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The Condition of South Carolina’s Estuarine and Coastal Habitats During 2021-2022

INTRODUCTION

South Carolina’s extensive coastal zone
supports an abundance of oysters, shrimp,
crabs, and finfish and provides a beautiful
setting for residents and tourists to enjoy. In
2019, tourism expenditures in South Carolina’s
eight coastal counties exceeded $9.8 billion
(U.S. Travel Association, 2020). In 2017, the
state’s coastal recreational and commercial
fisheries contributed more than $557 million
and $47 million in economic impact, respec-
tively (National Marine Fisheries Service, 2021).
A variety of sensitive estuarine areas provide
attractive viewscapes while also serving as
nursery or primary habitat for important fishery
resources. Thus, it is critical to protect South
Carolina’s coastal habitats from degradation.

As in most coastal states, the population
in the coastal counties of South Carolina
has been rapidly increasing in recent years.
According to the U.S. Census, 1.47 million
people were living in South Carolina’s eight
coastal counties in 2020 (U.S. Census Bureau,
2022), an increase of 20% since 2010. By
2030, this number is expected to increase 27%
to 1.86 million people (South Carolina Revenue
and Fiscal Affairs Office, 2022). The associated
expansion of housing, roads, and commercial
and industrial infrastructure, combined with
increased recreational utilization of our coastal
waters, could result in increased risk for im-
pacts to South Carolina’s coastal habitats.

The South Carolina Estuarine and Coastal
Assessment Program (SCECAP) was estab-
lished in 1999 to begin evaluating the overall
health of the state’s estuarine habitats on a
periodic basis using a combination of water
quality, sediment quality, and biotic condition
measures. This collaborative program involves
the South Carolina Department of Natural
Resources (SCDNR) and the South Carolina
Department of Environmental Services
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Urban sprawl is one of the primary threats to the
quality of South Carolina’s estuarine habitats.
(Shem Creek, South Carolina)

(SCDES; formerly SC Department of Health and
Environmental Control [SCDHEC]) as the two
lead state agencies, as well as the National
Oceanic and Atmospheric Administration’s
National Ocean Service (NOAA/NOS) Hollings
Marine Laboratory located in Charleston, SC.
SCECAP and the U.S. Environmental Protection
Agency’s (USEPA) National Coastal Condition
Assessment (NCCA) Program partnered on
sample and data collection in 2000-2006,
2010, and again in 2020.

SCECAP represents an expansion of
ongoing monitoring programs being conduct-
ed by both state and federal agencies and
ranks among the first in the country to apply
a comprehensive, ecosystem-based assess-
ment approach for evaluating coastal habitat
condition. While the NCCA Program provides
useful information at the national and regional
scale through their National Coastal Condition
Reports (https://www.epa.gov/national-aquat-
ic-resource-surveys/national-coastal-condi-
tion-reports), many of the thresholds used for
the national report are not as appropriate as
thresholds developed specifically for South
Carolina. Additionally, the SCECAP initiative
collects data for parameters that are not
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collected by NCCA, collects data on a yearly
basis, and collects juvenile density data for
multiple species of finfish which are used in
stock assessments.

There are several critical attributes of
the SCECAP initiative which set it apart from
other ongoing monitoring programs being
conducted in South Carolina by SCDES (pri-
marily focused on water quality) and SCDNR
(primarily focused on fishery stock assess-
ments). These include: (1) sampling stations
throughout the state’s estuarine habitats using
a statistical survey approach that complements
both agencies’ ongoing programs involving
fixed station monitoring networks, (2) using
integrated measures of environmental and
biological condition that provide a more com-
plete evaluation of overall habitat quality, and
(3) monitoring tidal creek habitats in addition to
the larger open water bodies that have been
traditionally sampled by both agencies. This
last component is of particular importance
because tidal creek habitats serve as important
nursery areas for most of the state’s economi-
cally valuable species and often represent the
first point of entry for runoff from upland areas.
Thus, tidal creek systems can provide an early
indication of anthropogenic stress (Sanger et
al., 1999a, b; Lerberg et al., 2000; Van Dolah
et al., 2000; 2002; 2004; 2006; Holland et al.,
2004; Sanger et al., 2015).

This technical report is part of a series
of biannual reports describing the status of
South Carolina’s estuarine habitats. The 2021-
2022 SCECAP report, as well as all reports
for previous survey periods, can be obtained
from the SCECAP website at http://www.dnr.
sc.gov/marine/scecap/. Raw and summarized
data from these surveys can be requested by
contacting the Principal Investigator (Andrew
Tweel; TweelA@dnr.sc.gov).

Technical Summary 2

Long-term monitoring programs such as
SCECAP must find a balance between
using the same methods and measures

for consistency across time, and incor-
porating new methods and measures as
they are developed and proven.

METHODS

SCECAP uses sample collection and pro-
cessing methods consistent with SCDES’s water
quality monitoring program methods in effect
at the time of sample collection (SCDHEC, a-d)
and the USEPA’s National Coastal Condition
Assessment (NCCA) Program (https://www.epa.
gov/national-aguatic-resource-surveys/ncca).
The sampling and analytical methods used for
SCECAP are fully described in the first SCECAP
report (Van Dolah et al., 2002). Long-term mon-
itoring programs such as SCECAP must find a
balance between using the same methods and
measures for consistency across time, while
incorporating new methods and measures as
they are developed and proven. Some analytical
methods used by SCECAP have been modified
from the original methods and are fully described
by Bergquist et al. (2009) and in this report.
The data analysis methodology described in the
following sections was consistently applied to
data from all SCECAP survey periods.

21. Sampling Design

SCECAP sampling stations extend from
Little River Inlet at the South Carolina-North
Carolina border to the Savannah River at the
South Carolina-Georgia border, and from the
saltwater-freshwater interface to the mouth
of each estuarine drainage basin. South
Carolina’s estuarine habitats can be subdivid-
ed into two habitat types: approximately 83%
are larger open water bodies - formed by tidal
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rivers (>100 m wide), bays, and sounds - and
the other 17% consists of smaller tidal creeks
(defined as water bodies approximately 10-100
m wide from marsh bank to marsh bank). New
station locations are assigned each year, half
of which are randomly placed in each habitat
type using a Generalized Random Tessellation
Stratified spatially balanced survey design
(Stevens, 1997; Stevens and Olsen, 1999).
From 1999-2006, 50-60 estuarine stations
were sampled in South Carolina each year,
but a change in funding led to smaller annual
sampling efforts beginning in 2007 with a
total of 30 stations (15 open water and 15 tidal

creek) sampled each year. Because these data
are averaged across two sampling seasons to
achieve the necessary sample size for per-
cent area estimates, interannual variability in
conditions is better understood by exploring
raw values within habitat types and years in
the context of the overall dataset. From 1999
through 2022, a total of 931 stations were
sampled. The 60 stations sampled in 2021-
2022 are shown in Figure 2.11 and station
information is detailed in Appendix 1.

