The Condition of South
Carolina’s Estuarine and
Coastal Habitats During
2001-2002
an
Interagency Assessment of
South Carolina’s Coastal Zone

Technical Report No. 100

��

��

�

��
��

��

������

�

�

�

��

�

�������

�����

� ��������
��
��

���

�

��

��

��

�

�

� ��

�������� ��
�

���

��

�����������������������������������
�������������������������

��

��

������� ������� � � � � � � �

�

��
��

�

�

�

������

�

��

�

���

�
�� �� �

�

�

The Condition of South Carolina’s Estuarine and Coastal
Habitats During 2001-2002
Technical Report
Prepared by:
R.F. Van Dolah, P.C. Jutte, G.H.M. Riekerk,
M.V. Levisen, S.Crowe and A. Lewitus
Marine Resources Division
South Carolina Department of Natural Resources
P.O. Box 12559
Charleston, SC 29412
D.E. Chestnut, W. McDermott
Bureau of Water
South Carolina Department of Health and Environmental Control
2600 Bull Street
Columbia, SC 29201
D. Bearden, M.H. Fulton
Center for Coastal Environmental Health and Biomolecular Research
NOAA NOS CCEHBR Laboratory
219 Ft. Johnson Rd
Charleston, SC

Technical Report No. 100
2004

The Condition of South Carolina’s Estuarine and Coastal Habitats During 2001-2002

Table of Contents

Table of Contents
1. INTRODUCTION ................................................................................................................................................. 1
2. METHODS........................................................................................................................................................... 1
2.1. Sampling Design.................................................................................................................................... 1
2.2. Water Quality Measurements................................................................................................................. 2
2.3. Biological and Sediment Sampling ........................................................................................................ 2
2.4. Habitat Evaluation.................................................................................................................................. 4
2.5. Quality Assurance .................................................................................................................................. 4
2.6. Data Analyses ........................................................................................................................................ 4
3. RESULTS AND DISCUSSION ............................................................................................................................ 4
3.1. Station Array .......................................................................................................................................... 4
3.2. Water Quality ......................................................................................................................................... 5
Temperature ......................................................................................................................................... 7
Salinity ................................................................................................................................................. 8
Dissolved Oxygen ................................................................................................................................ 9
pH ...................................................................................................................................................... 10
Nutrients............................................................................................................................................. 12
Chlorophyll-a ...................................................................................................................................... 15
Biochemical Oxygen Demand ........................................................................................................... 18
Total Organic Carbon ........................................................................................................................ 19
Fecal Coliform Bacteria...................................................................................................................... 20
Turbidity ............................................................................................................................................ 21
Alkalinity ............................................................................................................................................. 21
Integrated Water Quality Measure ..................................................................................................... 21
3.3 Sediment Quality................................................................................................................................... 24
Sediment Composition....................................................................................................................... 24
TOC.................................................................................................................................................... 25
TAN .................................................................................................................................................... 26
Contaminants..................................................................................................................................... 27
Toxicity ............................................................................................................................................... 28
Integrated Assessment of Sediment Quality ...................................................................................... 28
3.4 Biological Condition .............................................................................................................................. 31
Phytoplankton .................................................................................................................................... 31
Benthic Communities ......................................................................................................................... 33
Finfish and Crustacean Communities ................................................................................................ 39
Contaminant Levels in Fish Tissue .................................................................................................... 44
4.5 Incidence of Litter.................................................................................................................................. 45
4.6 Integrated Measures of South Carolina’s Estuarine Habitat Quality .................................................... 45
3.7 Non-random Stations ............................................................................................................................ 49
3.8 Summary .............................................................................................................................................. 51
ACKNOWLEDGEMENTS...................................................................................................................................... 52
LITERATURE CITED............................................................................................................................................. 53
APPENDIX ........................................................................................................................................................... 59

Technical Summary Report

iii

Introduction

The Condition of South Carolina’s Estuarine and Coastal Habitats During 2001-2002

1. INTRODUCTION
The South Carolina Estuarine and Coastal
Assessment Program (SCECAP) was initiated in
1999 as a collaborative program between the South
Carolina Department of Natural Resources (SCDNR)
and the South Carolina Department of Health and
Environmental Control (SCDHEC). The goal of
SCECAP is to monitor the condition of the state’s
estuarine habitats to determine the proportion of
the coastal zone that meets desired criteria with
respect to water quality, sediment quality, and
biotic condition. SCECAP represents an expansion
of SCDHEC’s “Ambient Surface Water Quality
Monitoring Network” by (1) increasing the number
of sites monitored in the coastal zone each year, (2)
adding more environmental and biological measures
than are normally collected in SCDHEC’s monitoring
network, and (3) adding monitoring sites in tidal
creek habitats, which serve as important nursery
habitat for most of the economically valuable species.
Many of these tidal creeks are the first point of entry
for runoff from upland areas and therefore provide an
early indication of anthropogenic stress (Holland et
al., 1997; Sanger et al., 1999a, b; Lerberg et al., 2000;
Van Dolah et al., 2000, 2002).
Development of the SCECAP monitoring
network is described by Van Dolah et al. (2002) and
includes other agencies as part of the cooperative
effort. The primary federal cooperators are the
U.S. Environmental Protection Agency (USEPA),
which has provided much of the funding for this
program through the National Coastal Assessment
Program, and the National Atmospheric and
Oceanic Administration (NOAA) Center for Coastal
Environmental Health and Biomolecular Research
(CCEHBR) which provided technical analytical
services related to sediment and tissue contaminants
and their effects on biota. The U.S. Fish and Wildlife
Service (USFWS) also provided some funding
support through their “Federal Aid in Sport Fish
Restoration Program.”
This technical report is the second of a series
planned to provide periodic updated information on
the condition of South Carolina’s estuarine habitats.
The report describes our findings from the 2001-2002
sampling period and compares conditions observed
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in those years with conditions observed in the 19992000 survey (Van Dolah et al., 2002). The report also
includes newly modified indices of habitat condition
at each site and for the estuarine and coastal waters
of the whole state. As a result, changes in overall
coastal condition over the four-year period of this
program have been re-evaluated in this report using
these new indices.

2. METHODS
The sampling and analytical methods used for
SCECAP are fully described in the first SCECAP
report covering the 1999-2000 survey (Van Dolah
et. al., 2002). This report and associated data can be
viewed and downloaded from the SCDNR’s SCECAP
web site (http://www.dnr.state.sc.us/marine/
scecap/). Descriptions of the SCECAP sampling
design, parameters sampled, and general analytical
approach are summarized in the following sections.
In general, this program utilizes methods consistent
with SCDHEC’s water quality monitoring programs
(SCDHEC, 2001a) and the USEPA’s National Coastal
Assessment Program.
2.1. Sampling Design
Approximately 60 stations were selected for
sampling each year, with all sites located in the
coastal zone extending from the saltwater-freshwater
interface to near the mouth of each estuarine drainage
basin. Sampling areas extended from the Little River
Inlet at the South Carolina - North Carolina border to
the Wright River near the South Carolina - Georgia
border. The Savannah River has not been sampled by
SCECAP to date, but this river is being sampled by
the Georgia Coastal Resources Division as part of the
USEPA National Coastal Assessment Program.
Approximately half of the stations were located
in tidal creeks and the other half were located in the
larger open water bodies that form South Carolina’s
tidal rivers, bays and sounds. Tidal creeks are defined
as those estuarine water bodies less than 100 m wide
from marsh bank to marsh bank. Portions of the
state’s coastal waters that are too shallow to sample
at low tide were excluded from the station selection
process, such as the headwater portions of tidal creeks
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with less than 1 m of water at low tide, and intertidal
areas such as mud flats and vegetated salt marsh. All
stations had to have a minimum water depth of 1 m
since some sampling components required visits that
cannot be limited by tidal stage, and other sampling
components are limited to periods within three hours
of low tide. Based on the coastal maps developed
for SCECAP to define the boundaries of tidal creeks
and open water habitats suitable for sampling by this
program, approximately 17% of the state’s estuarine
waters represent creek habitat, and the remaining
83% represents the larger open water areas.

not affect these measures. Near-surface (0.3 m depth)
and near-bottom (0.3 m above bottom) instantaneous
measurements of dissolved oxygen, salinity, and
temperature were collected using Yellow Springs
Instrument (YSI) Inc. Model 85 water quality meters.
Near-surface measures of pH were collected using a
pHep® 3 field microprocessor meter. More complete
time-profile measurements of all four parameters
were obtained from the near-bottom waters of each
site using YSI Model 6920 multiprobes logging at
15 min intervals for a minimum of 25 hrs to record
readings over two complete tidal cycles.

Stations within each habitat type were selected
using a probability-based, random tessellation,
stratified sampling design (Stevens, 1997; Stevens
and Olsen, 1999), with new station locations picked
each year. Actual sampling locations were recorded
using a Global Positioning System (GPS).

