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Presentation Notes
Hi and thanks for having me here today to discuss several data collection programs that are collecting information on the marine resources found in the estuarine waters of the lower Edisto River basin. 



SCDNR Marine Resources 
Research Institute
Mission: Conduct research and monitoring programs to assess the condition of our coastal resources and provide 
data required to address policy and management issues related to those resources
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If you are not aware, the South Carolina Department of Natural Resource’s Marine Resources Division has a Marine Resources Research Institute whose expressed purpose is to conduct research and run monitoring programs that can be used to assess the condition of our coastal marine resources and provide data required to address policy and management issues related to those resourcesWith this mission in mind, the research institute has 4 primary research areas: Monitoring and assessing the condition of all major fishery species, including estuarine and offshore finfish stocks, shellfish, shrimp and crab populationsMonitoring the condition of other important biological resources and their associated habitats,Environmental studies to assess the effects of human activities on our coastal resources; andMariculture research designed to develop improved technologies for producing seafood and enhancing depleted fishery stocks.With those research goals in mind, I’m going to share some brief information regarding some of the types of research scientists at the MRRI have conducted in the lower Edisto River Basin and the broader ACE Basin NERR.



Presentation Roadmap

Inshore Fisheries Research Section
Trammel Net Survey
COASTSPAN Survey
Electrofishing Survey
Adult Red Drum & Longline Survey

Crustacean & Mollusk Research Section
Oyster demographic project
Estuarine Trawl Survey

Environmental Research Section
South Carolina Estuarine and Coastal Assessment Program (SCECAP)
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These include…



SCDNR Inshore Fisheries Research Section
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The Inshore Fisheries Research group at the South Carolina Department of Natural Resources is a group tasked with conducting long-term monitoring and scientific research on the inshore marine fish species of South Carolina in order to better understand their populations and provide information useful for their sustainable management.Today, this is accomplished by a relatively small team of biologists with myself currently leading this teams monitoring and research programs.



Two Primary Species Interest Groups
Estuarine Finfish

Port Royal Sound Finfish Resources

Spotted Seatrout

Southern Flounder

Sheepshead

Black Drum
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Under this mission, our research focuses on two primary species interest groups, estuarine finfish such as Spotted Seatrout, Southern Flounder, Sheepshead, Black Drum, and Red drum



Two Primary Species Interest Groups
Estuarine Finfish Small and Large Coastal Sharks

Port Royal Sound Finfish Resources

Spotted Seatrout

Southern Flounder

Sheepshead

Atlantic Sharpnose

Sand Tiger Shark

Bull Shark

Tiger Shark

Scalloped/Carolina Hammerhead

Black Drum
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And small and large coastal shark species such as Atlantic Sharpnose, Bonnethead, Blacktip sharks, and tiger sharks.To collect information pertaining to these, and other important estuarine and elasmobranch species, we operate several long-term fishery-independent monitoring programs throughout the state.



Trammel Net Survey

Sampling areas
Lower estuary, salt-marsh edge 
habitats
Five target estuarine systems –
Port Royal Sound, ACE Basin, Charleston Harbor, 
Cape Romain, and Winyah Bay

Target species
Red Drum, Spotted Seatrout, Spot, Southern 
Flounder, Atlantic Croaker, and Black Drum

>120 species encountered
>400,000 organisms encountered

Trammel Net Survey
Quarterly sampling in PRS since 2010
Monthly sampling in other strata to 
as early as 1991

Measuring, tagging and releasing red drum caught 
by the trammel net survey in Port Royal Sound.

Presenter
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Our longest running survey is the SCDNR trammel net survey which began as early as 1991 in some strata. Today, this survey operate across all major estuaries of South Carolina, from Port Royal Sound in the south to Winyah Bay in the North, including routine sampling of the ACE Basin since 1994. The survey is designed to sample lower estuary, salt-marsh edge habitats that are used by a number of recreationally and ecologically important species. Target species include recreationally important species such as…We do this by using a type of net gear called a trammel net, and if time is available at the end I’ll show a video that provides a bit more information about this survey.