Sampling occurs during the summer (origi-
nally late June through early September; now
focused on July and August). This sampling

Figure 2.1.1. Locations of stations sampled during 2021 and 2022.
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window was chosen because summer tempera-
tures and elevated biological activity can contribute
to low dissolved oxygen levels that can be
limiting to biota, and many fish and crustacean
species of concern utilize the estuary for nurs-
ery habitat during the summer months. Most
measures of water quality, sediment quality, and
biological condition are collected within three
hours on either side of low tide.

All data are stored in a relational database
and validated using a rigorous quality assurance
process. SCDES maintains a Quality Assurance
Project Plan for water quality sampling compo-
nents conducted by their department.

2.2. Water Quality Measurements

Time-series measurements of temperature,
salinity, dissolved oxygen (DO), and pH are
obtained from the near-bottom waters of each
station using YSI Model 6920, 6600, or EXO2
multiprobes logging at 15-minute intervals for
25 hours to assess conditions over two full tid-
al cycles, as well as representing both day and
night conditions. Both SCDES and SCDNR field
staff also collected an instantaneous measure
of these parameters at several depths (0.3 m
beneath the surface, in the middle of the water
column, and 0.3 m above the bottom) during
the station visit. Other primary water quality
measures that are collected from near-surface
waters include total nitrogen (TN; sum of
nitrate/nitrite and total Kjeldahl nitrogen [TKN]),
total phosphorus (TP), chlorophyll a (Chl-a),
and enterococcus and fecal coliform bacteria.
Secondary water quality measures are also
collected from near-surface waters, including
water clarity based on a Secchi disk measure-
ment. Data for the secondary water quality
measures are available upon request but are
not described in this report because these
measures are not included in the SCECAP
Water Quality Index (WQI) or do not have state
water quality standards.

Technical Summary 4

A handheld multi-meter (right) is used to collect water
quality at different depths, and a data logging instrument
(left) is deployed to collect bottom water quality through-
out two high-low tidal cycles.

All nutrient samples for laboratory analyses
were collected by rinsing an intermediate
collection vessel three times with station water,
inverting and inserting the collection vessel to
a depth of 0.3 m, and then filling the collection
vessel at depth. Water for nutrient samples was
then poured directly into sample bottles contain-
ing a sulfuric acid preservative. Sample bottles for
Chl-a and fecal bacteria were inverted, inserted
to a depth of 0.3 m, and filled directly with station
water. All water samples were stored on ice until
they were returned to the laboratory for further
processing. Bacteria samples and total nutrients
were processed by SCDES using the standardized
procedures in effect at the time of sample collec-
tion or analysis (SCDHEC, b-d). From 2011-2022,
SCDES TN and TP values from SCECAP-specific
samples were not available for many stations;
therefore, 2011-2022 TN and TP values were
calculated as the average of the nutrient data
that were collected at those stations during
routine monthly SCDES sampling for the months
of June, July, and August. This includes, when
available, both SCECAP-specific sampling and
routine monthly SCDES sampling. The number of
values included in TN and TP averages ranged
from one to four. Because the Eutrophic Index was
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calculated from TN, TP, and Chl-q, in order to
process all Eutrophic Index parameter values in
a consistent manner, it was decided to apply the
same method to Chl-a values from June-August
for the 2011- 2022 period as well.

2.3. Sediment Quality Measurements

Bottom sediment samples were collected
at each station using a stainless steel 0.04 m?
Young grab deployed from an anchored boat
that was repositioned between sample collec-
tions. The surficial sediments (upper 2 cm) of
four or more grab samples were homogenized
on-station in a stainless steel bowl (sterilized with
70% ethanol) and placed in pre-cleaned con-
tainers for analysis of silt and clay content, total
organic carbon (TOC), porewater total ammonia
nitrogen (TAN), contaminants, and sediment
toxicity. All sediment samples were kept on ice
while in the field and then stored either at 4°C
(toxicity, TAN) or frozen (contaminants, silt and
clay content, TOC) until analyzed. Particle size
analyses were performed using a modification
of the pipette method described by Plumb
(1981). Porewater TAN was measured using a
Hach Model 700 colorimeter, and TOC was
measured by GEL Laboratories in Charleston,
SC. Contaminants measured in sediment include
22 metals, 89 polycyclic aromatic hydrocarbons
(PAHSs), 91 polychlorinated biphenyls (PCBs), 14
polybrominated diphenyl ethers (PBDEs), and
25 legacy pesticides. All contaminants were
analyzed by the NOAA/NOS National Centers
for Coastal Ocean Science Hollings Marine
Laboratory using procedures similar to those
described by Kucklick et al. (1997), Long et al.
(1997), Balthis et al. (2012), and Chen et al. (2012).
Concentrations of a subset of the sediment
contaminant parameters were used to calculate
a mean Effects Range Median quotient (NERMQ)
which provides a convenient measure of sedi-
ment contamination on a biological impact basis
for 24 compounds for which there are biological
effects guidelines (Long and Morgan, 1990; Long
et al,, 1995; 1997; Hyland et al., 1999; 2003).

Sediment toxicity was assessed by the
Microtox® solid-phase bioassay, which uses a
photoluminescent bacterium (Vibrio fischeri)
and protocols described by the Microbics
Corporation (1992). In past reports, a 7-day
juvenile clam growth assay using Mercenaria
mercenaria and protocols described by

A Young grab is used to collect samples for sediment
quality and benthic biological condition.

5 Technical Summary




The Condition of South Carolina’s Estuarine and Coastal Habitats During 2021-2022

Methods

Ringwood and Keppler (1998) was also in-
corporated in the toxicity component of the
Sediment Quality Index (SQI), but results from
the clam growth assay were not robust for
2011- 2016 due to supply limitations, overall
low growth rate, and/or high clam mortality

in the control samples, and this assay was
discontinued after 2016. In some earlier survey
periods, a 10-day whole sediment amphipod
assay was performed as a third toxicity mea-
sure. The amphipod assay has generally prov-
en to be very insensitive for South Carolina
sediments and has not been retained as part of
the suite of toxicity measures for SCECAP. The
Microtox® assay may yield false positive results
(Ringwood et al. 1997); to limit the impact of
false positives, the assays were scored as
“fair” for a positive toxicity result and “good”
for a negative result in the sediment toxicity
component of the SQI.

2.4. Biological Condition Measurements

Two whole benthic samples were collected
by a Young grab; each sample was washed
through a 0.5 mm sieve to collect the macro-
benthic invertebrate fauna, which were then
preserved in a 10% formalin/seawater solution
containing Rose Bengal stain. All organisms
from the two grabs were identified either to the
species level or to the lowest practical taxo-
nomic level if the specimen was too damaged
or immature for accurate species level identifi-
cation. A reference collection of benthic spe-
cies collected for this program is maintained
at the SCDNR Marine Resources Research
Institute. The benthic data were incorporated
into a Benthic Index of Biotic Integrity (B-I1BI) for
the Carolinian Province, based on number of
taxa, abundance, dominance, and percent sen-
sitive taxa (Van Dolah et al., 1999) which was
used as the Biological Condition Index (BCI).