Water quality samples included near-surface
measures of nitrogen, including ammonia, nitrate/
nitrite and total Kjedahl nitrogen (TKN), total
phosphorus, total organic carbon (TOC), total
suspended solids, turbidity, five-day biochemical
oxygen demand (BOD5), chlorophyll-a, and fecal
coliform concentrations. Near-surface measures of
dissolved nutrients were also collected, including
ammonia, inorganic nitrogen (DIN), organic nitrogen
(DON), inorganic phosphorus (orthophosphate or
OP), organic phosphorous (DOP), and silica (DS).
All samples were collected by inserting pre-cleaned
water bottles to a depth of 0.3 m depth inverted and
then filling the bottle directly at that depth. Dissolved
nutrient samples were filtered in the field through a
0.45 μm pore cellulose acetate filter. The bottles
were then stored on ice until brought to the laboratory
for further processing. Total nutrients, TOC, total
alkalinity, TSS, turbidity, BOD5, chlorophyll-a and
fecal coliform bacteria samples were processed by
SCDHEC using standardized procedures (SCDHEC,
1997, 1998b, 2000). Dissolved nutrients were
processed through the University of South Carolina
using a Technicon AutoAnalyzer and standardized
procedures described by Lewitus et al. (2003, 2004).
DON and DOP were calculated by subtracting total
inorganic from total dissolved N or P, measured by
the persulfate oxidation technique (D’Elia et al.,
1977).

All stations were sampled once during the
summer months (mid June through August) for the
core-monitoring program described in this report.
The summer period was selected since it represents
a period when some water quality variables may be
limiting to biota and it is a period when many of the
fish and crustacean species of concern are utilizing
the estuary for nursery habitat. Most of the measures
were collected within a 2-3 hr time period; however,
some of the water quality data include time-series
measures collected over a longer time period (up to
25 hrs). Approximately 30 of the sites selected for
each year (15 tidal creek and 15 open water) were
sampled monthly by SCDHEC for most water quality
measures (except dissolved nutrients and TSS) to
collect a full 12 months of data for each site. The
results of that sampling effort will be provided in
another report.
A limited number of sites were also selected nonrandomly for sampling during 2001-2002. These
sites were generally located in areas suspected to be
impacted by land-use activities.

2.3. Biological and Sediment Sampling
2.2. Water Quality Measurements
Water quality measurements and samples were
generally collected prior to deployment of other
sampling gear to ensure that bottom disturbance did
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Bottom sediment samples were collected at
each station using a stainless steel 0.04 m2 Young
grab deployed from an anchored boat, with the boat
repositioned between each sample to ensure that the
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same bottom was not sampled twice, and to spread
the samples over a 10-20 m2 bottom area. The grab
was thoroughly cleaned prior to field sampling and
rinsed with isopropyl alcohol between stations.
Three of the grab samples were washed through a 0.5
mm sieve to collect the benthic invertebrate fauna and
then preserved in a 10% buffered formalin-seawater
solution containing rose bengal stain. The surficial
sediments (upper 3 cm) of the remaining grab
samples were homogenized on site and placed in precleaned bottles for analysis of sediment composition,
contaminants, and sediment toxicity. All sediment
samples were kept on ice while in the field, and then
stored either at 4oC (toxicity, porewater) or frozen
(contaminants, sediment composition, TOC) until
analyzed.

sediments were considered toxic if survival was <
80% of that observed in control sediments and the
difference was statistically significant (p < 0.05).

Particle size analyses were performed using a
modification of the pipette method described by
Plumb (1981). Pore water ammonia was measured
using a Hach Model 700 colorimeter and TOC was
measured on a Perkin Elmer Model 2400 CHNS
Analyzer.

Fish and large crustaceans (primarily penaeid
shrimp and blue crabs) were collected at each
site following the benthic sampling to evaluate
community composition. Two replicate tows were
made at each site using a 4-seam trawl (18 ft foot
rope, 15 ft head rope and 3⁄4 in. bar mesh throughout).
Trawl tow lengths were standardized to 0.5 km for
open-water sites and 0.25 km for creek sites. Tows
were made only during daylight hours with the
current, and boat speed was standardized as much
as possible. Tows made in tidal creeks were limited
to periods when the marsh was not flooded (approx.
3 hrs + mean low water). This limitation was also
generally applied to open water sites. Catches were
sorted to lowest practical taxonomic level, counted,
and checked for gross pathologies, deformities or
external parasites. All organisms were measured
to the nearest centimeter. When more than 25
individuals of a species were collected, the species
was sub-sampled. Mean abundance and biomass of
finfish and crustaceans were corrected for the total
area swept by the two trawls, using the formula
described by Krebs (1972).

Contaminants measured in the sediments included
15 metals, 25 polycyclic aromatic hydrocarbons
(PAHs), 30 polychlorinated biphenyls (PCBs), and
23 pesticides. All contaminants were analyzed by
the NOAA-NOS Center for Coastal Environmental
Health and Biomolecular Research (CCEHBR) using
procedures similar to those described by Krahn et al.
(1988), Fortner et al. (1996), Kucklick et al. (1997),
and Long et al. (1997).
Sediment toxicity was measured using three
bioassays. They included the Microtox® assay using
a photoluminescent bacterium, Vibrio fischeri, and
protocols described by the Microbics Corporation
(1992); a 7-day juvenile clam growth assay using
Mercenaria mercenaria and protocols described by
Ringwood and Keppler (1998); and 10-day whole
sediment amphipod assay using Ampelisca abdita
and protocols described by ASTM (1993). Toxicity
in the Microtox assay was based on criteria described
by Ringwood et al. (1997, criterion #6). For the clam
assay, sediments were considered toxic if growth
(dry weight) was < 80% of that observed in control
sediments and there was a statistically significant
difference (p < 0.05). For the amphipod assay,
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Two of the three grab samples collected to assess
benthic samples were sorted in the laboratory to
separate organisms from the sediment remaining in
the sample for analysis of the invertebrate community
composition. The remaining grab sample was held
in reserve. All organisms from the two grabs were
identified to the species level, or the lowest practical
taxonomic level possible if the specimen was
damaged or too immature for accurate identification.
A reference collection of all benthic species collected
for this program is being maintained at the SCDNR
Marine Resources Research Institute.

Fish tissue samples were obtained for contaminant
analyses. Species targeted included silver perch
(Bairdiella chrysoura), spot (Leiostomus xanthurus),
Atlantic croaker (Micropogonius undulatus), and
weakfish (Cynoscion regalis). All fish samples
were wrapped in foil and stored on ice in plastic
bags until they could be frozen in the laboratory.
Sample analyses included the entire fish, which were
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rinsed and then homogenized in a stainless blender.
Extraction and analytical procedures were similar to
those described for sediments.
2.4. Habitat Evaluation
Observations were made at each site prior to
departure to document the presence of litter (within
the limits of the trawled area), and to note the
proximity of the site to urban/suburban development,
industrial development, or marinas/private docks.
2.5. Quality Assurance
The SCECAP program includes a rigorous
quality assurance and quality control program to
ensure that the database is of high quality. A copy of
the Quality Assurance Project Plan is maintained at
the SCDNR Marine Resources Research Institute and
has been approved by the USEPA National Coastal
Assessment Program.
2.6. Data Analyses
Comparisons of most water quality, sediment
quality and biological measures were completed
using standard parametric tests or non-parametric
tests where the values could not be transformed to
meet parametric test assumptions. Only the randomly
located stations (station number designated as RT or
RO) were included in these analyses. Since our
primary comparisons were between tidal creek and
open water habitats, a t-test or non-parametric MannWhitney U test was typically used. Comparisons
involving more than two station groups or multiple
years were generally completed using ANOVA or
Kruskal-Wallis non-parametric tests when data could
not be adequately transformed.
Use of the probability-based sampling design
provides an opportunity to statistically estimate,
with confidence limits, the proportion of South
Carolina’s overall creek and open water habitat
that falls within ranges of values that were selected
based either on (1) state water quality criteria, (2)
historical measurements collected by SCDHEC from
1993-1997 in the state’s larger open water bodies
(SCDHEC, 1998a), or (3) other thresholds indicative
of stress based on sediment chemistry or biological
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condition (Hyland et al., 1999; Van Dolah et al.,
1999). These estimates are obtained through analysis
of the cumulative distribution function (CDF) using
procedures described by Diaz-Ramos et al. (1996).
Only the randomly located stations (RT, RO) were
included in these analyses. Two special study sites
(RT022282, RO026290) were also excluded from the
analysis of state-wide condition.

