfishing 
(https:/IWWW. fisheries.noaa.gov/nationaltpopulation-assessments/fishery-stock-status-updates ). 
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Tomtate - Haemulon aurolineatum 

Overall Vulnerability Rank = Moderate 0 

Biological Sensitivity = Low□ 
Climate Exposure = Very High ■ 

Data Quality = 92% of scores ;c: 2 
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Tomtate (Haemulon aurolineatum) 

Overall Climate Vulnerability Rank: Moderate. (100% bootstrap results in Moderate). 

Climate Exposure: Very Hi!1J. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (3.9). Tomtate is a marine species 
found on patch and coral reefs, rocky hardbottom ledge habitats, and, as juveniles, in seagrass 
beds (Manooch and Sarans 1982). 

Biological Sensitivity: Low. No sensitivity attributes scored ;:: 2.5. 

Distributional Vulnerability Rank: High. Tomtate are habitat generalists Illa! are mobile, and have 
dispersive early life stages. 

Directional Effect on the Southeast U.S. Shelf: The effect of climate change on Tomtate on the 
Southeast U.S. Shelf is estimated to be posttive. Tomtate is a subtropical species commonly 
found from tile Chesapeake Bay southward. Projected warming sea surface temperature could 
increase thermally available habitat in more northern areas. The effect of ocean acidification is 
likely to be moderate given their diet of crustaceans and molluscs. There are no other 
indications of negative directional effects of climate change on Tomtate. 

Data Quality: 92% of the data quality scores were 2 or greater. 

Climate Effects on Abundance and Distribution: There is little infonnation on climate effects on 
abundance and distribution of Tomtate. Their preferred temperature range of 23-28°C likely 
limits widespread expansion into waters north of North Carolina currently but future wanning 
ocean temperatures could allow them to expand their range. Productivity could be affected by 
increasing ocean acidification, wllicll is expected to impact a component of their diet, 
crustaceans and molluscs. 

Life History Synopsis: Tomt3te is a small reef-associated schooling species widely distributed in 
tile western Atlantic from the Chesapeake Bay south along the U.S. coast, Bermuda, the 
t:Janamas, tnrougnout me c.;uI1 01 Mexico ana canooean ::;ea, ana aIong tne ::;outn Amencan 
coast to southern Brazil. Its depth range is 1-40 m. Occurrence is uncommon north of Cape 
Hatteras NC. Juvenile and adult Tomtate occupy similar habitats: seagrass beds, sand flats, 
patch reefs, natural hardbottom and coral, artificial reefs (McEachran and Fecllhelm 2005, 
Manoocll and Sarans 1982). One study found juvenile individuals tended to be caught in 
warmer waters than adults n fall and Winter (Manoocll and Sarans 1982). Coral reef and 
seagrass habitats have undergone considerable degradation from human activity and water 
quality fluctuations. Juvenile Tomtate have a generalist diet dominated by zooplankton at small 
sizes. Alheit and Schiebel (1982) found that diets of small juveniles consisted primarily of 
benthic harpacticoid copepods, although diets increased in diversity (fish and crustaceans) as 
the fish increased in size. Adults tend to be generalist carnivores, feeding on small benthic 
invertebrates includinQ crustaceans and mollusks, as well as zooplankton and fish (Anderson et 
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al. 2015; Courtenay and Sahlman 1978; Norberg 2015). There is limled information in the 
literature about the mobility of Tomtate. Within a given habitat, indiViduals undergo diel 
migrations for feeding (e.g. from shallow/refuge areas under rocks, to deeper mudflats at night; 
Alheit and Seheibel 1982). There is no evidence they are mobility-limited either behaviourally or 
physically, altnough no large-scale migratory observations are reported, nor is there information 
on home range, actiVity space, or other metrics of movement. Tomtale spawning females were 
found througnout the us Southeast shelf, over May-July, in waters from 20.16-28.04°C, on mid 
and outer-shelf reefs. depthS from 15-54 m. and at latitudes ranging from 27-33°N (Sedberry et 
al. 2006 ). Munro et al. ('I 973) postulated mat Tomtate spawn year round m me tropical 
Caribbean. Grunts produce spherical pelagic eggs with a single oil droplet. Eggs hatch 1-2 days 
after fertilization. There is little information on the planktonic stage ofTomtate. but the planktonic 
larval duration of other grunts is approximately 15 days, at which time the larvae settle to the 
bottom (McFarland 1980, Brothers and McFarland 1981). Some larvae likely rely on tidal 
currents for transport into suitable nursery habitat such as seagrass beds. Tomtate have a 
preferred temperature range of 23-28°C (fishbase.org). Tomtate may be affected by increased 
ocean acidification because their diets include some shell-forming invertebrate species that may 
themselves be sensitive to ocean acidification. Tomtate have a moderate to high population 
growth rate. as evidenced by low vulnerability maximum age, age at maturity and maximum 
length, and a moderate vulnerability growth coefficient statistic. IUCN lists Tomtate as a species 
of least concern. with a generation length of 5-6 years (Anderson et al. 2015). It is the most 
abundant species in many areas. Tomtate have not been assessed and likely won't be anytime 
soon. While the species is considered exploited in the Florida Keys and Dry Tortugas (Smith et 
al. 2011), they are not thought to be overfished or undergoing overfiShing. No information is 
available on genetic population structure in Tomate. Other potential stressors for Tomtate 
include: dredge-and-fill activities, which directly impact settlement stage nursery habitats by 
burying nearshore hardbottom (Lindeman and Snyder 1999); canal discharges resulting in 
prolonged low-salinity regimes and loss of seagrass and bivatve habttats, leading to degradation 
of sheller and prey of various grunt species in the St. Lucie Inlet system in east Florida (T. 
Gibson pers. comm. 1999); impacts of harmful algal blooms in estuarine nursery areas; 
predation by invasive lionfisn (Munoz et al. 2011 ). 
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Vermilion Snapper - Rhomboplites aurorubens 

Overall Vulnerability Rank = Moderate 0 

Biological Sensitivity = Low□ 
Climate Exposure = Very High ■ 

Data Quality = 83% of scores ;c: 2 
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Vermilion Snapper {Rhomboplites aurorubens) 

Overall Climate Vulnerability Rank: Moderate. (100% bootstrap results in Moderate). 