Fish and large invertebrates were collect-
ed by trawl at each station following benthic
sampling to evaluate near-bottom nekton

Technical Summary 6

A macrobenthic invertebrate sample is collected and
rinsed through a 0.5 mm sieve before being preserved
for processing in lab.

community composition. Two replicate trawl
tows, pulled in the same direction as tidal flow,
were made sequentially at each station using a
4-seam trawl (5.5 m foot rope, 4.6 m head rope
and 1.9 cm bar mesh throughout). Trawl tow
lengths were standardized to 0.5 km for open
water stations and 0.25 km for tidal creek sta-
tions. Occasionally, due to logistical limitations
at stations, actual tows were slightly shorter
than target tow lengths; when that occurs, actu-
al tow length was recorded, and data from that
trawl were only included in analyses if the tow
was at least 50% of the target tow length. Mean
abundances were corrected for the total area
swept by the two trawl tows using the formula
described by Krebs (1972). Captured fish, squid,
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large crustaceans, and horseshoe crabs were
identified, counted, and checked for gross pa-
thologies, deformities, or external parasites. Up
to 30 individuals of each taxon were measured
to the nearest centimeter. Most trawl organisms
were released on station after identification and
enumeration, with the exception of a small hum-
ber of organisms that were brought back to the
lab to confirm identification or for research use.
Concentrations of contaminants in fish tissue
were assessed from 2000-2006, 2010 (NCCA),
and 2020 (NCCA); tissue contaminant samples
are no longer routinely collected by SCECAP
due to funding constraints.

Trawl catches often exhibit uneven dis-
tribution of organisms in estuaries which
can result in one or two very large catches
strongly influencing survey results. To mitigate
this effect, overall trawl capture densities were
summarized by habitat and survey period in two
ways: (1) calculating the mean of trawl densities
across all stations in each survey period, and (2)
identifying the median of trawl densities across
all stations in each survey period.

South Carolina’s wildlife need good water and sediment Fish and large invertebrates are collected by trawl, iden-
quality. tified, measured, and released.

7 Technical Summary
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2.5. Integrated Indices of Estuarine
Habitat Condition

One of the primary objectives of SCECAP
is to develop integrated measures of estuarine
condition that synthesize the program’s large
and complex environmental datasets. Such
measures provide natural resource managers
and the general public with simplified state-
ments about the status and trends of the con-
dition of South Carolina’s coastal zone. Similar
approaches have been developed by federal
agencies for their National Coastal Condition
Reports (https://www.epa.gov/national-aquatic-
resource-surveys/national-coastal-condition-
reports) as well as by a few state agencies and
other entities using a variety of approaches
(Carlton et al., 1998; Chesapeake Bay Foundation,
2021; Partridge, 2007).

For SCECAP analysis, four integrated indices
are computed describing components of the es-
tuarine ecosystem: water quality (WQI), sediment
quality (SQI), biological condition (BCI), and overall
habitat quality. The WQI combines three measures
and one metric, the SQI combines three mea-
sures, and the BCl includes only the B-IBI (Table
2.5). These three indices are then combined into

Shrimp, crabs, and many fish species are dependent
upon estuarine habitat for survival. In turn, fishermen
are dependent upon good estuarine habitat quality for
their livelihoods.

Technical Summary 8

a single integrated Habitat Quality Index (HQI).
The integrated indices facilitate communication
of multi-variable environmental data to the public
and provide a more reliable tool than individual
measures (such as DO, pH, etc.) for assessing es-
tuarine condition. For example, one location may
have degraded DO but normal values for all other
measures of water quality, while a second location
has degraded levels for the majority of water
quality measures. If DO were the only measure
of water quality used, both locations would be
classified as having degraded condition with no
basis for distinguishing between the two locations.
However, an index that integrates multiple
measures would likely not classify the first
location as degraded yet detect the relatively
greater degradation at the second location.

Table 2.5.1. Individual measures comprising the inte-
grated Water Quality, Sediment Quality, and Biological
Condition indices.

Water Quality Sediment Quality Biological

Index Index Condition Index
Dissolved Contaminants B-IBI
Oxygen (mERMQq)
Fecal Coliform  Toxicity
Bacteria (Microtox®)
pH (salinity- Total Organic
corrected) Carbon

Eutrophic Index

Total
Nitrogen

Total
Phosphorus

Chlorophyll a

Current methods for calculating the four
integrated indices are described in detail in the
2005-2006 SCECAP report (Bergquist et al.,
2009). Broadly, each individual measure from
a sampled station that is included in the calcu-
lation of an integrated index is given a score of
“good,” “fair,” or “poor.” The thresholds used for
scoring each measure are listed in Appendix
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2. In the various graphics and tables of this
report, these scores are depicted as green,
yellow, and red, respectively. Thresholds for
defining conditions as good, fair, or poor are
based on 2008 state water quality standards
(SCDHEC, a), published findings (Hyland et

al., 1999 for mERMq; Van Dolah et al., 1999 for
benthic condition), or percentiles of a histori-
cal database for the state based on SCECAP
measurements collected from 1999-2006
(Bergquist et al., 2009). Each measure is given
a numerical score (5, 3, and O for scores of
good, fair, and poor, respectively) and the nu-
merical scores of the individual measures are
averaged into an integrated index value. The
Water Quality, Sediment Quality, and Biological
Condition indices are likewise given a score of
good, fair, or poor using methods described in
Van Dolah et al. (2004). The resulting numer-
ical scores for the WQI, SQI, and BCl are then
averaged into an overall Habitat Quality Index
as shown in Table 2.5.2.

Table 2.5.2. Summary of possible index values and scores
for the integrated Habitat Quality Index, based on combina-
tions of scores from the Water Quality Index (A), the Sediment
Quality Index (B), and the Biological Condition Index (C).

Component Index Scores

Habitat Quality
Index (Average)

HQI Score

(o} 0.00 Poor (0)
(0] 1.00 Poor (0)
(0} 1.67 Poor (0)
(0] 2.00 Poor (0)
(0] 2.67 Fair (3)
(0] 3.33 Fair (3)
3 3.00 Fair (3)
3 3.67 Fair (3)
3 4.33 Good (5)
5 5.00 Good (5)

It is important to note that as new infor-
mation has become available, the calculation
methodology used by SCECAP has been

modified. Modifications include changes in

the individual measures used in the integrated
indices, threshold values, scoring processes,
and methods used to address missing data.
While these changes often do not result in
very large changes in data interpretation, the
results presented in this report for earlier years
may not exactly match those in the previously
published reports. However, the current report
does reflect the updated data analysis ap-
proach applied to all previous survey periods.

2.6. The Presence of Litter

Litter is one of the more visible signs of
habitat degradation. While the incidence of
litter is not used in the overall Habitat Quality
Index, the presence of litter in the trawl or on
the banks for 250 meters on each side of the
station is recorded.