3. RESULTS AND DISCUSSION
Data obtained from the 2001 – 2002 survey
are summarized in the following sections. More
extensive data summaries are also available on the
SCECAP web site (www.dnr.state.sc.us/marine/
scecap/) and are referenced in this report as “data
online.”
3.1. Station Array
Samples were successfully collected from 60
sites in 2001 and 64 sites in 2002. Sixty of the sites
were tidal creeks (station designation of RT or NT)
and 64 sites were in larger open water bodies (station
designation of RO or NO). Specific site locations and
sampling dates are provided Figures 3.1.1 - 3.1.4 and
Appendix 1. Five of the sites sampled in 2001 and
two of the sites sampled in 2002 were not randomly
located stations using the probability-based sampling
design. Most of these stations (designated as NT or
NO) were selected to target areas that were likely
to be degraded. Therefore, comparisons of average
conditions among habitats or between surveys (99-00
vs 01-02) do not include these sites. Two additional
special area study sites sampled in 2002 (RT022282,
RO026290) are included in the habitat and survey
period comparisons since they are random,
probability-based sites, but they are not included in
our state-wide assessments using the CDF analyses.
The CDF analyses used a total of 55 tidal creeks and
60 open water sites
The average depth of the open water sites sampled
during the two-year period was 5.1 m and ranged
from approximately 1 – 17.6 m (Appendix 1 and data
online). Average depth of the tidal creek sites was 2.9
m and ranged from approximately 1 to 6.7 m.
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Figure 3.1.1.

Results and Discussion

Distribution of open water and tidal creek stations sampled throughout South Carolina’s coastal zone during 2001
– 2002.

3.2. Water Quality
Although instantaneous measures of basic water
quality variables (temperature, salinity, dissolved
oxygen, pH) were obtained during the primary
visit to each site, the continuous measures of these
parameters from the 25-hr instrument deployments
provide the most comprehensive information because
they include numerous measures during both day
and night over two complete tidal cycles. Therefore,
these data are used as the primary data set in our
analyses of these four water quality parameters. The
other measures of water quality (total and dissolved
nutrients, BOD, TSS, turbidity, TOC, total alkalinity,
chlorophyll-a, and fecal coliform bacteria obtained at
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each site represent instantaneous measures collected
during the primary site visit.
The SCDHEC has developed State regulations
61-68 and 61-69 to protect the water quality of the
state (SCDHEC, 2001b). The water quality standards
include numeric and narrative criteria that are used
for setting permit limits on discharges to waters of the
state, with the intent of maintaining and improving
surface waters “to a level to provide for the survival
and propagation of a balanced indigenous aquatic
community of flora and fauna and to provide for
recreation in and on the water.” Occasional shortterm departures from these conditions will not
automatically result in adverse effects to the biological
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Figure 3.1.2.

The Condition of South Carolina’s Estuarine and Coastal Habitats During 2001-2002

Distribution of open water and tidal creek stations sampled in the northern portion of the state during 2001

community. The standards also recognize that
deviations from these criteria may occur due solely
to natural conditions and that the aquatic community
is adapted to such conditions. In such circumstances,
the variations do not represent standards violations,
and critical conditions of the natural situation, e.g.
low flow, high temperature, minimum dissolved
oxygen, etc., are used as the basis of permit limits.
All data collected by SCECAP from field
observations and water samples are related to water
quality standards for the state’s saltwater regions
(SCDHEC, 2001b) where possible.
Because
SCECAP samples are limited to a summer index
period and generally do not include multiple samples
over time, the data are not appropriate for use in

6

USEPA 303(d) or 305(b) reporting requirements.
Additionally, there are no USEPA or state water
quality standards for many of the parameters
measured in this program. For those measures,
values are compared to data compiled for a 5-year
period (1993-1997) by the SCDHEC Bureau of Water
in their routine statewide Fixed Ambient Surface
Water Monitoring Network (SCDHEC, 1998a). For
this report, values exceeding the 75th percentile of
all values measured (> method detection limit) in
the state’s saltwater habitats indicate evidence of
elevated concentrations and values exceeding the
90th percentile of all saltwater measures indicate high
concentrations. The SCDHEC historical database on
water quality was primarily obtained from larger open
water bodies. Therefore, caution should be used in
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Figure 3.1.3.

Results and Discussion

Distribution of open water and tidal creek stations sampled in the central portion of the state during 2001

interpreting data obtained from tidal creek sites since
high or low values observed for some parameters
may represent “normal” conditions. For some water
quality variables, such as dissolved nutrients and
chlorophyll-a, criteria or guidelines published in
other reports are used for comparison of conditions
(e.g. Bricker et al., 1999; USEPA, in review) since no
appropriate SCDHEC data were available.
Temperature
Temperature data are primarily collected to relate
with other water quality variables that are affected by
this parameter. The average bottom water temperature
based on the continuous 25-hr data collected at each
site was 29.3 oC for both the tidal creek and open
water sites. This average was very comparable to the
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average temperatures observed in each habitat during
the 1999-2000 survey. The range of mean bottom
temperatures during 2001-2002 was 26.0 to 31.8 oC
among the tidal creek sites and 26.4 to 31.1 oC among
the open water sites (data online). The slightly
greater variation in average bottom water temperature
observed in the tidal creek habitats compared to the
open water sites reflects the effects of solar heating on
these shallow water sites. The instantaneous surface
and bottom temperatures showed similar ranges and
differences between habitats. The average difference
between surface and bottom temperatures measured in
either habitat type was < 0.2 oC during both sampling
years. Fauna inhabiting South Carolina estuaries
are generally well adapted to the temperature ranges
observed in this program.
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Figure 3.1.4.

The Condition of South Carolina’s Estuarine and Coastal Habitats During 2001-2002

Distribution of open water and tidal creek stations sampled in the southern portion of the state in 2001 – 2002.

Salinity
Salinity influences the distribution and diversity
of many invertebrate and fish species. Changes
in salinity at a site can also provide a measure of
stressful conditions if there is a large variation in
concentrations over short time periods. The average
bottom salinity of all tidal creek sites sampled during
the 2001 – 2002 survey was 30.6 ppt and ranged from
9.5 to 37.4 ppt (data online). The average bottom
salinity among the open water sites was 29.5 ppt and
ranged from 10.0 to 38.1 ppt. The salinities observed
during this survey period were slightly greater than
those observed in 1999 – 2000 (Van Dolah et al.,
2002), with 73% of the creek habitat and 63% of
the open water habitat having an average bottom
salinity of > 30 ppt. This represents near full-strength
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seawater and reflects the effects of severe drought
conditions that persisted throughout this sampling
period. There was no significant difference between
bottom salinities observed at the creek versus open
water sites (p = 0.06).
As with temperature, the mean difference
between the instantaneous surface and bottom
salinities was relatively small (< 0.5 ppt for the tidal
creeks and < 1.2 ppt for the open water sites) within
each year (data online). Salinity ranges observed at
each site were also generally less than 15 ppt, except
at four open water and five tidal creek sites. Two
of those sites (RO01108 and RO01130) had greater
than a 20 ppt change in salinity, which may represent
stressful conditions (Holland et al., 2004). Until
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Figure 3.2.1.

Results and Discussion

Comparison of the average bottom salinity concentrations observed in tidal creek and open water habitats during
2001-2002, and estimates of the percent of the state’s coastal habitat that represented various salinity ranges
based the average of bottom measurements obtained over 25-hrs at each station.

additional data are available, no criteria have been
established by the SCECAP program to identify
stressful conditions using salinity.
Dissolved Oxygen
Dissolved oxygen (DO) is one of the most
critical water quality parameters measured in this
program. Low dissolved oxygen conditions can
limit the distribution or survival of most estuarine
biota, especially if these conditions persist for
extended time periods (see Diaz and Rosenberg,
1995; USEPA, 2001 for reviews). Dissolved oxygen
criteria established by the SCDHEC for “Shellfish
Harvesting Waters” (SFH) and Class SA saltwaters
are a daily average not less than 5.0 mg/L and a low of
4.0 mg/L (SCDHEC, 2001b). Class SB waters should
have dissolved oxygen levels not less than 4.0 mg/L.
Since the SCECAP program was designed to sample
only during a summer index period when DO levels
are expected to be at their lowest, DO measurements
collected in this program probably represent shortterm worst-case conditions that may not reflect
conditions during other seasons or longer timeaveraging periods. Therefore, these measurements
should not be used for regulatory purposes. However,
SCECAP data provide useful measures of average
DO concentrations observed in South Carolina’s
coastal habitats when DO levels may be limiting,
and it identifies areas within the state where this is
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occurring. Based on the state water quality standards,
mean or instantaneous DO concentrations > 4 mg/L
are considered to be good for summer time periods,
values < 4 mg/L and > 3 mg/L are considered to
be fair (i.e. contravenes one portion of the state
standards), and average or instantaneous measures
< 3 mg/L are considered to be poor and potentially
stressful to many invertebrate and fish species.
The average bottom DO concentration at the open
water stations during the 2001 – 2002 survey was 5.0
mg/L, with approximately 89% of the state’s open
water habitat having a mean DO > 4.0 mg/L based
on the 25-hr instrument deployments (Figure 3.2.2;
data online). Only one open water site (representing
approximately 3% of the state’s open water habitat)
had an average DO < 3.0 mg/L (RO01147). This site
also had an instantaneous bottom DO < 3.0, with a
surface water DO concentration of 4 mg/L.
The average bottom DO concentration observed
at tidal creek sites was 4.5 mg/L, with 78% of this
habitat having a mean DO value > 4 mg/L. The
difference in mean DO values observed among the
creek versus open water sites was highly significant (p
< 0.001). Approximately 9% of the state’s tidal creek
habitat had mean DO levels < 3.0 mg/L and 13% of
this habitat had DO levels between 3 and 4 mg/L. The
mean values observed in creek and open water sites
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Figure 3.2.2.