Climate Exposure: Very Hi!1J. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (3.9). Exposure to all three factors 
occurs during the life stages. Vermilion Snapper are found in coastal marine environments over 
rocky, gravel or sand bottoms. 

Biological Sensitivity: Low. No sensitivity attributes scored ;:: 2.5, but Early Life History 
Settlement and Survival Requirements (2.3) was considered borderline sensitive, likely due to a 
lack of scientific literature on this topic. 

Distributional Vulnerability Rank: High. Vermilion Snapper are habitat generalists that are highly 
mobile, and their pelagic ea1y life stages are likely widely dispersed. While currently distributed 
from North Carolina southward, projected warming in mid-Atlantic or northeastern waters could 
lead to more suitable thermal habitat becoming available. 

Directional Effect on the Southeast U.S. Shelf: The effect of climate change on Vermilion 
Snapper on the Southeast U.S. Shelf is estimated to be positive (65% of scores). Vermilion 
Snapper are known to vacate shallower reefs for deeper habitat if the temperature falls below 
16°C (Parker 1990). Ocean acidification may have some moderate effects as Vermilion Snapper 
consumes shrimps, crabs, and other benthic invertebrates, as well as pelagic plankton. There is 
little evidence to suggest an overall negative directional effect of climate change on Vermilion 
Snapper. 

Data Quality: 83% of the data quality scores were 2 or greater. Early Life History Settlement 
and Survival Requirements was determined to be data-deficient and moderately sensitive. 

Climate Effects on Abundance and Distribution: There is little information in the literature on 
climate effects on distribution of Vermilion Snapper. Productivity could be moderately affected by 
increasing Ocean Acidification and its effects on diet items such as shrimps, crabs, 
polychaetes, and other benthic invertebrates. 

Life History Synopsis: Vermilion Snapper are a moderately sized lutjanid species onen found in 
siZable schools, and are often associated with structure of some kind. The species ranges in the 
western Atlantic from North Carolina south to Santa Catarina, Brazil, including Bermuda, the 
Bahamas, the Gulf of Mexico and the Caribbean Sea (Allen 1985). The species utilizes depths 
of 20-300 m. Young Vermilion Snapper usually inhabit shallower waters, while adults are found 
in moderately deep waters, most commonly over rock, gravel or sand bottoms near the edge of 
continental and island shelves (Fishbase.org). Estuarine use by the species is not known. 
Juveniles are generalist feeders, feeding on infaunat, epifaunal and pelagic invertebrates, 
including copepods, decapods, larvae of barnacles stomatopods and decapods, nematodes 
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polychaetes and fish eggs (Sedberry and Cuellar 1993). Adults are also opportunistic feeders 
with prey items including fiShes, shrimps, crabs, polychaetes, other benthic invertebrates, 
cephalopods and planktonic organisms. There is good evidence from diet studies that they are 
water column foragers as well as bottom feeders (Dixon 1975; Grimes 1979). Adults are highly 
mobile and do not appear to be behaviorally or physically constrained in their movements. 
Vermilion Snapper are gonochoristic, have minimally complex reproduction and are thought to 
spawn in offshore habitats throughout the year. with peal< spawning off the east coast of the U. 
S. occurring from April to September (Cuellar and Sedberry 1996). They often spawn at 
mu1t1specIes spawning sites, onen near tne sneIr edge (Farmer et al. 2018). ume InrormatIon Is 
available on the early life history of Vermilion Snapper. Similar lutjanid species have egg stages 
of 1-3 days and pelagic larval durations of 23-30 days. Offshore currents lil<ely aid larval 
transport along the southeast US Atlantic coast to suitable settlement areas offshore, but 
settlement locations are poorly l<nown. The species occurs in temperatures ranging from 
18°C-27°C (Fish base). They may be less affected than some species by increasing ocean 
temperatures due to their offshOre habitat. While Vermilion Snapper are opportunistic feeders as 
juveniles and adults, they may be moderately affected by increased ocean acidification because 
their diets include some invertebrate species that may themselves be sensitive to ocean 
acidification. They may be less affected if they are able to substitute diet items. Vermilion 
Snapper have a moderately slow population growth rate, With an early age-at-maturity (1-2 
years) and a smaller maximum body size being offset by a low growth coefficient, a high 
maximum age, and a natural mortality rate of 0.22 (SEDAR 2018). These factors indicate this 
species might be slow to rebound from population disturbances. The species is not currently 
overfished, With SSB21nJSSBMSY = 1.13 (SEDAR 2018). Bagley et al. (1999) reported that 
Vermilion Snapper in the South Atlantic Bight are lil<ely one genetic stocl< based on 
microsatellite analysis. Lionfish predation is a lil<ely stressor for Vermilion Snapper (Dahl and 
Patterson 2014). Because of their preference for structure, coral bleaching and temperate reef 
degradation are other potential stressors. 
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Wahoo - Acanthocybium so/andri 

Overall Vulnerability Rank = Moderate 0 

Biological Sensitivity = Low□ 
Climate Exposure = Very High ■ 

Data Quality = 83% of scores ;c: 2 
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Wahoo (Acanthocybium solandn) 

Oyerau Climate vu1nerabilit( Rank: Moderate. (100% bootstrap results in Moderate). 

Climate Exposure: Very Hi!tt. Four exposure factors contributed to this score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) Salinity (4.0), and Currents (3.8). WallOo resides in 
offshore pelagic waters where it is exposed to all these factors during its life. 

Biological Sensitivity: Low. No sensitivity attributes scored above 2.5. 

rnstrjbu)jona1 vu1nerabmty Rank: High. Wahoo are highly mobile habitat generalists with Widely 
dispersive early life stages. 

Directional Effect on the Southeast U.S. Shelf: The directional effect of climate change on 
Wahoo on the Southeast U.S. Shelf is estimated to be positive. The species is piscivorous with 
no reliance on crustaceans and thus no effects of ocean acidification are expected. Wahoo are 
a tropical-warm temperate epipelagic species and should be minimaty impacted by projected 
increases in sea surface temperature. There is little evidence for a negative directional effect of 
climate change. 

Data Quality: 83% of the data quality scores were 2 or greater. While Complexity in 
Reproductive Strategy and Stock Size Status were identified as data-deficient, they were not 
cunsiuereu hiyllly se11siLive. Wt1ile lillle is tu1own specifit:<1lly of Wallou reprouucLion, lhey are 
known to have high reproductive output (Brown-Peterson et al. 2000j and high genetic 
connectivity with no documented cases of variation in reproductive success (Collette et al. 
2011 ). 