Coastal Shark Survey 
(COASTSPAN)

Sampling gear
Monofilament gill net (755’ x 10’)
Longlines (1000’, 50 hooks/set)
Drum lines (20/0 hooks)

Target Species are coastal sharks
Bonnethead, Scalloped Hammerhead, Atlantic 
Sharpnose, Finetooth, Sandbar, Blacktip, 
Lemon and Bull Sharks

After being measured and tagged, a bull shark is 
readied for release.

Seasonally (April-Sept.) from 1998-
present
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The 2nd longest running survey is our Coastal Shark Survey, or what we generally refer to as our COASTSPAN survey as it grew out of our attempts to understand how elasmobranchs use our coastal and estuarine waters as pupping grounds during the spring and summerThis seasonal survey operates in 2 general areas: St. Helena Sound/North Edisto River, which are a part of the Edisto River basin…and Bulls BayThe survey uses a variety of gears, including gill nets, longlines, and drum lines to target costal shark species ranging in size from neonates (newborns) to adults of both small (e.g., Atlantic Sharpnose and Bonnethead) and large (tiger sharks, bull sharks, scalloped hammerheads, blacktips) coastal shark species that regularly inhabit South Carolina estuarine waters. This survey, similar to the trammel net survey, uses these gears to sample near the edge of salt-marsh habitats and adjacent deep channels in generally high salinity areas.



Electrofishing Survey

Sampling areas
Brackish (salinity < 8 ppt) upper 
estuarine creeks and riverbanks
Five target rivers 

Combahee, Edisto, Ashley, Cooper and 
Sampit/Waccamaw Rivers

Target species
Red Drum, Southern Flounder, Spot, American Eel, 
Atlantic Croaker, and Spotted Seatrout

>100 species encountered
~ 450,000 organisms encountered

Electrofishing
Monthly sampling since May 2001
5-6 sites/mo/stratum

Electrofishing in the Ashley River  
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Our third survey, which began in 2001, targets a much different habitat than that of either the trammel net survey or the COASTSPAN survey, though it generally operates over much of the same spatial footprint of these surveys across coastal South Carolina.This survey samples…It is this habitat which likely is most affected by water quantity being discharged from inland freshwaters, as flows can lead to large shifts in salinity patterns experienced in these dynamic environments, with high flows leading to lower salinities and low flows leading to higher salinities. That is why in systems, such as the Edisto and Combahee, where the salinity profile appears to be particularly susceptible to flow rates, there is such a large swath of the river system covered by the survey. In dry, low flow years, we often have to go many miles further inland to find appropriate areas for sampling.That said, this is still a critical area for many marine species, including Red Drum, Southern Flounder, Spot, American Eel, Atlantic Croaker, and Spotted Seatrout. Further, this is an area where we see substantial overlap in the distribution of marine and freshwater species, as the survey also encounters many freshwater species such as largemouth bass, bream, and numerous catfish species.



Adult Red Drum & 
Shark Longline Survey

Sampling gear: 
1/3 mile monofilament longlines, 
40 hooks/set

Habitat: 
Channels at the entrances of estuaries and adjacent 
near-shore waters
Port Royal Sound, St. Helena Sound, Charleston Harbor, 
and Winyah Bay

Target species: Adult Red Drum and coastal sharks
> 50 species encountered
> 1,500 animals caught per year

Adult Red Drum & Shark Longline 
Survey
Seasonal (late-summer/fall) since 2007
~360 sets/year

Adult red drum captured by the 
longline survey in Charleston Harbor
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Our fourth and newest survey, at least in it’s current iteration, is our Adult Red Drum & Shark longline survey. Though this survey is related to a historical survey conducted by SCDNR that began in the early 1990s, in 2007 the survey was expanded to collect information across coastal South Carolina from Winyah Bay in the North to Port Royal Sound in the south, including sampling both within and near the mouth of the St. Helena Sound, the primary outflow area for the Edisto River Basin. The survey operates seasonally during the late-summer and fall and samples adult red drum and coastal shark species through the use of….…



Processing of Captured 
Fish
Fish brought on board and when 
possible placed in live well