The Condition of South Carolina’s Estuarine and Coastal Habitats During 2001-2002

Comparison of the average dissolved oxygen concentrations observed in tidal creek and open water habitats
during 2001 – 2002, and estimates of the percent of the state’s coastal habitat representing various DO ranges
based on the average of measurements obtained over 25-hrs at each station. Red indicates poor DO conditions,
yellow indicates fair DO conditions but below state standards, light green represent good conditions that are
considered acceptable for supporting biota during summer months, and dark green represents good conditions
above the state DO standard.

were similar to those observed during 1999-2000. In
both survey periods, tidal creek sites generally had
a much greater range in DO concentrations than the
open water as well as a higher percentage of sites with
marginal or poor DO.
Although numeric state DO standards apply
to all waters, the SCECAP data suggest that lower
DO concentrations in tidal creeks may be normal
during the summer months compared to larger
water bodies. When making regulatory decisions in
such situations, the practice of considering natural
background conditions seems appropriate. Even so,
creek sites with the mean DO levels < 3 mg/L may
not fully support biological assemblages inhabiting
those sites, especially during periods when DO levels
are less than 2 mg/L (hypoxic conditions). Hypoxic
conditions are known to be limiting to many estuarine
and marine biota (Gibson et al., 2000).
The instantaneous measures of bottom DO were,
on average, slightly lower than the mean DO values
obtained from the 25-hr deployment of water quality
meters among both the open water and tidal creek sites
(data online). These differences were not statistically
significant (p > 0.1) and a similar pattern was
observed in 1999-2000. There was also no significant
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difference between the surface and bottom measures
when all sites were considered together within each
habitat (mean differences were < 0.3 mg/L in either
habitat, p > 0.08). However, as noted in the 19992000 survey, instantaneous DO measures resulted in
a higher percentage of the state’s coastal water habitat
coding as fair or poor (38% vs 22% of the tidal creek
habitat and 13% vs. 11% of the open water habitat).
The instantaneous bottom DO measure at each site
were only weakly correlated to the mean bottom DO
obtained from the 25-hr instrument deployment (r2
= 0.25). While instantaneous measures of DO and
other water quality parameters are the only feasible
approach for SCDHEC to use for the year-round
assessment of coastal water quality, average DO
conditions are best measured over a longer period
that includes both day and night measures during all
tidal stages. Analyses will be conducted in the future
to compare estimates of state water quality condition
based on the SCECAP assessment versus the monthly
year-round assessment conducted at the same sites by
SCDHEC staff.
pH
Measures of pH provide another indicator of
water quality in estuarine habitats that has often
been ignored by other sampling programs at the state
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Figure 3.2.3.

Results and Discussion

Comparison of the average bottom pH concentrations observed in tidal creek and open water habitats during
2001-2002, and estimates of the percent of the state’s coastal habitat representing various bottom pH ranges
based on the average of measurements obtained over 25-hrs at each station. Red indicates poor pH conditions
below SCDHEC standards when compared to natural waters, yellow indicates fair pH conditions within the lower
10th percentile of historical pH values observed in pristine polyhaline waters, and green represents good pH
relative to historical data for pristine polyhaline waters.

or national level. Measures of pH are based on a
logarithmic scale, so even small changes in the value
can result in significant stress to estuarine organisms
(Bamber, 1987, 1990; Ringwood and Keppler, 2002).
Unusually low or high pH values may indicate
the presence of pollutants (e.g. release of acids or
caustic materials) or high concentrations of carbon
dioxide (Gibson et al., 2000). Because salinity and
alkalinity affect the pH of estuarine waters, SCDHEC
has established water quality standards that account
for these effects. The pH in Class SA and SB tidal
saltwater areas should not vary more than one-half
of a pH unit above or below effluent-free waters in
the same geologic area having a similar salinity,
alkalinity and temperature, and values should never
be lower than 6.5 or higher than 8.5. Shellfish
Harvesting waters (SFH) shouldn’t deviate more than
0.3 units from effluent-free waters. Based on these
criteria, pH criteria were established for SCECAP
assessments using data collected from pristine
environments sampled in 1999-2000 (e.g. Cape
Romain, ACE and North Inlet National Estuarine
Research Reserves, SFH class saltwaters) to identify
pH levels that were considered to represent good, fair,
and poor conditions for polyhaline waters (> 18 ppt;

Technical Summary Report

Van Dolah et al., 2002). For polyhaline waters, pH
levels below 7.1 are below the 0.5 pH unit variation
allowed for effluent-free waters and are considered
to be poor pH conditions. Values below 7.4 pH units
are considered to be only fair since they represent
the lower 10th percentile of all pH records observed
for polyhaline waters during the 1999-2000 survey.
Values > 7.4 pH units are considered to be good for
polyhaline wates Criteria are still not established for
lower salinity waters since the number of sites that
had salinities < 18 ppt are still too limited in number
due to the extreme drought conditions experienced
since 1999.
The overall average pH observed in 2001-2002
based on the 25-hr measures was 7.5 in tidal creek
habitats and 7.7 in open water habitats (Figure 3.2.3,
data online). The average instantaneous surface pH
measures collected at all sites within each habitat
type were within 0.1 pH unit of the average bottom
pH based on the continuous measurements, and all
average values were very similar to the averages
observed in 1999-2000 (Van Dolah et al., 2002).
The difference in mean pH values was statistically
significant between habitats (p < 0.001) with a higher
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percentage of the state’s creek habitat having pH
values considered to be only fair or poor compared
to the state’s open water habitat (Figure 3.2.3). A
similar trend was noted in 1999-2000 (Van Dolah
et al., 2002). None of the stations sampled in 20012002 had mean or maximum values that exceeded the
maximum (8.5 pH units) or minimum (6.5 pH units)
criteria established by SCDHEC, at any time during
the 25-hr instrument deployment period at each site
(data online). Therefore, although we can’t apply
the SCECAP criteria to the 10 sites with average
salinities less than 18 ppt, those sites at least had
pH values within the maximum range accepted by
SCDHEC.
Nutrients
Nutrient concentrations in estuarine waters can
become high due to runoff from upland urban and
suburban developments, agricultural fields adjacent to
estuarine habitats, riverine input of nutrient-rich waters
from inland areas, and atmospheric deposition. High
nutrient levels can lead to eutrophication of estuarine
waters resulting in excessive algal blooms (including
harmful algal blooms), decreased dissolved oxygen,
and other undesirable effects that adversely affect
estuarine biota (Bricker et al., 1999). Currently, there
are no state standards in South Carolina estuarine
waters for the various forms of nitrogen (except
ammonia) and phosphorus. Therefore, the SCECAP
data are compared to SCDHEC’s historical database
(SCDHEC, 1998a) to identify waters showing
evidence of elevated nutrients. Values below the 75th
percentile of the historical database are considered to
be good, values above the 75th percentile and below
the 90th percentile are considered to be moderately
elevated (fair), and values above the 90th percentile
are considered to be high (poor). Dissolved nutrient
concentrations are also compared with guidelines
identified by NOAA (Bricker et al., 1999) and the
USEPA (in review).
Nitrogen:
Total nitrogen (TN), as measured by the SCDHEC
laboratory, is best represented by the sum of nitratenitrite and total Kjeldahl nitrogen (TKN). Based on
historical SCDHEC (1998a) data, TN values above
1.29 mg/L are considered to be poor since they
represent the upper 90th percentile of the historical
records. Values > 0.95 mg/L and < 1.29 are considered
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to be fair since they are above the upper 75th percentile
of the historical records and below the 90th percentile
of those records. Values < 0.95 mg/L are considered
to be good. In 2001-2002, the average concentration
of TN was 0.53 mg/L among the tidal creek sites and
0.47 mg/L among the open water sites (Figure 3.2.4).
In contrast to the 1999-2000 survey, this difference
was not statistically significant (p = 0.159) and the
average values observed in both habitats were lower
than observed in 1999-2000. Approximately 82%
of the nitrogen was in the form of TKN (organic
fraction plus ammonia) when all stations were
considered collectively. Average nitrate-nitrite values
in the creeks and open water sites were only 0.03
and 0.07 mg/L, respectively, which was similar to
the values observed in 1999-2000. Using the sum of
the detectable values for nitrate-nitrite and TKN as
an indication of total nitrogen (TN) enrichment, only
about 3% of the state’s creek habitat and 4% of the
state’s open water habitat had moderately elevated
TN concentrations considered to be fair using
SCECAP criteria, and < 1% of the either habitat had
high nutrient values considered to be poor (Figure
3.2.4, data online). These TN values observed in
2001-2002 are comparable to those observed in open
water in 1999-2000 and lower than those observed
during that time period in the tidal creeks. One of the
two sites with high TN values was located in a creek
off the Old Chehaw River (RT01603) and the other
site was located in Winyah Bay (RO01113). Only
the latter station also had elevated concentrations of
chlorophyll-a, another measure of possible estuarine
eutrophication (see Chlorophyll-a section).
Total dissolved nitrogen (TDN) values observed
in 2001-2002 are available online at the SCECAP
web site. Average surface TDN concentrations in
the creeks and open water sites were 0.67 mg/L
and 0.64 mg/L, respectively. Four of the randomly
selected creek sites (RT01603, RT01604, RT01654,
RT022017), representing 7% of the state’s tidal creek
habitat, had TDN concentrations > 1.0 mg/L, which is
considered to be high based on guidelines developed
for coastal waters by NOAA (Bricker et al., 1999).
One non-random site (NT01615) also had high TDN,
and four other randomly selected creek sites had
TDN values > 0.9 mg/L. Several of these sites were
located in watersheds with agricultural land use, and
may reflect elevated nutrient runoff from these fields.
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Figure 3.2.4.