Climate Effects on Abundance and Distribution: There are no published studies we could find on 
climate effects on abundance and distribution of Wahoo. Such effects are likely to be minimal 
and may include limited range expansion into waters north of their current distribution as ocean 
temperatures increase. The species is not reliant on shell-forming invertebrates, thus 
productivity should not be affected by Ocean Acidification. The species relies on currents to 
disperse larvae to suitable patches of oceanic habitat where food is available, thus disruption of 
existing oceanic circulation could affect productivity and survival of early life stages. 

Life Hislor y Synopsis: Wahoo is an epipetayic, oceanic 111e111t.,e1 o f Ute Scuml.Jriu family which 
has a circumtropical and subtropical distribution throughout the world's oceans (Wollam 1969) 
ranging from 45•s to 59°N. Wahoo are fast swimmers, occur in open ocean environments, and 
are often associated with seamounts, mid-ocean ridges, temperature and current edges, and 
deep water adjacent coral reefs (Garber et al. 2005; Collette and Nauen 1983; Theisen and 
BaldWin 2012); their habitat is abundant and generally undisturbed. Wahoo grow rapidly and 
attain a size of up to 900 mm by age-1. Adults. and presumably juveniles, feed on a Wide variety 
ofteleost fishes (12 families and over 38 species by one study) including epipelagics such as 
scombrids, clupeids, carangids, and exocoetids (flying fish); cephalopods are also prominent in 
the diet, while crustaceans are mostly absent (Manooch and Hogarth 1983). Wahoo tend to 
spawn in the vicinity of open ocean currents and subsequently have broad larval dispersal 
(Iversen and Yoshida 1957; Matsumoto 1968). Spawning season in the Gulf of Mexico and the 
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Bahamas is May-August with a peak in June; indiVidual fish may spawn once every 2-6 days for 
a total number of 20-62 spawning events over the season (Brown-Peterson et al. 2000; Jenkins 
and McBride 2009). Wahoo larval stage is approximately two weeks and juveniles grow rapidly 
(SAFMC 2000; Garber et al. 2005). Larvae presumably disperse into patches of oceanic habitat 
where food is abundant; juveniles, like adults, are carnivores consuming a wide variety of 
teleosts and cephalopods. Rapid growth suggests that predator abundance is not an issue to 
juveniles which do not occur in estuaries. Wahoo tend to be solitary, but may fonn loose 
aggregations while foraging and for spawning (Melo et al. 2011 ). The stock does not appear 
'1P.pP.nc1P.nt on vulnP.rahlP. h~hitats for a partir.ular lifP. stagP. PrP.fP.rrP.11 IP.mpP.raltirP. rangP. is 

reported as 18-27.6°C; tagging studies report Wahoo tend to occur in water temperatures 
between 17.5-27.5°C with a preference for water temperatures >22°C; daytime habitat 
preference may be the upper mixed layer in the water column and an average depth of 18 m 
(Nobrega et al. 2009; Theisen and Baldwin 2012; Fishbase.org). Wahoo exhibited rapid growth 
with a von Bertalanffy k of 0.38 (McBride et al. 2008). They mature at age-1 and may live up to 
nine years, although median age at capture from published studies was <age-2 
(Brown-Peterson et al. 2000; Jenkins and McBride 2009). Current stock assessments for 
Wahoo do not exist. yet the species is extremely fecund with each female estimated to produce 
1.1 million eggs per spawn and a total of 30-92 million eggs per spawning season 
(Brown-Peterson et al. 2000). There are currently no known other stressors to Wahoo in their 
oceanic habitat. 
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Warsaw Grouper - Epinephelus nigritus 

Overall Vulnerability Rank = Very High ■ 

Biological Sensitivity = High 0 
Climate Exposure = Very High ■ 

Data Quality = 50% of scores ;c: 2 
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Warsaw Grouper (Hyporthodus nigritus) 

oyerau Climate YYloerabilit( Rank: very High. 100% bootstrap results in very High. 

Climate Exposure: Very High. Four exposure factors scored ~ 3.5: Ocean Surface Temperature 
(4.0), Ocean Acidification (4.0), Salinity (4.0) and Currents (3.7). Warsaw Grouper inhabit rocky 
hardbottom habitat on the deep continental shelf, and likely rely on ocean currents for dispersal 
of larvae. 

Biological Sensitivity: High. Four sensitivity attributes scored above 3.0: Habitat Specificity (3.2), 
Population Growth Rate (3.8), Stock Size/Status (3.4) and Spawning Cycle (3.0). Warsaw 
Grouper are a long-lived, slow growing, late-maturing fish (Aguilar-Perera et al. 2018). The 
species resides in fairly specific habitat, rocky hardbottom on the deep continental shelf, and 
has a fairly discrete spawning season (Garcia-Cagide et al. 1994). 

Distributional Vulnerability Rank: Moderate. Two attributes indicated moderate potential for 
distribution shift: adult mobility and early life stages that are likely widely dispersive (larvae 
thought to remain in the open ocean for 40-60 days). Warsaw Grouper do exhibit relatively high 
habitat specialization, however, which might inhibit distributional shift 

Directional Effect on the Southeast U.S. Shelf: The directional effect of climate change on 
Warsaw Grouper on the Southeast U.S. Shelf is estimated to be neutral (70% of expert scores 
were neutral, 30% were negative). There may be moderate negative impacts of Ocean 
Acidification due to inclusion of crustaceans in their diet. but Warsaw Grouper are opportunistic 
piscivores and may overcome any indirect effects. Impacts from increasing sea surface 
temperature should be negligible given the depths that the species utilizes. There was no 
evidence in the literature of positive climate effects, likely due to their low population growth rate 
affecting their ability to respond to climate-forced population disturbances. 

Data Quality: 50% of the data quality scores were 2 or greater. Attributes identified as 
data-deficient and of moderate to high sensitiVity include Dispersal of Early Life Stages. Early 
Life History Settlement and Survival Requirements. Complexity in Reproductive Strategy and 
Stock Size/Status. 