2.7. Data Analysis

Use of the probabilistic statistical survey
sampling design provides an opportunity to
estimate, with confidence limits, the proportion
of South Carolina’s estuarine water classified
as being in good, fair, or poor condition. These
estimates are obtained through analysis of
the cumulative distribution function (CDF)
using procedures described by Diaz-Ramos
et al. (1996) and using a program developed
within the R language and statistical software
environment (http:// www.r-project.org/). The
percent of the state’s overall estuarine habitat
scoring as good, fair, or poor for individual
measures and for each of the indices is cal-
culated after weighting the analysis by the
proportion of the state’s estuarine habitat
represented by tidal creek (17%) and open
water (83%) habitat. In the past, SCECAP used
continuous values in these analyses, when
possible, but this methodology was modified to
use only categorical scores to improve 1) con-
sistency with reporting by the SCDES Ambient
Surface Water Quality Monitoring Program, and

9 Technical Summary
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2) calculation of the 95% confidence limit for
each estimate. For brevity, graphical summa-
ries in this report are primarily limited to overall
estuarine habitat condition (tidal creek and
open water combined).

RESULTS AND DISCUSSION

3.1. Water Quality

SCECAP collects a wide variety of water
quality parameters each year as part of the
overall investigation of estuarine habitat
quality. Poor water quality measures, if
observed repeatedly in a watershed, can
provide an early warning of impaired habitat,
especially related to nutrient enrichment and
bacterial problems. Six parameters are con-
sidered to be the most relevant with respect
to biotic health and human uses and have
been incorporated into a Water Quality Index
(WQl) developed by SCECAP. These include:
1) dissolved oxygen (DO), which is critical to
healthy biological communities and at de-
pressed levels can reflect organic pollution;
2) pH, research indicates that acidification of
seawater driven by elevated atmospheric CO,
concentrations will have adverse impacts on
many organisms, including shellfish (Robbins
and Lisle 2018; Baag and Mandal 2022); 3)
fecal coliform bacteria, which are an indica-
tor of potential human pathogens; and 4) a
combined measure of total nitrogen (TN), total
phosphorus (TP), and chlorophyll a (Chl-q),
that can indicate potential nutrient enrichment
and/or associated algal blooms in a water
body. These latter three measures (TN, TP,
and Chl-a) are combined into a Eutrophic
Index, which is incorporated as one quarter of
the weight of the overall WQI (Table 2.5.1).

Applying the WQI to 2021-2022 survey
data, 97% of the state’s estuarine habitat

Technical Summary

scored as being in good condition, 1% scored
as fair, and 2% scored as poor (Figure 3.1.1).
Among the WQI component parameters, the
component with the highest percentages of
habitat scoring as poor (5%) was Chl-a and fair
(18%) was fecal coliform bacteria (Figure 3.11,
Appendix 3). Only 1% of SC estuarine habitat
scored as poor for pH, fecal coliform, TN, and
Eutrophic Index. The proportion of the state’s
overall estuarine habitat with good water
quality in 2021-2022 was higher than average
relative to the full survey period (Figure 3.1.2).

As has been observed throughout the en-
tire 1999-2022 SCECAP program, tidal creek
habitat in 2021-2022 showed more variable
and overall lower water quality compared
to open water habitats (Table 3.1.1; Figure
3.1.3; Appendix 2). During the 2021-2022
survey, 100% of open water and 83% of tidal
creek habitats, scored as good on the WQI
(Appendix 2).

The geographic distribution of stations for
the 2021-2022 survey period with good, fair,
or poor WQI scores are shown in Figures 3.1.4,
3.1.5, 3.1.6, with scores and sub-scores shown
in Appendix 3. Of the 60 stations sampled
in 2021-2022, 3 tidal creeks and no open
water stations had poor WQI (Appendix 3). All
three of these stations were sampled in 2022
and occurred in or near St. Helena Sound in
the Southern Region (Figure 3.1.6). The first
station with poor water quality (RT22001),
located in a tidal creek behind Edisto Island,
was due to poor to fair scores for DO, fecal
coliform, pH, TP, and Chl-a. The second sta-
tion (RT22009), located in a tidal creek on
Morgan Island, was due to poor to fair scores
for DO and pH. The third station (RT22020),
located in a tidal creek in front of Fenwick
Island, scored poor or fair for DO, fecal coli-
form, pH, and TN. In 2021-2022, none of the
30 open water stations and 2 of the 30 tidal
creek stations had fair WQI scores.
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Water Quality: 2021-2022
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Figure 3.1.1. Percentage of the state’s estuarine habitat that scored as good, fair, or poor for the Water Quality Index
and the component parameters that comprise the index. Percentage is based on data obtained from 30 stations for

each habitat during 2021 and 2022.
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Figure 3.1.2. Percent of coastal habitats corresponding to each Water Quality Index category by survey period

Figure 3.1.3. Water Quality Index scores observed by survey period and habitat type.

Technical Summary 12




1-2022

itats During 202

’s Estuarine and Coastal Hab

The Condition of South Carolina

iscussion

Results & D

1euqeH

xapuj AyjpNE 1910/ 9y Ul PaPNjoUl SSINSDAW 9SOy} Sap2ipul ybiybiy
an|g Aanins dy230S 9yl 10 1naA yona buninp sipniqoy 191om usdo pup %9912 [DPIY Ul PAAISSQO SaInspaW Aypnb 191pm ubsw Jo Aipwwins “JJ°S 9/qn]

€9z 9€C (ST TE€Z O€C 8Lz 997 O0O0E 687 L6l LOE TYE [6T 608 O0CE €67 €76 €L T9Z 80T LZE  ver SlE L€ H9910

687 §Sz &8sz K9z  9vZ [z &S YOE 9vz Lz b6z SOE 80 p9r €€ €0E L€ 6SZ  v8Z 66l Ol z8Z I8  TOT uado

76z ver vOE 908 [6T 867 LOE €O 96Z €67 86Z LOE TIE 667 667 €0 TOE 667 967 067 06 S67 86T  LOE )
(D) @1mesadwa]

vez 6z LOE  v0OE 687 t6r 80 [67 16 68 66Z LOE 8OE S8 06Z 86 L6 00E L6 §8C 6  S6C 6T  TOE uado
88 66 9y €9 60, <z €7 86 65 6% 98 (6 Lzl 8L 68 60. LOL 08 07 9U 6  80L Sz 9T H9910 (16

A

oL 78 9l 8e voL <S6 88 6 99 6Z 9. L8 6 TL T6 OW vL LL v8 69 oL Lo 16 €0l uado 2 Ikudo.oiyd
[00 900 900 800 800 (00 600 900 800 800 900 600 600 600 600 900 LOO 800 ZO 600 900 600 OL0 600 ) (1/6w)
900 $00 SO0 L00 LOO 900 800 900 LOO 900 SO0 600 600 LOO SO0 900 LOO 800 800 900 SO0 900 900 800 usdp ~ SMoudsoud IeioL
090 OV0 ZL0 6E0 60 8E0 90 190 8€0 950 8y0 g0 ZEO 290 S90 Z€0 0ZO0 [90 $90 L0 850 TLO  SLO 690 ) (1/6w)
3 . . . . N ’ . . " . y . . . 3 y . . 8 . . . . usBoIN [e30L