Results and Discussion

Comparison of the average total nitrogen (TN) concentrations observed in tidal creek and open water habitats
during 2001-2002, and estimates of the percent of the state’s coastal habitat representing various TN ranges that
represent normal (green), fair (yellow), or poor (red) values relative to SCDHEC historical data. Fair conditions
represent moderately high values (> 75th percentile) of historical data, and poor represents very high (> 90th
percentile) of historical data records.

None of the open water sites sampled in 2001-2002
had TDN values > 1.0 mg/L, but five sites (RO01114,
RO01116, RO01148, RO026019, RO026024) had
TDN values > 0.9 mg/L. The location of these sites
is provided in Appendix 1.). None of the sites with
high TDN also had high chlorophyll-a measures,
another measure of possible estuarine eutrophication.
As noted in the section describing chlorophyll-a
results, there was a very poor correlation between
TDN and chlorophyll-a concentrations and this
nutrient measure may not be a suitable an indicator
of phytoplankton abundance at the NOAA thresholds
described by Bricker et al. (1999).
Most of the dissolved nitrogen was in the form
of dissolved organic nitrogen (DON) in both habitats
(81% among all sites combined; data online). Due
to differences in analytical protocols used to estimate
TN and TDN, combined with a high percentage of
missing TN values in the 2001 data set, it is not
possible to directly compare TN versus TDN values.
However, based on the results obtained using the two
procedures, it is likely that most of the TN measured
at the SCECAP sites was in the form of TDN. Results
obtained in 2000 also indicated that the majority of
TN was in the form of TDN (Van Dolah et al.,
2002).
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Measures of dissolved inorganic nitrogen (DIN)
provide another estimate of possible estuarine
eutrophication that is being used by the USEPA (in
review). In the 2001-2002 survey, the average DIN
concentrations at the tidal creek and open water sites
were 0.11 and 0.13 mg/L, respectively. The USEPA
(in review) considers DIN values between 0.1 and 0.5
mg/L to represent fair conditions and values above 0.5
mg/L to represent poor (or enriched) conditions. In
our survey, only one site (RO01112) had a DIN value
> 0.5 mg/L and there was no direct positive correlation
with DIN and chlorophyll-a (see chlorophyll-a
section). In fact, chlorophyll-a concentrations (one
measure of possible eutrophication) were generally
highest at stations with very low DIN concentrations.
While this could be expected due to the utilization
of DIN by phytoplankton, the DIN criteria used by
the USEPA do not appear to be very indicative of
possible eutrophic conditions in SC waters based on
other measures we collect. Most of the DIN at station
RO01112 was in the form of ammonia rather than
nitrate/nitrite.
Phosphorus:
Based on SCDHEC historical survey data
(SCDHEC, 1998a), average total phosphorus levels
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Comparison of the average total phosphorus (TP) concentrations observed in tidal creek and open water habitats
during 2001-2002, and estimates of the percent of the state’s coastal habitat representing various TP ranges that
represent normal (green), fair (yellow), or poor (red) values relative to SCDHEC historical data. Fair conditions
represent moderately high values (> 75th percentile) of historical data, and poor represents very high (> 90th
percentile) of historical data records.

> 0.17 mg/L are considered to be poor since they
represent the upper 90th percentile of the historical
observations. Values > 0.09 and < 0.17 mg/L are
considered to be fair and represent concentrations
above the 75th percentile and below the 90th percentile
of historical records. Values < 0.09 mg/L are
considered to be good. The average total phosphorus
(TP) measured by SCDHEC in 2001-2002 was
0.073 mg/L at the creek sites and 0.058 mg/L at the
open water sites (Figure 3.2.5). In contrast to the
previous survey in 1999-2000, this difference was not
statistically significant (p = 0.2) and values among the
stations were generally lower. Only 5% of the state’s
creek habitat and 1% of the state’s open water habitat
had total phosphorus concentrations that exceeded
the 90th percentile of the historical database collected
by SCDHEC from 1993-1997 (SCDHEC, 1998a).
Only four of the 20 sites with moderately high to
very high TP values also had elevated chlorophyll-a
concentrations, which suggests that this measure may
not be strongly related to phytoplankton enrichment
in SC waters (see chlorophyll-a section).
The average total dissolved phosphorus (TDP)
concentrations observed in creeks versus open
water habitats were 0.039 mg/L and 0.035 mg/L,
respectively, which was comparable to the values

14

observed in 1999-2000. This difference was not
statistically significant (p = 0.5). Using the NOAA
guidelines (0.10 mg/L) as a measure of possible
dissolved phosphorus enrichment in coastal waters
(Bricker et al., 1999), none of the open water sites and
only three of the creek sites (RT01628, RT022017,
RT022155) were enriched (data online). One of
these sites, RT022017, was in the Old Chehaw River
where other elevated measures of nutrients were
observed. Inorganic phosphorus (orthophosphateOP) comprised approximately 84% of the TDP when
all samples were considered collectively.
Silica:
Dissolved silica (DS) measurements are primarily
collected for the National Coastal Assessment
Program. Low silica levels can be a limiting factor
in the production of certain forms of phytoplankton,
primarily diatoms. Average silica concentrations in
the 2001-2002 survey were 1.41 mg/L at tidal creek
sites and 1.07 mg/L at open water sites. These DS
concentrations represent relatively high values that
should not be a limiting nutrient for phytoplankton
species in South Carolina waters since the ratio of
dissolved inorganic nitrogen to dissolved silica at all
sites (mean ratio = 0.09) was well below the 1:1 ratio
considered to be critical (Day et al., 1989).
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Chlorophyll-a
Our measure of phytoplankton biomass
in the water column is based on chlorophyll-a
concentrations. Other phytoplankton pigments are
also being examined using HPLC analyses, but they
are not summarized in this report. High chlorophylla concentrations provide an indication of possible
estuarine eutrophication since phytoplankton respond
rapidly to enriched nutrient concentrations and can
form blooms that result in poor water quality (e.g. low
DO, large DO variations) and the presence of harmful
algal species. Bricker et al. (1999) and the USEPA
(in review) consider chlorophyll-a concentrations
above 20 µg/L to be high or poor, respectively.
SCECAP sites with chlorophyll-a concentrations
above 20 µg/L are also considered to be poor based
on these studies. Chlorophyll-a values >12 µg/L
represent the upper 75th percentile of all chlorophylla concentrations measured by the SCECAP program
and are considered to be only fair. Values < 12 µg/L
are considered to be good.
The average chlorophyll-a concentration in
creek habitats was 10.2 μg/L and 10.0 μg/L at the
open water sites (Figure 3.2.6). This difference was
not statistically significant (p = 0.4) and represents
relatively low concentrations based on our SCECAP

Figure 3.2.6.
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database collected since 1999 (i.e., < 75th percentile).
The CDF analysis indicated that only 1% of the
state’s open water habitat and 7% of the state’s
tidal creek habitat had chlorophyll-a concentrations
> 20 μg/L, which is considered to be elevated by
Bricker et al. (1999). The slightly higher chlorophyll
concentrations in tidal creeks may be reflective of
the higher nutrient concentrations observed in the
creeks. It may also reflect possible re-suspension
of benthic algae from the creek bottoms and nearby
marsh surfaces.
In order to evaluate whether nutrient
concentrations are correlated with the chlorophylla concentrations observed, several regression and
correlation analyses were conducted using all
existing data collected by the SCECAP program since
1999 for TN and TP, and since 2000 for the TDN and
TDP (note: dissolved nutrients were not measured
by SCECAP in 1999). These analyses did not show
strong relationships between any of the variables
considered (Figure 3.2.7, 3.2.8), which may reflect
the fact that chlorophyll-a concentrations probably
reflect the effects of nutrient levels present in the
waters prior to the sample collection period. Thus,
synoptic samples of the two measures (i.e. nutrient vs.
chlorophyll-a concentration) might not be expected to