Climate Effects on Abundance and Distribution: There are no specific studies on effects of 
climate change on abundance and distribution of Warsaw Grouper. Productivity of Warsaw 
Grouper could be impacted by effects of Ocean Acidification on both primary diet items (crabs, 
shrimp, lobsters and molluscs) and on Ocu/ina coral habitat utilized by Warsaw Grouper. The 
species relies on existing oceanic circulation to transport larvae to suitable nursery habitat, and 
climate-forced disruption of these circulation patterns could affect survival and/or productivity. 

Life History Synopsis: Warsaw Grouper are a deepwater demersal species distributed from 
Massachusetts to Florida and the Gulf of Mexico. The adults prefer depths on the outer 
continental shelf of at least 55 m but more commonly 200-500 m. though juveniles may be 
found closer to shore (Aguilar-Perera et al. 2018). Warsaw Grouper are likely generalist 
carnivores. eating mollusks, crustaceans, and other fishes (Aguilar-Perera et al. 2018), and no 
distinction is made between diets of juveniles and adults. Eggs and larvae are presumed to be 
pelagic, with an approximate larval duration pre-settlement of 40-60 days (Aguilar-Perera et al. 
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2018). No information is known about larval settlement requirements. tllough it is possible that 
Warsaw grouper larvae use chemical and/or auditory cues to find suitable habitat. Warsaw 
Grouper are tllought to be protogynous hermaphrodites, though little is known about tlleir age at 
transition (Musick et al. 2000). Warsaw Grouper attain sexual maturity around age 9 (Parker and 
Mays 1998). Maximum reported age for Warsaw grouper is 56 years (Sanchez et al. 2019). 
Stevens et al. (2019) reported maximum length (L-infinity) as 2394 mm total length and the von 
Bertalanffy growth coefficient K as 0.05. Warsaw Grouper are currently undergoing overfishing, 
but no determination has been made regarding their overfished status due to deficient data 
(NOAA FishP.riP.s ?01R) GivP.n thP. c!P.plh in whir.h ac!ulfs liVP., lhP.y arP. unlikP.ly lo hP. affP.r.lP.c! hy 
many anthropogenic impacts. 
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Weakfish - Cynoscion rega/is 

Overall Vulnerability Rank = High D 

Biological Sensitivity = Moderate D 
Climate Exposure = Very High ■ 

Data Quality = 100% of scores~ 2 
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Weakfish ( Cynoscion regalis) 

Overall Climate Vulnerability Rank: High. (99% bootstrap results in High, 1% bootstrap results in 
Very High). 

Climate Exposure: Very Higi. Three exposure factors scored~ 3.5: Salinity (3.7), Ocean 
Acidification (4.0) and Air Temperature (4.0). Weakfish use estuaries as nursery areas and 
move to nearshore coastal waters when air and water temperatures begin to drop. 

Biological Sensitivity: Moderate. Five sensiliVity attributes scored ~ 2.5: Dispersal of Early Life 
Stages (2.5), Early Life History Settlement and Survival Requiremen1s (2.6), Spawning Cycle 
(2.6), Stock SiZe/Status (3.2) and Other Stressors (2.6). Weakfish spawn near the mouths of 
bays and estuaries so transport of larvae is limited (Mercer 1989). Spawning occurs over a 
protracted lime period but is cued by wanning temperatures. Use of estuarine nursery areas 
likely exposes Weakfish to other anthropogenic stressors. Recent assessments by the Atlantic 
States Marine Fisheries Commission have detennined Weakfish have been depleted for 13 
years in a row (ASMFC 2016). 

rnstrjbutjonal YYloerabmty Rank: High. Three attributes indicated high potential for distribution 
shift: high adult mobility.widely dispersing early life stages, and a habitat generalist habit. 

Directional Effect on the Southeast U.S. Shelf: The directional effect of climate change on 
Weakfish on the Southeast U.S. Shelf is estimated to be neutral. Weakfish are already 
distributed into the mid-Atlantic and northeast U.S., but warming temperatures could alter liming 
of temperature-dependent migrations. There is lil<ely to be an effect of ocean acidification on 
Weal<fish due their dietary reliance on molluscs and crustaceans. 

pata Quality: 100% of the data quality scores were 2 or greater. 

Climate Effects on Abundance and Distribution: Relatively little worl< has been done on the 
effect of climate on distribution and productivity of Weakfish. In a study from Delaware Bay, 
Lanl<ford and Targett (1994 i found an interactive effect of salinity and temperature on juvenile 
Weal<fish growth, suggeslirg changes in temperature, precipitation, and sea level could affect 
productivity. Howell and Auster (2012) suggest a northward shift in distribution based on 
increasing abundance at the northern end of their geographic range. 

Life History Synopsis: Weakfish are large coastal sciaenids distributed in the western Atlantic 
from Nova Scotia (Canada) south along the U.S. coast to southeastern Florida (Page et al. 
2013). Juveniles utilize estuarine areas as nursery grounds and are most frequently found in the 
deeper waters of rivers, bays, sounds, and other estuarine areas, usually over sand or sandy 
grass bottom (Mercer 1989j. Adult Weakfish are more of a habitat generalist. found over 
common sand and sandy mud bottoms. Adult weakfish migrate seasonally between inshore and 
offshOre waters (Merriner 1973; Will< 1979). When waters wann in the spring, weakfish move 
from offshOre winterinQ Qrounds into the estuaries. Weal<fish smaller than 20 cm TL feed mostly 
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on crustaceans, while larger juveniles eat what is readily available, with small clupeids and 
anchovies probably dominant (Bowman et al. 2000). Adult Weakfish feed on a variety of 
species. including annelids, mollusks, penaeid and mysid shrimp, and other fish, mostly 
clupeids and anchovies. Adults are mobile and are known to undertake seasonal migrations 
prompted by warming coastal waters in the spring and consisting of northward movements 
along the coast followed by a return migration in autumn to overwinter in warmer, southern 
waters including nearshore sounds, bays, and estuaries. Weakfish are gonochoristic and 
usually found in 50:50 sex ratios. Spawning occurs after spring migrations back inshore from 
coastal waters, usually In response to IncreasIng water temperatures and pnotopenoa. 1n Nonn 
Carolina waters spawning occurs from March to September, with peak spawning occurring 
April-June (Merriner 1976). Adults are known to aggregate at the mouths of estuaries. Eggs 
hatch in 36-40 hours (Welsh and Breder 1923).Planktonic larval duration is approximately 21 
days (Mercer 1989). Larval ingress to estuaries is aided by selective tidal stream transport, but 
due to proximity of spawning sites to estuaries, distance needed is usually shOrt. 
Metamorphosis to juvenile stage may occur while still in nearshOre waters and juveniles are 
transported into estuaries. Larvae eat a variety of prey and mismatcn of prey species With timing 
of spawning is not a concern (Pryor and Epifanio 1993). The preferred temperature range of 
Weakfish is 7.2°c - 24.9°C. Weakfish generally remain in shallow coastal or estuarine waters, 
moving into deeper waters as a refuge from colder temperatures. There are no reports of known 
diel vertical migrations by tne species. Weakfish are likely to be affected by increased ocean 
acidification due to their reli3nce on mollusks and crustaceans in their diets (Mercer 1989). 
Weakfish are likely to encounter some difficulty recovering from population disturbances based 
on their life history characteristics. While an extremely high natural mortality rate (Krause et al. 
2020), very early age-at-maturity, and moderate growth coefficient impart low vulnerability for 
recovery, a large maximum size and maximum age indicate difficulty recovering. The species is 
likely to nave some inherent difficulties in the event of population depletions. An ASMFC 
assessment found that the Atlantic Weakfish stock has been depleted for the last 13 years. In 
2014 SSB was estimated at 5.62 million lbs., well below the SSB= threshold for depletion of 15 
million lbs (ASMFC 2016). A mtDNA study from the east coast (NY-FL) found no genetic 
variation among sampling sites. indicating considerable gene flow along the coast, and 
recommending management of the species as a single unit stock (Graves et al. 1991 ). Obligate 
estuarine habitats have been degraded through urbanization impacts including hypoxia, 
reduction in seagrass beds and changes in timing and volume of freshwater inputs. Pollution is 
another stressor which has likely led to fin rot disease in northern populations. Harmful algal 
blooms could impact the species as well. 
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White Grunt - Haemulon plumierii 