¥¥0  Ov0 650 vE0 S€0  Zr0 690 7SO0 SED €90 ZEO 6€0 SO LSO TS0 970 0ZO0 /SO 2SO Y80 S0 990 850 IS0 uado
az e 19 el 98 oz ¥9 9L Iz 8s 85l Sz Lz S e nl 9 ez /8 L sz se §§ o€ ) ——
0z 6 L o €l v sl € 8e iz 9 €z ol 6l &l o0 vz o 0 sz 6 tl n Iy usdo AL [

oL L€L OvL zL SE€L E¥L OvL 6€L  LvL  LZL €€L  TSL €L  6YL evL E¥L 8yL OEL 9EL \€L  ESL  9SL  E¥L  TSL )
Hd

z9L 95L 8vL  8SL SSL v9L 9SL 09L €L €vL  T9L  6SL  8SL €9L 89L 89L 89L 6SL SLL €L WL  [9L €SL  8SL uado
60v O0SY 8SY Y€ 8€y ISb  €8% IGY S9v Oy OvE ey v Wy 05y €Sy €€y v oS 8SY  ISv  Stb v 00 A (B usBAxG
80s €S 98y 0TS 90S S zES TS 60§ €S [0S 66 SOS pSS Z9S  eyS WS eSS /6% oS  96% 105 98% uado RS
€€ oLy 8EY 80V €Z¥  8Yy Oy €CY 09v Zvv €9€ TSt O6€ S9v Ob  Shv SE€v  8Ev 0Ty  SZb  O¥y 8Tk  98E  ZOW ) xopul
. . . . . . ) . ) . . . ! . . . . . ! . . . . i Aujeno Jorem

08y O6v €8v v 08 €8y Sy O6v Ty Zlh €6y 8§y S9p 06 S8y 8Ly O8v  LLv 99t LSt €Ly v9b €8 95t uado

ainseaN

b
1
@
S
S
=]
(%]
©
.2
c
=
o
T




The Condition of South Carolina’s Estuarine and Coastal Habitats During 2021-2022 Results & Discussion
|

Figure 3.1.4. Distribution of stations with good, fair, or poor scores for the Water Quality Index during the 2021-2022
(top) and 1999-2022 (bottom) periods for the northern region of South Carolina.

Technical Summary 14




Results & Discussion The Condition of South Carolina’s Estuarine and Coastal Habitats During 2021-2022
________________________________________________________________________________________________________________________________________________|

Figure 3.1.5. Distribution of stations with good, fair, or poor scores for the Water Quality Index during the 2021-2022
(top) and 1999-2022 (bottom) periods for the central region of South Carolina.

15 Technical Summary




The Condition of South Carolina’s Estuarine and Coastal Habitats During 2021-2022 Results & Discussion
|

Figure 3.1.6. Distribution of stations with good, fair, or poor scores for the Water Quality Index during the 2021-2022
(top) and 1999-2022 (bottom) periods for the southern region of South Carolina.
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When considering all years (1999-2022),
portions of the state with a relatively high
incidence of fair to poor water quality are
concentrated in Winyah Bay; Santee Delta
region; tidal creeks around Bulls Bay; Ashley
River; upper reaches of the Dawho, Ashepoo,
Combahee, and Broad Rivers; Jenkins Creek;
and upstream portions of the New River and
Wright River (Figures 3.1.4, 3.1.5, 3.1.6).

3.2. Sediment Quality

Sediment quality measurements remain an
essential component of our overall estuarine
habitat quality assessment. Benthic sediments
support invertebrate communities that form the
base of the food web for many other species
of concern; exchange nutrients and gases with
overlying water in support of overall estuarine
function; and serve as a sink for many con-
taminants which can accumulate over time,
providing an informative measure of long-term
exposure to contaminants in an area.

Although multiple sediment quality mea-
sures are collected by SCECAP, the three
metrics considered to be the most indicative
of sediment condition are 1) a combined
measure of 24 organic and inorganic contam-
inants that have published biological effects
thresholds (MERMg; Long and Morgan, 1990;
Long et al., 1995; 1997; Hyland et al., 1999;
2003), 2) a measure of sediment toxicity
based on the Microtox® bioassay that indi-
cates whether contaminants are present at
concentrations that have adverse biological
effects, and 3) Total Organic Carbon (TOC),
which can have adverse effects on bot-
tom-dwelling biota when elevated and serves
as a good predictor of benthic community
condition (Hyland et al., 2005).

During the 2021-2022 survey using the
SQl, 92% of South Carolina’s estuarine habitat
had sediment in good condition, 7% in fair
condition, and 1% in poor condition (Figure

17

3.21). The percentage of estuarine habitats
with good sediment quality has varied through-
out the course of the monitoring. After an initial
decline in the early years (2001-2004), with the
lowest levels reached in the 2003-2004 sur-
vey (75%), values have been generally trending
upwards. The 2021-2022 survey period tied
with 2015-2016 period for the highest pro-
portion of sediment in good condition to date
(Figure 3.2.2).

SQl was slightly lower at tidal creek stations
than at open water stations for the 2021-2022
survey period (Figure 3.2.3). Mean SQIl was al-
most identical between habitats in 2022 (0.02
difference), indicating that stations sampled in
2021 drove the pattern during this sampling
period (Table 3.2.1).

In 2021-2022, 5 of the 60 SCECAP sta-
tions scored as having fair and 1 having poor
SQl scores. In 2021, all open water sampling
stations had good sediment quality and 2
tidal creek sites were rated as fair. In 2022,
there were 2 open water sites rated as fair, 1
tidal creek rated as fair, and 1 tidal creek site
in poor condition (Figures 3.2.4, 3.2.5, 3.2.6;
Appendix 3). The station with poor sediment
quality (RT22011) was located off of the
Cooper River in Charleston County. This site
scored poor for TOC and fair for toxicity and
contaminants.

When all survey periods (1999-2022) are
considered collectively, areas with clusters
of poor to fair SQI scores were observed
in Winyah Bay; Santee Delta region; Cape
Romain and Bulls Bay area; Cooper River and
Charleston Harbor; North Edisto, Dawho, and
South Edisto Rivers; portions of the Combahee
River and its drainages; creeks north of Whale
Branch; and the New, Wright, and Savannah
Rivers (Figures 3.2.4, 3.2.5, 3.2.6).

Technical Summary




The Condition of South Carolina’s Estuarine and Coastal Habitats During 2021-2022 Results & Discussion
|

Figure 3.2.1. Percentage of the state’s estuarine habitat that scored as good, fair, or poor for the Sediment Quality
Index and the component parameters that comprise the index. Percentage is based on data obtained from 30 stations
for each habitat during 2021 and 2022.