Comparison of the average chlorophyll-a concentrations observed in tidal creek and open water habitats during
2001-2002, and estimates of the percent of the state’s coastal habitat representing various concentrations that
are indicative of possible eutrophication. Red is considered to be poor (> 20 μg/L) based on criteria developed
by Bricker et al. (1999) and the USEPA (in review), dark green represents fair values that are above the 75th
percentile of the SCECAP data for this parameter, and lightgreen represents low to normal chlorophyll-a values.
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Figure 3.2.7.
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Summary
of
nitrogen
versus
chlorophyll-a
measures collected from
SCECAP sites from 20002002.
The top figure
shows
total
nitrogen
(TN) on the x-axis, the
middle graph shows total
dissolved nitrogen (TDN),
and the bottom graph
shows dissolved inorganic
nitrogen (DIN).
The
vertical dotted lines shows
threshold criteria used
by SCECAP to represent
good, fair, and poor TN
conditions (see report text),
the middle graph shows
NOAA criteria (Bricker et
al., 1999 ) for low medium
and high TDN, and the
bottom
graph
shows
USEPA (in review) criteria
for good, fair and poor DIN
conditions. The horizontal
dotted line shows the
criteria for high chlorophyll-
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Figure 3.2.8.
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Summary of phosphorus
versus
chlorophyll-a
measures collected from
SCECAP sites from 20002002. The top figure shows
total
phosphorus
(TP)
on the x-axis, the middle
graph shows total dissolved
phosphorus (TDP), and
the bottom graph shows
dissolved
inorganic
phosphorus (DIP).
The
vertical dotted lines shows
threshold criteria used by
SCECAP to represent good,
fair, and poor TP conditions
(see report text), the middle
graph shows NOAA criteria
(Bricker et al., 1999 ) for low
medium and high TDP, and
the bottom graph shows
USEPA (in review) criteria
for good, fair and poor DIP
conditions. The horizontal
dotted line shows the
criteria for high chlorophylla used by all programs.
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be strongly related. Nevertheless, both NOAA and the
USEPA have established nutrient criteria that could
lead to elevated chlorophyll-a concentration, and we
have evaluated our data to see if those relationships
exist in SC waters. The comparison of TN and TP
versus chlorophyll-a concentrations did not show
a strong relationship (r2 values < 0.2, Figure 3.2.7,
Figure 3.2.8) with the TP relationship less correlated
to chlorophyll-a than TN. Comparisons within each
habitat type (not shown) did not significantly alter
these relationships.
When chlorophyll-a concentrations were greater
than 20 μg/L, the majority of those samples had TN
concentrations > 0.5 mg/L. If additional data collected
by this program support this pattern, the current
thresholds representing elevated TN concentrations
may be adjusted to better reflect the possibility
of observing high phytoplankton concentrations.
However, it is important to note that many samples
with relatively high TN concentrations did not have
high chlorophyll-a concentrations (Figure 3.2.7).
The much weaker relationship between TP and
chlorophyll-a suggests that this is not a limiting
nutrient form in SC waters (Figure 3.2.8).
Comparison of TDN and TDP concentrations
versus chlorophyll-a concentrations indicated that
these variables were not correlated, and none of
the samples with high chlorophyll-a concentrations
had concentrations > 0.8 mg/L for TDN and 0.9 for
TDP (Figures 3.2.7, 3.2.8). These values are below
the thresholds identified by NOAA as indicative of
high nutrient concentrations that may result in algal
blooms (Bricker et al., 1999).
Similarly, comparisons of DIN and DIP versus
chlorophyll-a concentrations were also not correlated.
The USEPA (in review) has developed criteria for
these nutrients that correspond to good, fair, or poor
levels of DIN and DIP. Using their criteria, only one
of the sites sampled in 2000-2002 had poor (high)
DIN concentrations and that site had a relatively
low chlorophyll-a concentration. SCECAP sites
with high chlorophyll-a concentrations always had
DIN concentrations < 0.1 mg/L. In contrast, a high
percentage of the SCECAP sites sampled in 20002002 had DIP concentrations considered to be poor
by the USEPA. Only three of these sites also had
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chlorophyll-a concentrations the USEPA considers
to be high. Rather, most of the SCECAP sites with
high chlorophyll-a concentrations had DIP values <
0.03 mg/L. Thus, the USEPA criteria for DIN and
DIP do not appear to be effective indicators of high
phytoplankton concentrations indicating possible
eutrophication.
Biochemical Oxygen Demand
The five-day Biochemical Oxygen Demand
(BOD5) is a measure of the amount of oxygen
consumed by the decomposition of carbonaceous
and nitrogenous matter, both natural and man-made
wastes, in the water column. Although BOD5 is
regulated on National Pollutant Discharge Elimination
System (NPDES) permits to protect instream
dissolved oxygen concentrations, there are no
freshwater or saltwater standards for natural waters.
Both the SCDHEC water quality monitoring program
and the SCECAP program include measurements of
BOD5 in order to obtain information on areas where
unusually high values may occur, but BOD5 has been
dropped from the integrated measure of water quality
since there are no clear guidelines or state criteria
applicable for saltwater habitats. Based on historical
SCDHEC (1998a) data, BOD5 values > 2.6 mg/L are
considered to be poor since they represent the upper
90th percentile of the historical observations. Values
> 1.8 and < 2.6 are considered to be fair since they
are above the 75th percentile of historical records but
below the 90th percentile, and values < 1.8 mg/L are
considered to be good.
Average BOD5 concentrations found at creeks
sites sampled in 2001-2002 were 0.6 mg/L and the
average at open water sites was 0.4 mg/L (Figure
3.2.9), which was much lower than the average values
observed in the 1999-2000 survey (Van Dolah et al.,
2002). As in the 1999-2000 survey, this difference
was not statistically significant (p = 0.5); and only a
slightly higher percentage of the state’s creek habitat
had elevated BOD5 levels that exceeded the 75th and
90th percentiles of historical detectable observations
when compared to open water habitat (Figure 3.2.9,
data online). High BOD5 concentrations may be
indicative of poor water quality.
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Figure 3.2.9.
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Comparison of the average five-day biochemical oxygen demand (BOD5) concentrations observed in tidal
creek and open water habitats during 2001-2002, and estimates of the percent of the state’s coastal habitat
representing various BOD5 ranges that represent normal (green), fair (yellow) and poor (red) relative to SCDHEC

Total Organic Carbon
Total organic carbon (TOC) represents another
indicator of biological productivity. It reflects the
products of organic decomposition and amount of
detritus in the water column. There are no state
standards for TOC, but values greater than 11 mg/L
exceed the 75th percentile of historical data collected
in the state’s coastal zone from 1993-1997 (SCDHEC,

1998a). Therefore, values > 11 mg/L are considered
to be fair for SCECAP samples. Values greater than
16 mg/L exceed the 90th percentile of the historical
database and are considered to be poor for SCECAP
samples.
Average TOC concentrations observed during
2001-2002 were 5.4 mg/L at the creek sites and 5.3

Figure 3.2.10. Comparison of the average total organic carbon (TOC) concentrations observed in tidal creek and open water
habitats during 2001-2002, and estimates of the percent of the state’s coastal habitat representing various TOC
ranges that represent normal (green), fair (yellow) or poor (red) values relative to SCDHEC historical data.
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mg/L at the open water sites (Figure 3.2.10, data
online). Only 3% of the creek habitat and 5% of the
open water habitat had concentrations that exceeded
the 75th percentile of historical observations. None
exceeded the 90th percentile concentration.
Due to the consistently low TOC values
observed at the sites sampled during both the 19992000 and 2001-2002 surveys of this program, TOC
measurement are not included in the integrated
measure of overall water quality.
Fecal Coliform Bacteria
Coliform bacteria are present in the digestive tracts
and feces of all warm-blooded animals and public
health studies have established correlations between
adverse human health effects and the concentration
of fecal coliform bacteria in recreational, drinking,
and shellfish harvesting waters. State fecal coliform
standards to protect primary contact recreation
requires a geometric mean count that does not exceed
200 colonies/100 mL based on five consecutive
samples in a 30 day period and no more than 10%
of the samples can exceed 400 colonies/100 mL. To
protect for shellfish consumption, the geometric mean
shall not exceed 14 colonies/100 mL and no more
than 10% of the samples can exceed 43 colonies/100
mL (SCDHEC, 2001b). Since only a single fecal
coliform count was collected at each site, compliance

with the standards cannot be strictly determined,
but the data can provide some indication of whether
the water body is likely to meet standards. For the
SCECAP program, we consider any sample with >
43 colonies/100 mL to represent fair conditions (i.e.,
potentially not supporting shellfish harvesting) and
any sample with > 400 colonies/100 mL to represent
poor conditions (i.e., potentially not supporting
primary contact recreation).
The average of fecal coliform measurements
obtained during the 2001-2002 statewide assessments
were 30.4 colonies / 100 mL in the creeks and 13.3
colonies / 100 mL at open water sites (Figure 3.2.11).
This difference was statistically significant (p = 0.01).
The relatively high average for the tidal creek was
largely due to the presence of > 300 colonies/100 mL at
two sites (RT01628, RT022021). Using the SCECAP
criteria and CDF analyses, approximately 24% of
the state’s creek habitat was marginal and 3% had
coliform concentrations considered to be very poor.
Approximately 17% of the state’s open water habitat
had moderately high fecal coliform concentrations
and no sites had coliform colony counts > 400. Sites
not meeting SCECAP criteria are provided through
the SCECAP web site. The higher fecal coliform
counts observed in creek habitats is most likely due
to the proximity of these small drainage systems to
upland runoff from both human and domestic wastes