Overall Vulnerability Rank = Moderate 0 

Biological Sensitivity = Low□ 
Climate Exposure = Very High ■ 

Data Quality = 92% of scores ;c: 2 
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White Grunt (Haemu/on plumier,) 

Oyerau Climate YYloerabilit( Rank: Moderate. (68% bootstrap results in Moderate, 32% 
bootstrap results in High). 

Climate Exposure: Very Hi!1}. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (3.9). White Grunt are marine reef fish 
found on coral reefs and temperate hard bottom ledge habitat as adults and in seagrass beds 
and mangrove habitats as juveniles (Sedberry and Carter 1993). Exposure to all three factors 
occurs during all life stages. 

Biological Sensitivity: Low. No sensitivity attributes scored ;:: 2.5. 

Distributional Vulnerability Rank: High. Three attributes indicated high potential for distribution 
shift: adult mobility, widely dispersive early life stages, and relatively low habitat specialization. 

Directional Effect on the Southeast U.S. Shelf: The directional effect of climate change on White 
Grunt on the Southeast U.S. Shelf is estimated to be positive (65% of expert scores were 
positive, 30% were neutral). There may be moderate dietary impacts of Ocean Acidification, but 
White Grunt are also known to feed on fishes. The species is a tropical-warm temperate species 
and impacts from increasing sea surface temperature should be negligible. 

Data Quality: 92% of the data quality scores were 2 or greater. Stock Size/Status was the only 
attribute identified as data-deficient, as a result of the species not having been assessed by 
fishery managers. 

Climate Effects on Abundance and Distribution: We found no specific studies of climate effects 
on abundance and distribution of White Grunt in the scientific literature. Given the reliance of 
juvenile White Grunt on crustaceans and molluscs in their diet, and the subsequent reliance of 
adults on shrimps, crabs and molluscs, Ocean Acidification is likely to have some effect on 
fitness (productiVity). Chapman et al. (1999) determined that the northern genetic lineage was 
more tolerant of lower temperatures, indicating that White Grunt from the Carolinas might 
expand their distribution north in the event of warming ocean temperatures. 

Life History Synopsis: White Grunt are a small-medium-sized temperate demersal reef fish 
distributed in the western Atlantic Ocean from Chesapeake Bay to Brazil , including Bermuda, 
the Bahamas, throughout the Gulf of Mexico and Caribbean Sea, utilizing depths from 1-55 m. 
The species has a subtropical-tropical-temperate distribution, ranging latitudinally from 39°N to 
23°S. Preferred temperature range is 23.4-28°C, mean 25.9°C. While capable of thriving in 
oceanic reef environments as well as estuarine habitats. Lindeman and Toxey (2002) note that 
members of the family Haemulidae in general are only rarely encountered at very low salinities. 
Juveniles are known to utilize mangrove habitats and seagrass beds in south Florida . 
Newly-settled and early juvenile life stages are encountered in very shallow hard-bottom and 
vegetated habitats throughout its range, commonly in Thatassia testudinum beds (Cervig6n et 
al. 1992). Older juveniles/subadults use backreef habitats (Nagelker1<en 2009). Adult White 
Grunt can be found in a variety of habitats, including in and around coral reefs, mangrove 
creeks, seagrass beds, sand-rubble zones and temperate hard-bottom ledge reefs. Juveniles 
are reported to feed primarily on benthic invertebrates including crustaceans, worms, and 
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molluscs. Adults likely consume similar, if somewhat larger, invertebrate prey including shrimp, 
crabs, and molluscs. This dietary dependence on shell-forming invertebrates could make White 
Grunt vulnerable to increased ocean acidification. White grunt tend to exhibit high site fidelity, 
making only short-range foraging movements. moving off-reef to vegetated habitats (usually at 
night) and then moving back to their home patch reef afterwards. One tagging study in Puerto 
Rico and Florida found most movements usually didn't exceed 100 m from their apparent home 
habitat on a reef (Tutevech and Recksiek 1994 ). Eggs are pelagic. Fertilized eggs hatched 
within 20 hours of collection. The larvae began actively feeding after 48 hrs post hatch, upon 
r.onsumption of thP. oil droplP.t and yolk sar. I arval growth is most rapid in thP. f irst ~n days Ry 
100 days they have reache<I a size of a 24-39 mm SL juvenile. There is limited information 
about how far the eggs travel during the planktonic stage. Saskena and Richards (1975) 
reported that they collected White Grunt eggs off the dock at the University of Miami lab at 
Biscayne Bay FL. It is likely they are spawned close to shore, and tidal transport is required by 
currents to inshore seagrass habitats. No specific information was found on temperature effects 
on reproduction, but the species is temperate-tropical, spending most of its life in warmer 
nearshOre/coastal waters. There is no reporting of White Grunt forming spawning aggregations. 
Thought to spawn on their reef habitat, and eggs are carried inshOre to seagrass beds. Male 
White Grunt in the us Atlantic peak in spawning activity from March mrough to June, a similar 
spawning season to White Grunt from the west coast of Florida (de Silva and Murphy 2001 ). 
Munro et al. (1973) reported the species likely spawns year round in the southern portion of the 
range (Caribbean). White Grunt mature relatively quickly, With 50% of females maturing by 
age-1, 88% by age-2 and 99% by age-3 (Padgett 1997). LongeVity was found to be 27 years for 
fish from North Carolina/South Carolina (Padgett 1997). Natural mortality was estimated to be 
0.25 (Potts and Brennan 2001 ). Von Bertalanffy growth coefficients indicate relatively stow 
growth to maximum size, 0.09 for northern fish and 0.19 for southern fish (Potts and Manooch 
2001 ). The species has not been assessed in the southeastern United States. There is no 
evidence of compromised genetic variation. Chapman et at. (1999) determined there were three 
distinct genetic lineages of White Grunt, NC-SC, a Florida Keys-south lineage, and a distinct 
lineage from Trinidad. There is no reporting in the literature of large variations in reproductive 
success or population sizes, or local extinctions. White Grunt are often reported as one of the 
most abundant species in its range. Utilization of inshore habitats by early life stages may be 
affected by habitat degradation and pollution, and juveniles/subadults occupying nearshore 
hardbottom habitats wout<I be vulnerable to tionfish predation. 
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White Shrimp - Litopenaeus setiferus 