Figure 3.2.2. Percent of coastal habitats corresponding to Figure 3.2.3. Sediment Quality Index scores observed by
each Sediment Quality Index category by survey period. survey period and habitat type.
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Figure 3.2.4. Distribution of stations with good, fair, or poor scores for the Sediment Quality Index during the 2021-
2022 (top) and 1999-2022 (bottom) periods for the northern region of South Carolina.
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Figure 3.2.5. Distribution of stations with good, fair, or poor scores for the Sediment Quality Index during the 2021-
2022 (top) and 1999-2022 (bottom) periods for the central region of South Carolina.
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Figure 3.2.6. Distribution of stations with good, fair, or poor scores for the Sediment Quality Index during the 2021-
2022 (top) and 1999-2022 (bottom) periods for the southern region of South Carolina.
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3.3. Biological Condition
3.3.1 Benthic Communities

Benthic macrofauna serve as ecologically
important components of the food web by con-
suming detritus, plankton, and smaller organ-
isms living in the sediments and in turn serve
as prey for fish, shrimp, and crabs. Benthic
macrofauna are also relatively sedentary,
and many species are sensitive to changing
environmental conditions. As a result, these
organisms are important biological indicators
of water and sediment quality and are useful in
monitoring programs to assess overall coastal
and estuarine health (Hyland et al., 1999; Van
Dolah et al., 1999). The BCI, which is used to
score estuarine habitat in terms of benthic
community quality, is based upon the Benthic
Index of Biotic Integrity for the Carolinian
Province (B-IBI; Van Dolah et al., 1999).

The Benthic Index of Biotic Integrity provides
a convenient, broad index of benthic community
condition; but because this index combines
four measures into a single value, it does not
provide detailed information on community
composition. Traditional community descriptors
such as total faunal density, number of species
(species richness [R]), species evenness (J'),
and species diversity (H’) can be lower in more
stressful environments. This is because fewer
and fewer species within a community can tol-
erate increasingly stressful conditions, such as
those caused by decreasing dissolved oxygen
or increasing sediment contamination. Using
published literature, species that are sensitive to
pollution can be identified to examine potential
patterns in estuarine contamination.

As in most previous surveys, mean B-IBI
values were higher in open water habitats than
in tidal creeks in 2021-2022 (Figure 3.3.1; Table
3.3.). The relatively lower B-IBI values often
seen in tidal creek habitats likely reflects the
more stressful conditions of shallow tidal creek

23

systems compared to tidal rivers and bays.
The Benthic Community Index (BCI), which

is used to score estuarine habitat in terms of
benthic community quality, simplifies the B-IBI
to a score of good, fair, or poor. During the
2021-2022 survey, using the BCI, 87% of the
estuarine habitat scored as good, 12% as fair,
and 2% as poor (Figure 3.3.2). The percentage
of the state’s estuarine habitat scoring as good
in 2021-2022 was lower than in more recent
survey periods but remained higher than the
survey-wide average (85.5%) (Figure 3.3.3).

As with the more traditional indices above,
open water habitats typically — although not
always — supported higher densities and
percentages of sensitive fauna than tidal creek
habitats (Table 3.3.1). Taxonomic groups such
as amphipods, mollusks, and polychaetes
occupy a diverse range of habitats, but their
abundances — relative to each other — vary
somewhat predictably with environmental
conditions. For example, polychaetes tend to
dominate the communities of shallow, muddy
tidal creek habitats whereas amphipods and
mollusks become increasingly more abundant
in sandier oceanic environments (Little, 2000).
An overall comparison between SCECAP ben-
thic communities in tidal creek and open water
habitats support these expected patterns, with
the densities and proportions of amphipods and
mollusks generally being higher in open water
habitats and the proportion of polychaetes
higher in tidal creek habitats (Table 3.3.1).

The geographic distribution of stations
with good, fair, or poor BCl scores during the
2021- 2022 survey period is shown in Figures
3.3.4, 3.3.5, 3.3.6 and Appendix 3. Only 3 of
the 60 stations sampled in 2021-2022 scored
as poor for the BCI and were all tidal creek
stations: one in Whale Branch in Beaufort
County (RT21251), one in the Wright River in
Jasper County (RT22006), and one in Yellow
House Creek in Berkeley County (RT22016).
Stations RT21251 and RT22006 had elevated
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sediment contaminants; but the latter also tidal creek stations scored fair on the BCI,
had elevated TOC and scored fair for DO compared to 3 of the 30 open water stations.
and pH. These factors likely contributed to

a stressful environment for benthic fauna. o .
Station RT22016 had elevated fecal coliform begn observed in Winyah Bay; Santee Deltg
region; creeks near the ICW by Cape Romain;

the upper Wando River; the Cooper and Ashley
Rivers; the Edisto and Dawho Rivers; Combahee
River drainages; creeks near Whale Branch and
upper Broad River; and the New, Wright, and
Savannah Rivers (Figures 3.3.4, 3.3.5, 3.3.6).

Historically, poor to fair BCl scores have

(which is more of a risk to human health than
habitat suitability); however, the sediment was
largely composed of sand (75%) which, in a
tidal creek habitat, may contribute to lack of
biological diversity (only 3 species found, 7
individuals total). In 2021-2022, 6 of the 30

Biological Condition: 2021-2022
2% 12%

[ ] Fair

Figure 3.3.1. Percentage of the state’s estuarine habitat that scored as good, fair, or poor for the Biological Condition
Index. Percentage is based on data obtained from 30 stations for each habitat during 2021 and 2022.
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Figure 3.3.2. Percent of coastal haitats corresponding to each Biological Condition Index category by survey period.

Figure 3.3.3. Benthic Index of Biological Integrity scores observed by survey period and habitat type.
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Figure 3.3.4. Distribution of stations with good, fair, or poor scores for the Biological Condition Index during the 2021-
2022 (top) and 1999-2022 (bottom) periods for the northern region of South Carolina.
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Figure 3.3.5. Distribution of stations with good, fair, or poor scores for the Biological Condition Index during the 2021-
2022 (top) and 1999-2022 (bottom) periods for the central region of South Carolina.
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Figure 3.3.6. Distribution of stations with good, fair, or poor scores for the Biological Condition Index during the 2021-
2022 (top) and 1999-2022 (bottom) periods for the southern region of South Carolina.
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3.3.2 Fish and Large Invertebrate Communities

South Carolina’s estuaries provide food,
habitat, and nursery grounds for diverse com-
munities including fish and large invertebrates
such as shrimp and blue crab (Joseph, 1973;
Mann, 1982; Nelson et al., 1991). These com-
munities include many important species that
contribute significantly to the state’s economy
and the well-being of its citizens. Estuaries
present naturally stressful conditions that limit
species’ abilities to use this habitat. The estua-
rine environment is highly dynamic, and added
human impacts - such as commercial and
recreational fishing, coastal urbanization, and
habitat destruction - can result in substantial
changes, leading to decreases in abundances
of important fish and invertebrate species.