All fish identified and counted
Most fish measured to nearest mm

Some fish tagged 
Red drum, black drum, sheepshead, 
southern flounder

Water conditions recorded
Tidal stage, water temp., salinity, 
dissolved oxygen
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Regardless of the survey, in general we are using the different platforms to collect similar information and as such process captured fish in much the same way. This includes bring individuals on board the research vessel and when possible placing the fish in a live well so that the fish can be returned to the water once we are done collecting information. Once on board, all fish are identified and counted and most fish are measured to the nearest mm.Then, some fish are tagged and at the same time we…Collection information on water condition, including tidal stage, water temperature, salinity, and dissolved oxygen concentration.This allows us, regardless of the survey, to answer such questions as:How has the overall abundance of the species changed through time?How has the size/age composition of individual species changed through time?Are the trends in abundance or size/age composition different spatially across the state?Do changes in environmental conditions, such as tidal stage, water temperature, salinity, and dissolved oxygen, affect the catch of individual species? Have there been long-term trends in overall environmental conditions in individual areas that may be leading to changes in abundance of individual species?



Some example data products
Trammel Net Survey and Longline Survey
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Here I cannot provide an exhaustive review of all the data available from these surveys, so I’m just going to show a couple of brief examples of the types of data products that can be created and how such data could be used to investigate how water quantity may affect marine fish communities using the lower edisto river basin.
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Encountered 111 different species since 2010

Presenter
Presentation Notes
One of the types of data we can look at with any of the surveys is community structure and potentially relate that to a number of environmental factors, several of which may be related to water quantity. Luckily, these surveys are designed to sample specific habitats, not necessarily specific species. Thus each tends to catch a wide range of species. For example, when we look at cumulative species richness in the trammel net survey via all collections since 2010 across the state, we observe the most diversity in Charleston Harbor, but one must realize we are sampling this area more intensely than we sample other estuaries across the stateKeeping sampling intensity in mind, we actually get pretty comparable species richness from our more limited sampling in the ACE Basin with 72 of the 111 different individual species captured being identified from trammel net catches in the ACE Basin since 2010.Though I haven’t done it here, we could use such community level information in concert with environmental information to see how the species assemblage changes with respect to environmental conditions, which could prove useful when developing a rivers water plan.
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We can also look at questions concerning timing of interactions with individual species, by stratum, to see if they are found seasonally or not and if the timing differs by stratum.Here I’m showing the monthly CPUE for Red Drum, Southern Flounder and Spotted Seatrout in the ACE Basin trammel net strata. Notice that the seasonal interaction of the survey with the individual species varies depending on the species in question, with Red Drum peak abundances occurring in the Summer months, Southern Flounder generally being available to the gear from April through October, but not available during the colder months of the year, and Spotted Seatrout generally increasing in abundance in the gear throughout the year. In the case of Red Drum and Spotted Seatrout, the seasonal peaks are driven by recruitment of small fish to the gear during the seasons of peak abundance. For southern flounder, it is more a product of when southern flounder can be found in the estuary, particularly in those habitats sampled by the trammel net survey. 
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We can also look at annual trends in abundance of individual species to try to determine if their abundances are changing dramatically through time. That is what I’m showing here once again for Red Drum, Southern Flounder, and Spotted Seatrout as observed in the ACE Basin by the trammel net survey.Clearly, the abundance of the different species are changing at different rates. For Red Drum, we see an initial steep decline, followed by a re-bound in the mid-2000s with a subsequent decline since. In contract, Southern Flounder have more or less been declining in abundance since the survey began in the ACE Basin. While some of these declines are likely driven by fishing pressure, there is evidence, particularly for southern flounder, that the declines may be due to environmental conditions leading to poor recruitment.In contrast, Spotted Seatrout abundance seems to be bouncing around a long-term mean, with the steep declines observed in 2001, 2010-2011, and 2018 being related to winter kills of the species due to extremely prolonged cold weather events. Here, we think the population abundance is primarily controlled by environmental conditions, with those cold winter kill events being a primary driver of population abundance.While I’m only showing information here from three species from the trammel net survey, we have this type of information for >50 different marine species when looking at data from all of the different surveys. Because we have this information, if there are some specific questions regarding how populations respond to different environmental conditions, we may have the information needed to answer those questions.
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For example, salinity, which is related to freshwater volume, may be an important driver of the abundance of individual marine species in estuarine environments such as the lower Edisto River basin. We could use the abundance data available from individual surveys to investigate the relationship. I’m showing such a relationship here, once again focusing on the abundance of Red Drum, Southern Flounder, and Spotted Seatrout in the trammel net survey. What we see for each is that they generally decrease in abundance as the salinity increases – a bit surprising for a “marine” species. While the mechanism for such a relationship is not well understood, perhaps more predators are around at higher salinity. Such a relationship with salinity clearly would have some implication to water management. 