Overall Vulnerability Rank = Very High ■ 

Biological Sensitivity = High 0 
Climate Exposure = Very High ■ 

Data Quality = 100% of scores~ 2 
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White Shrimp (Litopenaeus setiferus) 

Overall Climate Vulnerability Rank: Very High. (7% bootstrap results in High, 93% bootstrap 
results in Very High). 

Climate Exposure: Very Higi. Four exposure factors contributed to lllis score: Ocean 
Acidification (4.0), Air Temperature (4.0), Salinity (3.7) and Sea Level Rise (3.6). Exposure to all 
factors occurs during Ille life stages. White Shrimp are a shelled invertebrate with an obligate 
estuarine residency in areas lllat may be threatened by sea level rise. Juveniles prefer lower 
salinity waters than Brown or Pink Shrimp, and projected increasing salinity could force lllem 
further toward Ille upper reaches of estuaries, areas vulnerable to anthropogenic habitat 
degradation. 

BjoJogjcaJ Sensjljyj)y: High. Three sensitivity attributes scored ;:: 3.0: Early Life History 
Settlement and Survival Requirements (3.0), Sensitivity to Ocean Acidification (3.5), and Olller 
Stressors (3.1 ). White Shrimp are likely to be impacted by anthropogenic habitat alteration and 
pollution during early life stages. 

rnstrjbutjonal YYloerabmty Rank: High. Three attributes indicated high potential for distribution 
shift: high adult mobility, Widely dispersing early life stages, and fairly robust maximum 
temperature tolerance. White Shrimp have a moderate degree of habitat specialization, 
preferring sandy-mud habitats. 

Directional Effect on Ille Southeast U.S. Shelf: The effect of climate change on White Shrimp is 
projected to be neutral, with 80% of expert scores in the positive or reutral category and 20% of 
scores in the negative category. White Shrimp growth is restricted at temperatures below 16°C, 
and increasing temperatures could lead to increases in suitable thermal habitat in northern 
areas. Juvenile White Shrimp prefer low salinity portions of estuaries, and effects of projected 
salinity increases in the southeast Will depend on the magnitude and onset of those changes. 
Increasing ocean acidification could also affect shell formation (Mustafa et al. 2015) as well as 
negatively affecting production and availability of crustaceans and bivalves that are a major 
portion of White Shrimp diets (Mc Tigue and Zimmerman 1998). 

Data Quality: 100% of the data quality scores were 2 or greater. 

Climate Effects on Abundance and Distribution: White Shrimp habitats (vegetated marshes, 
oyster reefs) will likely be negatively affected by Sea Level Rise. Increasing Ocean Acidification 
will impact White Shrimp both directly (shell formation, Mustafa et al. 2015) and indirectly 
(inclusion of crustaceans and molluscs in diet. Muncy and Feller 1987). 