Figure 3.2.11. Comparison of the average fecal coliform concentrations observed in tidal creek and open water habitats during
2001-2002, and estimates of the percent of the state’s coastal habitat representing various concentrations that
are good (green), fair (yellow) and indicative of possible unsuitability for shellfish harvest, or poor (red) and
indicative of possible unsuitability for primary contact recreation.
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as well as wildlife sources, combined with the lower
dilution capacity of creeks compared to larger water
bodies. Greater protection of tidal creek habitats is
warranted in areas where upland sources of waste can
be identified and controlled.
Turbidity
Measures of water clarity provide an indication
of the amount of suspended particulate matter in the
water column. South Carolina’s estuarine waters
are naturally turbid compared to many other states.
Exceptionally high turbidity levels may be harmful
to marine life. SCDHEC has recently developed a
maximum saltwater state standard for turbidity of 25
NTU. This corresponds to the 90th percentile of the
SCDHEC saltwater database, which was obtained
primarily from the larger estuarine water bodies.
Therefore, values above 25 NTU are considered
to be poor for this program. The 75th percentile,
representing partially elevated levels, is 15 NTU.
Values > 15 NTU and < 25 NTU are considered to be
fair for SCECAP samples.
Average turbidities measured in the 2001-2002
survey by this program were 21 NTU in the tidal
creeks and 15 NTU in the open water habitat (Figure
3.2.12; data online), which is almost identical to
the averages observed in the 1999-2000 survey.
The difference between habitats was statistically

Results and Discussion

significant (p = 0.002). Based on the single measure
of turbidity taken at each station, approximately 19%
of the tidal creek habitat exceeded the State standard,
whereas only 10% of the open water habitat exceeded
the standard (Figure 3.2.10, data online). As noted by
Van Dolah et al. (2002), turbidity levels in tidal creeks
may be naturally higher due to the shallow depths of
these systems (i.e. surface samples are often within
1-2 m of the bottom) combined with re-suspension of
the bottom sediments due to tidal currents.
Alkalinity
Alkalinity measurements were collected for the
SCECAP program to be consistent with SCDHEC’s
larger water quality monitoring program. There are no
state standards for alkalinity in saltwater and research
is lacking on how high or low alkalinity values affect
estuarine biota. Until there is better information on
how alkalinity should be interpreted, the data are only
summarized at the SCECAP web site.
Integrated Water Quality Measure
SCECAP has developed an integrated measure
of water quality using multiple parameters combined
into a single index value. Six parameters were used
to develop the index of water quality for the 19992000 survey: dissolved oxygen (DO), biochemical
oxygen demand (BOD), fecal coliform bacteria, total
nitrogen (TN), total phosphorus (TP), and pH. For

Figure 3.2.12. Comparison of the average turbidity concentrations observed in tidal creek and open water habitats during
2001-2002, and estimates of the percent of the state’s coastal habitat representing various turbidity ranges
that represent good (green), fair (yellow) or poor (red) values relative to SCDHEC historical data and state
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the 2001-2002 survey, BOD was dropped from the
index because there are no documented criteria or
guidelines for BOD in estuarine waters and the effects
of BOD in these systems is unknown. Chlorophyll-a
was added to the index as a measure of phytoplankton
response to nutrient concentrations.
Dissolved oxygen (DO) provides an indication
of oxygen availability, which can become too low
to sustain aquatic organisms, especially during the
summer. Total nitrogen and phosphorus provide
measures of nutrient concentrations. When combined
with chlorophyll-a concentrations, these three
parameters provide evidence of whether nutrient
enrichment (eutrophication) may be occurring. Fecal
coliform concentrations provide an indication of the
suitability of the water for shellfish harvesting and
primary contact recreation. Measures of pH can
indicate whether waters are stressful for many marine
species.
Each water quality variable is given a score of
1, 3, or 5. A score of 1 (coded as red) indicates an
exceedance of state water quality standards, or if no
standards exist, an exceedance of the 90th percentile
of SCDHEC’s historical database (SCDHEC, 1998a).
The criteria used for pH are based on a combination
of state water quality standards and the 90th percentile
of pH values as described by Van Dolah et al. (2002).
There are no state standards for chlorophyll-a.
Therefore, an exceedance of 20 µg/L was considered
to be a high chlorophyll-a value based on Bricker et
al. (1999). A score of 3 (coded as yellow) represents
conditions that may be fair since they either exceeded
a portion of the water quality standard or the 75th
percentile of SCDHEC’s historical database. For
chlorophyll-a, an exceedance of 12 µg/L was used.
This represents the 75th percentile of the chlorophylla values in the SCECAP database from 1999-2002,
since this variable was not measured in the SCDHEC
(1998a) report. A score of 5 (coded as green)
indicates values that did not exceed a state standard or
were below the 75th percentile of the records for that
parameter in the historical database, or the SCECAP
database (chlorophyll-a only).
The integrated water quality score is an average
of all six parameter scores (Figure 3.2.13). For
the SCECAP program, an integrated score < 3 is
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considered to represent relatively poor water quality
conditions, scores > 3 but < 4 represent fair water
quality conditions, and scores > 4 represents good
water quality conditions.
Results of the 2001-2002 survey indicted that
approximately 73% of the state’s creek habitat during
this survey period was good, 22 % had fair water
quality, and 5% of the creek habitat had poor water
quality. In contrast, 88% of the state’s open water
habitat had good water quality overall, 12% was
considered to be only fair in quality, and none of the
open water habitat sampled in this survey period had
poor water quality. The specific location of creek
sites with poor water quality, and the coding of each
variable that comprises the integrated water quality
score, is provided in Appendix 2.
As noted in the 1999-2000 survey (Van Dolah
et al., 2002), the higher percentage of poor and fair
water quality conditions in creeks indicates that
these habitats are often more stressful environments,
especially since many of these sites were in relatively
pristine locations. The higher percentage of creek
habitat with poor or fair conditions may also, in part,
reflect the relatively greater effect of anthropogenic
runoff into these smaller water bodies due to their
proximity to upland sources and their lower dilution
capacity. It may also be the result of using thresholds
derived from SCDHEC’s historic database, which is
composed predominantly of data from open water
habitats. Now that four years of data are available
SCECAP personnel will review the historical data
available for both habitat types to identify whether
the threshold criteria for some of the water quality
parameters measured in creek habitats should be
changed from those used in this report to reflect the
greater natural variability in these habitats.
Due to the change in methods and thresholds in
assessing overall water quality conditions in South
Carolina’s estuaries, a re-evaluation of all survey data
collected since 1999 was conducted on an annual basis
to evaluate whether any trends were observed since
the inception of SCECAP. While the probabilitybased sampling approach is not as suitable for trend
analysis compared to fixed stations, it is possible
to report changes in condition over time using this
approach. In contrast to our two-year summary data
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Figure 3.2.13. Summary of water quality threshold values and scoring process used to obtain the integrated water quality score
for 2001-2002. Values obtained from station RT01654 were used in this example. Green indicates good water
quality measures, yellow indicates values that are considered to be fair relative to state standards or historical
data obtained by SCDHEC, and red indicates poor water quality relative to state standards or historical data. An
integrated score < 4.0 represents fair overall water quality, and scores < 3.0 represent poor water quality for the
purposes of the SCECAP program.

periods, the annual assessment combines both the
open water habitat and the tidal creek habitat, with
appropriate weighting for each habitat type. The
reader should note that by using this approach, the
condition of tidal creeks contributes much less than
the condition of open water habitat since tidal creeks
comprise only about 17% of the states estuarine water
surveyed by SCECAP (Van Dolah et al., 2002).

fact that all sampling has occurred during a major
and unusual drought period. Return of climatic
conditions to conditions with higher rainfall,
resulting in more upland runoff, may change the
water quality estimates considerably. The 2003-2004
survey should be indicative of estuarine water quality
conditions during wetter years.