Abundance of Data

Inshore fisheries has an abundance of data useful for looking at relationship 
between estuarine communities and environmental variables

Just provided a snapshot of the type of questions that could be investigated here, using 
some examples from the trammel net survey

Not fully investigated the relationship between survey abundance and 
environmental conditions to date

If there are specific questions, we are happy to investigate further
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So, what I’m really trying to give this group here is an appreciation of the types of data we at SCDNR have from the Inshore fisheries group.Here, I’ve just provided a snapshot of the types of questions that could be investigated here, using only a couple of examples from the trammel net survey. That said, across all our surveys, inshore fisheries has an abundance of biological and environmental data that could be useful for looking at how environmental factors influence the distribution and abundance of individual species and structures estuarine communities. I’m not presenting this here as an exhaustive data analysis looking for such relationships. That’s because we have not fully investigated the relationship between survey abundance and environmental conditions to date. That said, if there are specific questions, or specific relationships, that may be of interest to the group during this process, we are happy to investigate further.



Crustacean & Mollusk Research 
Section
Oyster Demographics Project
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So now I want to switch gears and talk a little about some of the research in the ACE Basin that is being conducted by the Research Institute’s Crustacean & Mollusk Research Section, headed by Dr. Peter Kingsley-Smith.  First, I’ll talk to some of the information that is available from the oyster demographics project.
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SCDNR mapped oyster layer:
-5,017 acres statewide (red)
-missing data in 3 areas (orange overlays)
-381 acres (8%) in Edisto Planning Basin (blue 
boundary)
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One of the things we do at the MRRI is to try to get a handle on the distribution of oyster beds across coastal South Carolina as oysters are both a valuable commercial and recreational resource, but the habitats they produce are also some of the most productive in the estuarine environment. As part of this, we have developed a GIS layer showing the spatial distribution of oyster beds across the state.This layer currently suggests there is somewhere in the neighborhood of 5,000 acres of oyster beds across the states estuaries, though note we are still missing data from some relatively large areas of the state.Of these 5,000 acres, a relatively small percentage (approximately 8%) currently falls within the Edisto Planning Basin.
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SCDNR oyster demographic project:
-Samples 35 - 37 sites annually (black 
dots)
-4 sites in Edisto Planning Basin area 
(blue boundary)
-beginning 6th season of data collection 
now
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But, we know that the distribution of “living” oyster beds is not static through time, with us seeing some large fluctuations in the distribution of “living” beds depending on environmental conditions, in particular salinity. As such, understanding the growth and mortality of oysters across different spatial locations became a focus of the sections oyster demographic project. The oyster demographic project began in 2015 to understand environmental effects on the growth and mortality at individual oyster beds across the state. As part of this project, staff sample 35-37 sites annually, 4 of which are found within the Edisto Planning basin area



Survey Methods

Collect representative oysters
Measure salinity, temperature, 
and dissolved oxygen
Assess oysters as living or 
“boxes”
Measure all live oysters and 
boxes
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At each site, staff collect representative oysters, measure environmental conditions, and determine what percent of the oysters are “living” on an individual reef. They also collect length information on individual oysters, both alive and dead, which helps us understand what age the oysters are if alive and perhaps how long ago they died if dead.
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Here are just a couple of additional photos showing staff collecting information
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Statewide Average Natural Mortality

SCDNR oyster demographic project:
-Steady decline in mortality following the 
2015 rain event (Joaquin) and subsequent 
storms.
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What we see is that there are annual fluctuations in the mortality rate of oysters across the state, with highest mortality of around 10% annually being associated with the 2015 rain event associated with Hurricane Joaquin that led to abrupt salinity changes in many coastal estuaries with large freshwater inflows.