Life History Synopsis: The White Shrimp was the first species of commercially important shrimp 
in the U.S., willl lhe fishery for this species dating back to 1709 (Muncy 1984). Geographic 
distribution extends from New York to Florida, and lllroughout Ille Gulf of Mexico to Campeche, 
Mexico. Juvenile While Shrimp prefer muddy substrata rich in loose peat and sandy mud 
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(Williams 1958). Anderson (1966) and Rulifson (1981) reported that deal nursery grounds for 
juvenile White Shrimp are muddy bottom areas in waters with low to moderate salinity. They are 
also found in vegetated Spartina marsh and oyster reef habitat (Shervette and Gelwick 2008), 
preferring salinities <1 O ppt Adult White Shrimp commonly inhabit estuaries and the inner 
littoral zone along coasts to depths of approximately 30 m. In the GuW of Mexico, White Shrimp 
can be found in depths as great as 80 m; however. they are most abundant in brackish wetlands 
with connections to shallow. coastal areas. White Shrimp prefer the lower salinity upper reaches 
of estuaries. and have been found as far as 21 O km upriver (Perez-Farfante 1969). Juvenile and 
aaun White Shnmp aIets are s1m11ar (bentnlc omnivores). reeamg on oetntus, plants, 
microorganisms, small crustaceans, bivalves. oligochaetes, polychaete worms, and small fish 
(Beseres and Feller 2007;Hunter and Feller 1987; McTigue and Zimmerman 1991, 1998). 
Cannibalism of juveniles by adults is common. Mark-recapture studies documented extensive 
along-shOre movements of White Shrimp (Lindner and Anderson 1956). The species generally 
does not migrate into waters deeper than 30 m, as they prefer specmc sediment types 
(sandy-mud) found in shallower water. although they have infrequently been found in deeper 
water (Del ancey et al. 2005; Williams 1958). Offshore spawning of While Shrimp is initiated by 
increasing offshore bottom water temperatures during spring months. Spawning in waters off 
North Carolina and South Carolina occurs from May-September. Spawning occurs as far as 9 
km from the shore. in water depths of at least 9 m (Whitaker 1983a), wtth females discharging 
eggs directly to the water column without brooding them as is common in other crustaceans. 
During copulation, which occurs between hard-shelled individuals, the male attaches a 
spermatophore to the thelycum of a female. Spermatozoa are released simultaneously with 
eggs from the female, with fertilization occurring in the water column. Eggs are opaque with a 
blue-tinged chorion (Linder and Cook 1970) and measure approximately 0.19 - 0.20 mm in 
diameter. Eggs sink to the bottom of the water column as they are released, and hatch wtthin 10 
- 12 hours into planktonic nauplii larvae that measure approximately 0.3 mm in length. Fecundtty 
is high, with between 500,000 to 1 million eggs released per spawn. The larval period in L 
setiferus lasts 10 days or more. Perez-Farfante (1969) reported 5 naupliar stages. 3 protozoeal 
stages, 3 mysis stages, and 2 posllarval stages before the juvenile stage is reached. The 
non-feeding nauplius stage undergoes 5 molts over 24 - 36 hours to the protozoeal stage whieh 
measures approximately 1 mm in length. Feeding behavior is initiated with the first protozoeal 
stage. Protozoea grow to a length of approximately 2.5 mm before achieving the mysis stage. 
Following a third mysis stage, the postlarval stage is attained. Postlarvae are planktonic, retying 
on tidal transport to reach inshore estuarine nursery areas (Whitaker 1983b ). Upon reaching 
estuaries postlarvae become benlhic (Williams 1965). In North and South Carolina. posllarvae 
enter estuaries from June through September; in Georgia, postlarvae may enter estuaries as 
early as April and May. In northeastern Florida, posllarvae first begin to appear in early June. 
White Shrimp remain in estuaries for approximately six months, before moving offshore to 
deeper waters in the fall as subadulls or adults. Preferred temperature range for White Shrimp 
is 15-27"C (Sealifebase.org). Growth occurs above 20°c (Etzold and Christmas 1977) and 
usually ceases below 16°C. White Shrimp are not known to burrow in response to cold 
temperatures, as brown and pink shrimp do, likely because they arrive at estuaries at the 
beginning of summer, when water temperatures are warmer. White Shrimp may be affected by 
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increasing ocean acidification indirectly, as they consume small crustaceans and molluscs in 

their diet. The species has a fairly robust population growth rate, as indicated by life history 
characteristics (fast growth rate. early age at maturity, small body size, high natural mortality 

rate. and short lifespan. The species is likely to respond quickly to population disturbance 

events. White Shrimp were not overfished or undergoing overfishing, Ba.JBmsv for the Atlantic 
population is 8.33 (NMFS 2021 ). While there appears to be some weak genetic differentiation 
between Gulf of Mexico and Atlantic populations (McMlllen-Jackson and Bert 2003; Ball and 
Chapman 2003), White Shrimp from the east coast populations (Nor1h Carolina through Florida) 
exnI0Itea oroaa scale nomogenetty ana tntte popuIat1on structure (Batt ana cnapman 2003). 
Other potential stressors affecting White Shrimp populations include pollution in estuarine 

habitat, anthropogenic habitat alteration, upstream changes in hydrology and the effects on 
salinity in the estuaries, changes in rainfall affecting required low salinities. sea level rise and its 
impact on estuarine salinities. hypoxia and harmful algal blooms, resources and habitat 

competitions with invasiVe species such as tiger prawns, and parasites and diseases such as 
the highly virulent White Spot Syndrome Virus (WSSV). introduced from aquaculture operations. 
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Yellowtail Snapper - Ocyurus chrysurus 

Overall Vulnerability Rank = High D 

Biological Sensitivity = Moderate D 
Climate Exposure = Very High ■ 

Data Quality = 100% of scores~ 2 

Ocyurus chrysurus 

Habitat Specificity 

Prey Specificity 

Adult Mobility 

Dispersal of Early Life S1ages 

"' Early Life History Survival and Settlement Requirements ., 
E Complexity in Reproductive Strategy -s 
<i'. Spawning Cycle >, 

-~ 
:e Sensitivity to Temperature 
"' i Sensitivity to Ocean Acidification (/) 

Population Growth Rate 

Stod( Size/Status 

Other Stressors 

Sensitivity Score 
Sea Surface Temperature 

Air Temperature 

i Salinity 

if Precipitation 
! 
:, Ocean Acidific;1tion ~ 
0 
a. 
X Sea L81181 Rise w 

currents 

Exposure Score 

Overall Vulnerability Rank 

Attribute Data 
Mean Uuallty 

2.6 3 

1.6 2.8 

1.6 2.8 

2.2 2.6 

2.6 2 

1.8 2.2 

1.5 3 

2.4 3 

2 2.8 

2 2.8 

1.8 2.2 

2.4 2.4 

Moderate 
4 3 

1 0 

4 3 

1 3 

4 2 

3 3 

2.1 3 

Very High 

High 

Expert Scores Plots 
(tames oy tin) 

' ' 

' ' 
I 

IL 

' ' ' 

' 
r--, 

' 

' 

-n --I I 
iL 

□Low 

□Moderate 
□High 

■Very High 

323 



 

404 
 

Yellowtail Snapper - Ocyurus chrysurus 

Oyerau Climate YYloerabilit( Rank: High. (31 % bootstrap results in Moderate . 69% bootstrap 
results in High). 

Climate Exposure: Very Hi!1}. Three exposure factors contributed to mis score: Ocean Surface 
Temperature (4.0), Ocean Acidification (4.0) and Salinity (4.0). Exposure to all three factors 
occur during the life stages of Yellowtail Snapper, which take place in shallow seagrass beds as 
well as shallow and deeper coral reef-llardbottom habitat . 

Bjo!ogjcal Sensjljyj)y: Moderate. Two sensitivity attributes scored ~ 2.5: Habitat Specificity (2.6) 
and Early Life History Settlement and Survival Requirements (2.6). Yellowtail Snapper are 
primarily found associated with coral reefs in the Florida Keys and southeastern Florida 
(McClellan and Cummings 1998). 