Densities of fish (finfish, sharks, rays), deca-
pods (crabs, shrimp), and all fauna combined
(fish, squid, decapods, and horseshoe crabs)
were generally higher in tidal creek habitats
compared to open water habitats (Table 3.3.2).
This likely reflects the importance of shallower
creek habitats as refuge and nursery habitat
for many of these species. Both mean and
median summarization methods yielded similar

Figure 3.3.7. Mean overall trawl capture density (# indi-
viduals captured per hectare) observed by survey period
(and averaged over the full 1999-2022 survey period)
and habitat type.
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trends in overall trawl capture density over
time and by habitat (Figure 3.3.7, Figure 3.3.8).
Trawl capture densities of all fauna combined
in both tidal creek and open water habitats
started off at relatively high levels from 1999-
2006, underwent a sharp decline in 2007-
2008, and then ranged between low and medi-
um densities from 2009-2018. Catch densities
have been on the rise over the last two survey
periods, driven by high brown shrimp (Penaeus
aztecus) and white shrimp (P. setiferus) densi-
ties. The lowest overall densities in both open
water and tidal creek habitats were observed
in 2015, driven by low densities of fishes and
white shrimp (Table 3.3.2). The trawl capture
densities observed in 2021-2022 were well
above the survey average and similar to the
densities observed early in the program.

SCECAP provides a fishery-independent
assessment of several of South Carolina’s
commercially and recreationally important fish
and crustacean species. Of these, the most
common species collected by SCECAP include
the fishes spot (Leiostomus xanthurus), Atlantic
croaker (Micropogonias undulatus), and weak-
fish (Cynoscion regalis); and the crustaceans
white shrimp (Penaeus setiferus), brown

Figure 3.3.8. Median overall trawl density (# individuals
captured per hectare) observed by survey period (and
averaged over the full 1999-2022 survey period) and
habitat type.
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shrimp (Penaeus aztecus), and Atlantic blue
crab (Callinectes sapidus). Spot, white shrimp,
brown shrimp, and Atlantic blue crabs were
generally more abundant in tidal creek hab-
itats, whereas Atlantic croaker and weakfish
had higher mean densities in open water hab-
itats (Table 3.3.2). In a recent detailed analysis
of weakfish, spot, and Atlantic croaker catches,
Sanger et al. (2022) found evidence that
SCECAP captures of weakfish from 1999-2020
have remained consistent through time, while
spot shows decreasing trends in two different
metrics: the percent of stations where this
species was caught over time as well as their
abundance at the stations where they were
caught. In contrast, Atlantic croaker showed an
increase in the percentage of stations where
caught from 1999-2020 as well as generally
stable abundances at stations where caught
(Sanger et al. 2022).

3.4. Incidence of Litter

As the coastline of South Carolina changes
and more people access our shorelines and
waterways, the incidence of litter (plastic bags
and bottles, abandoned crab traps, etc.) is
likely to increase. The primary sources of litter
include storm drains, roadways, and recre-
ational and commercial activities on or near
our waterways. Beyond the visual impact, litter
contributes to the mortality of wildlife through
entanglement, primarily with fishing line and
fishing nets, and through ingestion of plastic
bags and other small debris particles. Some
litter will also break down to microplastics
which are of increasing concern and impact.
Additionally, invasive species may be spread
through the movement of litter from one area
to another (Kiessling et al. 2015).

During the 2021-2022 survey period, litter
was visible in 27% of our state’s estuarine
habitat and was present at the same propor-
tion of stations in both tidal creek and open
water habitats. Visible litter hit its highest level

Technical Summary

at SCECAP stations (34%) in 2007-2008, its
second highest level (27%) was observed in
the present survey period of 2021-2022, which
was closely followed by 26% in the 2017- 2018
survey period. For all other survey periods, the
percentage of estuarine habitat with visible
litter was less than 20%.

3.5. Overall Habitat Quality

Using the HQI for the 2021-2022 assess-
ment period, 90% of South Carolina’s coastal
estuarine habitat (tidal creek and open water
habitats combined) was in good condition, 9%
of the state’s estuarine habitat was in fair con-
dition, and 1% in poor condition (Figure 3.5.1).
The poor scoring site (RT22011) scored poor to
fair across all indices due to elevated values of
chlorophyl-a, fecal coliform bacteria, sediment
TOC, toxicity, and contaminants; and low values
of DO. This site is located upstream of the
Charleston Port- a highly industrialized area-
and adjacent to several dredge spoil islands.

The percent of coastal habitat in good con-
dition has fluctuated over time; the survey peri-
od with the lowest percent of habitat with good
HQI was in 2003-2004 (77%), and the highest
periods were in 2007-2008 and 2011-2012 (92-
93%,; Figure 3.5.2). When the two habitats were
considered separately, a greater percentage
of tidal creek habitat during the 2021-2022
survey was in fair to poor condition (23% fair,
3% poor) as compared to open water habitats
(7% fair, 0% poor; Appendix 2). This difference
between habitat quality in tidal creek and open
water habitats observed in 2021-2022 is con-
sistent with previous SCECAP surveys (Figure
3.5.3). During the 2021-2022 survey period, 9
of the 60 stations were observed to have fair
habitat quality, and 7 of those 9 stations were
tidal creek stations. Geographically, SCECAP
stations with fair habitat quality ranged from
Winyah Bay down to the New River (Figures
3.5.4,3.5.5, 3.5.6; Appendix 3).
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Figure 3.5.1. Percentage of the state’s estuarine habitat that scored as good, fair, or poor for the Habitat Quality Index
and the component indices that comprise the index. Percentage is based on data obtained from 30 stations for each
habitat during 2021 and 2022.

Figure 3.5.2. Percent of coastal habitats corresponding Figure 3.5.3. Habitat Quality Index scores observed by
to each Habitat Quality Index category by survey period. survey period and habitat type.
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Figure 3.5.4. Distribution of stations with good, fair, or poor scores for the Habitat Quality Index during the 2021-2022
(top) and 1999-2022 (bottom) periods for the northern region of South Carolina.
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Figure 3.5.5. Distribution of stations with good, fair, or poor scores for the Habitat Quality Index during the 2021-2022
(top) and 1999-2022 (bottom) periods for the central region of South Carolina.
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Figure 3.5.6. Distribution of stations with good, fair, or poor scores for the Habitat Quality Index during the 2021-2022
(top) and 1999-2022 (bottom) periods for the southern region of South Carolina.
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Stations in Winyah Bay; Santee Delta
region; Cooper and Ashley Rivers; Dawho
River region; Combahee River drainages;
inland drainages of the Broad River; and New,
Wright, and Savannah Rivers historically show
a persistent pattern of degraded habitat qual-
ity (Figures 3.5.4, 3.5.5, 3.5.6). Winyah Bay,
Charleston Harbor, and the Savannah River
area all have a history of industrial activity and/
or high-density urban development that likely
contributed to the degraded conditions in
these areas. It is unclear what factors are con-
tributing to the degraded habitat quality in the
Santee Delta, areas draining into St. Helena
Sound (home to the Ashepoo-Combahee-
Edisto Basin National Estuarine Research
Reserve), and in the headwaters of the Port
Royal Sound.