Statewide mean, all years: 7.6 %
Edisto Planning Basin mean, all years: 5.3 %

Mortality is lower in Edisto area
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When we look at the average mortality rate across all years and sites, average annual mortality is about 7.6%, though it is somewhat lower when only looking at data from the Edisto area, being 5.3%. We have tended to see highest mortality across all years in the Santee Delta and Winyah Bay areas, which happen to be areas where we have seen several periods of flooding over the last few years leading to estuaries turning completely fresh for a period of time.This type of data would suggest water planning that allows for constant freshwater inputs would likely be most beneficial in the Edisto Basin.



Within the oyster-supporting region, the Edisto 
planning area has 2 distinct catchments: the 
South Edisto & North Edisto

The North Edisto does not have a large upland 
input
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Focusing on just the Edisto area, the Edisto planning area really has 2 distinct catchments supporting oysters, the South Edisto (yellow) and the North Edisto (pinkish). These catchments contrast with each other, as the North Edisto does not have a large upland input of freshwater. In each of these sub-catchments, we have 2 individual oyster demographic project sites, 



Statewide mean live oyster length, all years: 26.0 mm
Edisto mean, all years: 23.6

Size is smaller in Edisto area, driven by 2 
sites on lower S. Edisto
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Remember I said that as part of this project, staff are also measuring live oyster lengths. Statewide, when we use this information, we see the average length statewide is about 26.0 mm, while the Edisto is smaller at 23.6 mm. This smaller size is primarily driven by the two South Edisto catchment sites. More interestingly, we can look at how the length frequency of oysters changes from year-to-year.
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That is what I’m showing here using the length information collected from live oysters at the Bears Bluff sampling site for each year that the site was sampled. Using length frequency distributions, staff can make relative comparisons of recruitment success at different sites and in different years. A strong year class is characterized by a large peak on the left side of the frequency distribution, which is indicative of many small oysters. Poor recruitment is characterized by a lack of small individuals on the left side of the distribution (e.g. 2016-2017). Statewide, 2016-2017 had generally poor recruitment success, which could be attributed to the high mortality seen in the previous year (2015) related to Hurricane Joaquin (1,000-year flood) which caused massive amounts of freshwater to enter coastal systems.



North Inlet

South Santee

Winyah Bay

Cooper

Toogoodoo Creek

Edisto River

Big Bay Creek

Bears Bluff
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SCDNR oyster demographic project:Length-frequency graphs, by year, for the Edisto area, with 4 comparison areas from the northEdisto relatively similar to other state areas; 2016-17 recruitment dip following the “1000 year flood”, with recovery in subsequent yearsHowever, the S. Edisto does not show the perennially depressed recruitment seen in the massive northern watersheds, particularly Winyah Bay, but also S. Santee



Crustacean & Mollusk Research 
Section
Estuarine Trawl Survey

11/19/202029

Presenter
Presentation Notes
I also want to talk very briefly about some other monitoring work conducted by the Crustacean & Mollusk Research Section across South Carolina, including the Edisto Basin, that being the estuarine trawl survey.
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Estuarine Trawl Survey

Presenter
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The estuarine trawl survey is a monitoring program designed to collect information on numerous species across coastal South Carolina, with monthly sampling in Charleston Harbor, and sampling 4 times a year on a South Trip that includes numerous stations in the Edisto River and larger ACE Basin region.This program is similar to the fishery-independent monitoring programs I discussed from the inshore fisheries section, being designed to investigate how the abundance of different species changes as a function of time, space, and environmental conditions.



Long-term variability in species abundances
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For example, here is how the abundance of horseshoe crabs, white shrimp and blue crabs vary annually in this survey in the ACE Basin
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Species

Species specific responses to salinity

Presenter
Presentation Notes
Because we are collecting environmental information when we are collecting information on the abundance of individual species, we can look to see how environmental variables such as salinity impacts the occurrence of individual species in this survey, similar to what we I showed an example for from the trammel net survey. Here I’m showing such a relationship looking at the probability of occurrence of horseshoe crabs, white shrimp, and blue crabs with salinity. What we see is that salinity impacts the probability of encountering each of these species in the estuarine trawl survey, with blue crabs and white shrimp being less likely to occur during high salinity periods (e.g., drought years) and horseshoe crabs being more likely. Once again, such relationships of marine species with salinity could be an important consideration when planning the water use of the Edisto River.Model results based on statistically significant logistic regression analyses conducted separately for each species for trawls conducted in March and April.