Distributional Vulnerability Rank: Moderate. While Yellowtail Snapper are mobile, they tend to 
exhibit site fidelity to a fairly specific preferred habitat type. Data on stock structure/population 
genetics and larval modeling work indicate local production of recruits rather than resupply from 
outside areas (Paris et al. 2005). Their preference for specific habital types (seagrass beds for 
juveniles. coral reef habitat for adults) might inhibit their ability to expand their distribution 
beyond the southeastern U. s. 

Directional Effect on the Southeast U.S. Shelf: The directional effect of climate change on 
Yellowtail Snapper on the Southeast U.S. Shelf is estimated to be positive (distribution of expert 
scores: 55% positive, 35% neutral, 10% negative). Effects of Ocean Acidification are expected 
to be moderate, perhaps affecting the species' preferred coral reef habitat. The species is a 
tropical-warm temperate species and projected warming may allow increases in suitable thermal 
habitat north of the Florida Keys and southeast Florida, the current center of population 
abundance. 

Data Quality: 100% of the data quality scores were 2 or greater. Early Life History Settlement 
and Survival Requirements scored as marginally data-deficient as well as being moderately 
sensitive. 

Climate Effects on Abundance and Distribution: We found no specific studies on climate effects 
on abundance and distribution of Yellowtail Snapper in the literature. Ocean Acidification could 
have some impacts as Yellowtail Snapper consume crabs, shrimp and gastropods (Randall 
1967, Allen 1985). Wallace reported that the upper thermal limit for Yellowtail Snapper was 
33.5°C, indicating that projected warming of south Florida waters could cause Yellowtail 
Snapper to expand their distribution northward to seek more habitable temperatures. 

Life History Synopsis: : Yellowtail Snapper is a coastal and estuarine species widely distributed 
from Massachusetts through Brazil, including Bermuda, the Bahamas, and throughout the Gulf 
of Mexico and Caribbean Sea; 42° N - 26° s. 98° w - 31° w (Fischer 1979, Kaschner et al. 
2010), although the species is not abundant north of southern Florida (Anderson 2002). The 
preferred temperature range is 21 .7 - 27.9°C, with a mean of 25.9°C (Fishbase.org). Juveniles 
commonly utilize inshore seagrass beds as nursery habitats, as well as shallow hardbottom or 
back-reef habitats (Nagelkerken et al. 2009). With growth, individuals move to shallow coral reef 
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areas (Nagelkerken et al. 2000). Adults inhabit clear coastal waters, mostly around hardbottom 
and coral reefs, usually occurring above the bottom, and frequently in aggregations. Yellowtail 
Snapper are commonly found in salinities ranging from brackish estwrine to open ocean 
values. likely 16-35 ppt. The upper lethal temperature for Yellowtail Snapper was 33.5-34.o•c 
(Wallace 1977). Yellowtail Snapper are not limited in their mobility, and Moe (1972) reported the 
species to be semi-pelagic wanderers over reef habitats. Adults tend to remain in an area once 
they have become established (Beaumariage 1969; Bortone and Williams 1986). Acoustic 
tracking of five individual Yellowtail Snapper near no-take marine reserves in the Dry Tortugas, 
Florirta. P.slimatP.11 an avP.ragP. homP. rangP. of ahout d 17 km2 (FarmP.r anrt Aull ?011) I ittlP. 
information exists in the literature concerning their diet. Larval/juvenile Yellowtail Snapper feed 
primarily on plankton, while Randall (1967) reported adults eat crabs (23%), shrimp (16%), and 
fishes (15.9%). Off Cuba, Piedra (1969) reported Yellowtail Snapper stomach contents included 
fish (82%), and shrimp (17%). Smaller fishes, crustaceans, marine worms, gastropods, and 
cephalopods have also been reported in the diet (Allen 1985). The spawning season is likely 
protracted, with seasonal peaks in activity (Erdman 1976). Munro et al. (1973) reported ripe 
individuals from March through May in nearshOre waters off Jamaica, but noted that Yellowtail 
Snapper spawn year-round in offshOre waters. Off Cuba, Piedra (1969) reported females were 
ripe between March and August. Allen (1985) reported Yellowtail Snapper spawning from April 
to August in the Florida Keys. The species is thought to form large spawning aggregations 
seasonally off the coasts of Cuba, the Turks and Caicos Islands, U.S. Virgin Islands, and during 
May-July southwest of Key West. FL, at Riley's Hump off of the Dry Tortugas (Lindeman et al. 
2000). Spawning probably occurs in open waters over high-relief hard bottom areas such as 
coral reefs, banks, and sheK areas, but has not been directly observed. Eggs are pelagic 
(Bortone and Williams 1986) and hatch after approximately 20 hours. Larvae likely rely on tidal 
currents for transport into estuaries where they utilize seagrass beds as nursery habitat. 
Settlement of larvae into seagrass habitats occurs around 3-4 weeks after hatching (Bortone 
and Williams 1986) at about 20 mm SL (Bartels and Ferguson 2006). Longevity is moderate, 
estimated as between 13-17 years for Yellowtail Snapper from the AUantic (SERO 2011). The 
species matures fairly quickly, with females from south Florida waters attaining 50% maturity at 
an average age of 1.7 years (Muller et al. 2003). Claro et al. (2001) report a mean size at 
maturity for Cuban fish as ~.8 cm TL and two years of age. Maximum size is reported to be 
810 mm. but most specimens captured are much smaller than this. Natural mortality was 
reported as 0.19. Combined, these characteristics indicate the species may be moderately to 
largely vulnerable to recovering from population disruptions or exploi:ations. A recent stock 
assessment of Yellowtail Snapper found that the stock was not overfished and overfishing was 
not occurring (SEDAR 2020). Little evidence of population structuring between the Florida 
Keys, southeast Florida, ana Puerto Rico has been found (Hoffman et al. 2003). Saillant et al. 
(2012) examined Yellowtail Snapper collected from the Florida Keys, Puerto Rico, and the us 
Virgin Islands (USVI), and their findings add further support for a single stock of Yellowtail 
Snapper off of southern Florida. Other stressors likely to impact Yellowtail Snapper include 
environmental alterations of their nursery habitat due to development (dredge/spoil disposal), 
pollution, harmful algal blooms, lionfish predation on juveniles and subadults on nearshOre 
reefs, and possibly increasing temperatures. 
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