3.6. Program Uses and Activities

SCECAP continues to be an effective
collaboration between the SCDNR, SCDES,
and NOAA to assess the condition of South
Carolina’s coastal environment. The results of
these assessments have been used extensively
in research, outreach, and planning by staff from
these and other institutions and organizations.
One recent example leveraged the SCECAP
sampling framework to study microplastics in
South Carolina estuaries (Tierney 2023).

Recent research and increasing public
awareness have raised many questions related
to the prevalence of microplastics in coastal
habitats and biota. A total of 131 estuarine
sediment samples were collected between
2019 and 2022 and analyzed for microplastic
concentration and type using a density sepa-
ration method and examined using microscopy
(Kell 2020). Ten percent of plastic particles
were also analyzed using micro-raman spec-
troscopy (Beckingham et al., 2023). All but
one sediment sample were found to contain
microplastics at an average concentration of
182 microplastics per kilogram dry sediment.
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Particles identified included fragments, fibers,
films, foams, tire and road wear particles, and
microbeads. Polymer analysis revealed that the
dominant polymer types were polypropylene,
polyester, and polyethylene terephthalate
(collectively PET), comprising 63% of particles
tested. Tidal creek habitats contained signifi-
cantly greater concentrations than open water
sites. One hypothesis for this difference is that
tidal creek habitats generally contain finer
substrates indicative of lower current velocities
that are conducive to the settling of particles
such as microplastics. No relationship was
found between coastal development density
in the watersheds surrounding sampling sites,
suggesting that microplastics are widespread
and easily transported.

SCDNR staff collaborated with the Port
Royal Sound Foundation to conduct a syn-
thesis of the 1999-2020 SCECAP data for the
Port Royal Sound watershed. During this time,
SCECAP sampled 123 tidal creek and 156 open
water stations which provides enough samples
to conduct a statistically defensible assess-
ment of condition of the Port Royal Sound
coastal waters within two 11-year time frames.
The majority of Port Royal Sound’s large tidal
creeks and open waters, based on SCECAP
data, was classified as good or healthy estua-
rine habitat. Environmental quality was higher
in the Sound compared to summaries of the
entire SC coastal area. Similar to findings from
the coast-wide summaries, tidal creeks in the
Sound were observed to be more stressful
habitats compared to open water areas. There
were a few open water and several tidal
creek sites with impairments in the quality
of the water, sediment, or biological condi-
tion resulting in some sites having impaired
habitat quality. In addition, there were some
indications of decreasing quality from the first
eleven-year period (1999-2009) compared to
the second eleven-year period (2010-2020)
resulting in more sites having more impaired
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environmental quality. Although the existing
SCECAP dataset in Port Royal Sound cannot
be used to directly assess if coastal develop-
ment in the Sound’s watershed is related to
estuarine quality due to the lack of sufficient
data in the sub-watersheds experiencing
growth; other studies have shown linkages
between sub-watershed scale stressors (e.g.,
population, impervious cover) and the physical,
chemical, and biological changes in small tidal
creeks. The combined assessment of land-
scape alterations and monitoring for potential
changes in environmental quality is a critical
component in understanding potential impacts
of growth on the Port Royal Sound region. This
is the first time SCECAP data have been used
at a watershed scale and this may be a useful
approach for future analyses.

In addition, SCECAP data have been
requested by a number of entities. The U.S.
Army Corps of Engineers has requested data
several times over the years including for
the ongoing Charleston Peninsula Coastal
Storm Risk Management Study. Florida A&M
University has used SCECAP benthic data for
a genetic diversity study. Clemson Extension
has conducted a watershed-based planning
effort for Edisto Island for which SCECAP water
quality provided needed baseline information.
On an ongoing basis, SCDNR staff mine the
SCECAP database for updated fishery-in-
dependent information regarding the status
of various crustacean species as part of the
Marine Resources Division’s annual assess-
ment of stocks. In 2021, SCDNR’s Heritage
Trust Program requested data on a brackish
water crustacean to improve understanding
of its range and preferred habitat. SCECAP
data have also been used in combination with
data from similar sampling efforts by NOAA to
compare habitat quality in National Estuarine
Research Reserves throughout the southeast-
ern U.S. (Balthis et al. the 2015).
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Finally, the SCECAP database provides
complementary data on the distribution and
relative abundance of key recreational spe-
cies (e.g., spot, Atlantic croaker, weakfish)
using unbiased sampling at a broad array of
stations representing tidal creek and open
water estuarine habitats. These data comple-
ment information obtained from other SCDNR
programs (e.g., inshore recreational finfish
program, SEAMAP), by sampling in areas those
programs do not target, by monitoring young-
of-year abundances for multiple recreationally
important finfish species (a life stage not tar-
geted by other fisheries monitoring programs),
and by collecting a wealth of environmental
data that can be used to relate stock condition
to the health of estuarine systems. Weakfish,
Atlantic croaker, and spot abundance data from
SCECAP are reported to the Atlantic States
Marine Fisheries Commission (ASMFC).

The SCECAP program has developed and
maintained high quality field and laboratory
methods for the study of coastal ecosystems.
These methods have been utilized in other
SCDNR projects related to coastal develop-
ment and climate change impacts.

The program maintains sampling at a min-
imum of 30 stations each year to provide for
a total of 60 stations (30 tidal creek, 30 open
water) for each two-year assessment period.
This is considered to be the minimum effort
required to make statistically defensible as-
sessments of condition for the coastal waters
of our state. Continuing this program on a long-
term basis will provide valuable information on
trends in estuarine condition that are likely to
be affected by continued coastal development.
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The Condition of South Carolina’s Estuarine and Coastal Habitats During 2021-2022 Appendix 1

APPENDIX 1

Summary of station locations and dates sampled in 2021 through 2022. Open water stations have
the prefix “RO” and tidal creek stations have the prefix “RT”.
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Appendix 2 The Condition of South Carolina’s Estuarine and Coastal Habitats During 2021-2022

APPENDIX 2

Summary of the criteria and amount of open water and tidal creek habitat scoring as good, fair or
poor for each SCECAP parameter and index for 2021 through 2022.
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Appendix 3 The Condition of South Carolina’s Estuarine and Coastal Habitats During 2021-2022

APPENDIX 3

Summary of the Water Quality, Sediment Quality, Biological Condition, and Habitat Quality Index
scores and their component measure scores by station for 2021 through 2022. Open water
stations have the prefix “RO” and tidal creek stations have the prefix “RT”. Green represents good
condition, yellow represents fair condition, red represents poor condition, and no color indicates
missing or unavailable data. The actual Habitat Quality Index score is shown to allow the reader to
see where the values fall within the above general coding criteria. See text for further details on
the ranges of values representing good, fair, and poor for each measure and index score.
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