Environmental Research Section
South Carolina Estuarine and Coastal Assessment Program (SCECAP)
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Finally I want to mention the Environmental Research Section’s, headed by Dr. Denise Sanger’s,  South Carolina Estuarine and Coastal Assessment Program (SCECAP) who also conducts significant research in the ACE Basin.



SCECAP ACE Basin Data
Time frame: 1999-2018

Summer (July and August) sampling

Sites
RT: tidal creek sites; RO: open water sites

Water Quality Data
Basic water quality
Bacteria
Nutrients

Sediment Data
Sediment quality
Sediment contamination

Biological Data
Benthic infauna
Nekton

34
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• ACE NERR collects variety of water quality and marsh data (not shown here)
• Late 1990s-present
• 5 continuous water quality stations throughout estuary
• Monthly nutrient information

Presenter
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This survey has been conducted annually during the months of July and August since 1999 across the state, including the ACE Basin. As part of this program, they collect…Water samples - used to investigate basic water quality (e.g., salinity, temperature, dissolved oxygen, etc.) as well as assess the water for bacterial loads and nutrient (for example total phosphorus and total nitrogen) concentrations.Sediment samples - used to look at metrics of sediment quality as well as to look for sediment contamination by different chemicals and substances. Biological samples – used to look at changes in abundance of benthic infauna and nektonfrom tidal creek and open water sites across the state, with many such sites occurring in the ACE Basin. In addition to the data from the SCECAP program, the ACE NERR also collects….
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Combining information from the water, sediment, and benthic samples, SCECAP then assigns a score of poor (red), fair (yellow), or good (green) environmental health for each sampled site. Here I’m showing the score from each site scored from within the ACE Basin as part of the SCECAP program from 1999-2018, but you can also look at trends through time as well. In general, in the ACE what you see is that further upstream sites tend to exhibit lower SCECAP environmental health scores, though the majority overall would be considered to be in good health.
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We can also use SCECAP data to look at trends through time of individual variables of interest, two of which I’m showing here which are total nitrogen (red) and total phosphorus (yellow). While both of these are essential elements needed to support the base of aquatic food chains due to their importance to phytoplankton, too high of a concentration of either is associated with extreme eutrophication of water bodies which often leads to poor water quality and anoxic conditions due to rampant phytoplankton blooms.Here we’ve broken the measurements into annual averages of open water (solid line) and creek (dashed line) sites. What we see is generally no trend in total phosphorus, and a decreasing trend in both open water and creek sites for total nitrogen. Such a decreasing trend in total nitrogen would be suggestive of improving water quality in the ACE Basin through time.



ACE SCECAP Water Quality Data
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In fact, when we look at a suite of water quality parameters, we see a significant temporal trend through time with several variables, including DO (increasing), salinity (decreasing), and total nitrogen (decreasing). The decreasing trend in total nitrogen and increasing trend in dissolved oxygen would generally be considered indicative of improving water quality through time in the ACE Basin. 



Point of Contacts

Marine Resources Research Institute
Dr. Mike Denson (densonm@dnr.sc.gov) – Director 

Inshore Fisheries Research Section
Dr. Joey Ballenger (ballengerj@dnr.sc.gov) – Section Manager
Mr. Bryan Frazier (frazierb@dnr.sc.gov) – Lead Scientist, Elasmobranch Research

Crustacean & Mollusk Research Section
Dr. Peter Kingsley-Smith (kingsleysmithp@dnr.sc.gv) – Section Manger, Mollusk Research
Dr. Michael Kendrick (kendrickm@dnr.sc.gov) – Lead Scientist, Crustacean Research

Environmental Research Section
Dr. Denise Sanger (sangerd@dnr.sc.gov) – Section Manager – ACE NERR Coordinator
Dr. Andrew Tweel (tweela@dnr.sc.gov) – Lead Scientist – SCECAP Program
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Questions
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