Comparison of the state’s overall water quality
condition on an annual basis indicated very little
change over the four-year period. For all four years,
more than 80% of the state estuarine waters rank as
good in quality using the SCECAP criteria, and less
than 5% of the estuarine waters are considered to
be poor in quality. The lack of any major change
in condition over time is probably due in part to the
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Figure 3.2.14. Proportion of the South Carolina’s estuarine habitat that ranks as good (green), fair (yellow) or poor (red) using
the integrated water quality score developed for the SCECAP program. This measure of overall water quality
incorporates the six water quality parameters shown.

Figure 3.2.15. Proportion of the South Carolina’s estuarine habitat that ranks as good (green), fair (yellow) or poor (red) using
the integrated water quality score when tidal creek and open water habitats are combined and compared on an

3.3 Sediment Quality
Sediment Composition
The composition and quality of estuarine
sediments can affect both the structure of the biotic
assemblage as well as the bioavailability of certain
contaminants to local biota. Sediments are generally
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composed of a combination of sand, silt and clay.
The types of benthic animals can vary depending on
how sandy or how muddy (silts and clays combined)
the sediments are. Also, contaminants tend to adsorb
to silt and clay particles so muddy sediments are more
likely to have higher contaminant concentrations than
sandy sediments.
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Figure 3.3.1.
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The average percent of sand versus silt/clay at open water and tidal creek sites sampled in 2001-2002 and
estimates of the proportion of the state’s coastal habitat that is primarily composed of the silt/clay fraction (>
80%), mixed (20-80% silt/clay), or sandy (< 20% silt/clay) sediments.

The average percentage of the silt/clay fraction
in both open water and tidal creek sites was less than
50% (Figure 3.3.1; data online), with open water sites
having a mean of 22% silt/clay compared to a mean
of 30% silt/clay in tidal creeks. This difference was
statistically significant (p < 0.015). However, there
was considerable variability in the percent of silt/clay
observed among the stations sampled in both habitats
(from < 3% to > 95%; data online).
Approximately 6% of the sediments in open
water habitat sampled in 2001 – 2002 were composed
predominantly of silt and clay (> 80% silt/clay),
while 14% of tidal creek habitats were predominantly
silt and clay (Figure 3.3.1; data online). Values for
mean silt/clay fraction and percent of the state’s total
habitat representing each sediment type were similar
between the two survey periods (1999-2000 and
2001-2002; Van Dolah et al., 2002).
TOC
Total organic carbon (TOC) provides a
measure of how much organic material occurs in
sediments. Hyland et al. (2000) found that extreme
concentrations of TOC can have adverse effects on
benthic communities. TOC levels below 0.5 mg/g
(0.05%) and above 30 mg/g (3.0%) were related to
decreased benthic abundance and biomass.
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The TOC of sediments in tidal creeks ranged
from 0.1 to 5.7% with a mean of 1.3% (data online).
Sediments in open water habitats contained lower
concentrations of TOC with a mean of 0.9% and a
range of 0.0 to 7.8% (Figure. 3.3.2). The difference
between total organic carbon content in tidal creeks
and open water sites was statistically significant (p <
0.004). Decomposing salt marsh plants and upland
runoff are the primary sources of organic carbon.
Open water sites are generally farther away from
these sources resulting in lower TOC concentrations
than tidal creek habitats.
Approximately 15% of the tidal creek habitats
had sediment TOC levels that were above 3%, with no
tidal creek habitat below 0.05%. Open water habitats
in the SCECAP survey had TOC levels that were
less than 0.05% (about 6% of open water habitats).
Approximately 9% of the area of open water habitat
was above 3% (Figure 3.3.2, data online).
The National Coastal Assessment Program
(USEPA, in review) has used TOC concentrations
of above 2% and above 5% to indicate fair or poor
sediment quality, respectively. Using these values,
4% of the tidal creek habitat and 2% of the open
water habitat had TOC concentrations equal to or
above the 5% threshold indicating poor conditions.
Another 20% and 10% of tidal creek and open water
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Average percent total organic carbon (TOC) concentration in sediments at open water and tidal creek sites
sampled in 2001-2002 and estimates of the proportion of the state’s coastal habitat having TOC levels (< 0.05 or
> 3%), which may cause stress in benthic communities.

respectively were in the fair category (2-5% TOC
concentrations).
TAN
Total ammonia as nitrogen (TAN) in sediment
porewater is another source of potential toxicity in
sediments. The effects of TAN on marine biota are
highly variable depending on the species considered
(Sims and Moore, 1995; Moore et al., 1997). A

Figure 3.3.3.
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value of 16 mg/L and 30 mg/L of TAN were used to
indicate potential toxicity to seed clams (Ringwood
and Keppler, 1998) and amphipods.
In the 2001-2002 survey, TAN levels were
similar between open water sites (3.04 mg/l) and tidal
creek sites (3.08 mg/L), and generally well below
levels considered to be toxic (Figure 3.3.3; data
online). Only 2% of both the open water and tidal

Average percent total ammonia nitrogen (TAN) concentration in sediment pore water at open water and tidal
creek sites sampled in 2001-2002 and estimates of the proportion of the state’s coastal habitat having TAN
concentrations (> 14 mg/L or >30 mg/L) that may cause stress in benthic communities.
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creek habitats had TAN concentrations > 14 mg/L
and none of the sites sampled in 2001-2002 had pore
water TAN concentrations > 30 mg/L (data online).
These values are similar to the 1999-2000 survey
(Van Dolah et al., 2002), indicating that there was no
detectable change between the two survey periods.
Contaminants
Sediments collected for SCECAP were examined
for a wide range of contaminants including 15 metals
(thallium was added during the 2001 sampling year),
25 polycyclic aromatic hydrocarbons (PAHs), 30
polychlorinated biphenyls (PCBs), and 23 pesticides.
For many of these contaminants, Long et al. (1995)
published bioeffects guidelines that reflect the
concentration of a contaminant that resulted in adverse
bioeffects in 10% of the studies examined (defined
as Effects Range-Low or ER-L) and concentrations
that resulted in adverse effects in 50% of the studies
(defined as Effects Range-Median or ER-M).
Eight of the randomly selected open water sites
in 2001 and six in 2002 had one or more contaminant
concentrations above ER-L values. Nine tidal creek
sites in 2001 and eleven in 2002 had contaminant
concentrations above ER-L values (data online).
Many of the ER-L exceedances in the tidal creeks were
due to high levels of arsenic. Arsenic concentrations
are naturally elevated in South Carolina estuarine
sediments (Scott et al., 1994; 2000) and therefore
the values observed are probably not related to
anthropogenic stress. Other metal contaminants that
exceeded ER-L values include nickel, chromium,
mercury, lead, copper, cadmium, and zinc. A few
PCBs, PAHs, and pesticides also exceeded their
respective ER-L values. In most cases, the stations
with ER-L exceedences were located in urbanized
estuaries such as Charleston Harbor and Winyah Bay,
reflecting the increased loadings of contaminants in
these areas. Only one of the randomly selected sites
sampled in 2001-2002 by the SCECAP program
had contaminant concentrations that exceeded ERM values. This station (RO026010) was located
in Winyah Bay and had zinc levels of 628 µg/g
(ERM value for zinc is 410 µg/g). The contaminant
concentrations found in the randomly located stations
sampled during the 2001-2002 survey are similar to
those found in the 1999-2000 survey.
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Among the seven non-random stations in 20012002, two stations had contaminant levels that
exceeded their respective ERM values. At station
NO01098 in the Ashley River, ERM values were
exceeded for copper and zinc. This site is located
adjacent to the Columbia Nitrogen Plant and the
Koppers Plant, which are both EPA Superfund
(CERCLA) sites. At Station NT01599 (Brickyard
creek in the Ashley River), total DDT levels of
49.4 ng/g exceeded the ERM value for Total DDT
of 46.1 ng/g. This station is in a tidal creek that
drains a heavily industrialized area of the Charleston
peninsula.
While individual contaminants were elevated
at some sites, a better assessment of overall
contaminant exposure may be derived from the
combined concentrations of all contaminants present
at a site relative to bioeffects guidelines. Dividing the
measured concentration of 24 contaminants by their
respective ER-M values, and taking the average of
all 24 values creates a combined value. The ERMQuotient (ERM-Q) has been evaluated by Hyland et
al. (1999) at more than 230 estuarine sites throughout
the southeast, and provides a method for predicting
stress in benthic invertebrate communities. ERMQ values < 0.02 represent a low risk of observing
degraded benthic communities, values >0.02 and <
0.058 represent a moderate risk, and values > 0.058
represent a high risk of observing degraded benthic
communities.
The mean ERM-Q among open water stations
was 0.016 with a range of 0.001 to 0.122 (Figure
3.3.4; data online). The mean ERM-Q among tidal
creek stations was 0.016 with a range of 0.001
to 0.046. Mean ERM-Q between habitat types
was not significantly different. Using the criteria
developed by Hyland et al. (1999), 21 of the tidal
creek stations sampled (9 in 2001 and 12 in 2002)
had ERM-Q values indicative of a moderate risk to
benthic assemblages while the remainder had ERMQ values indicative of a healthy benthos. Thirteen
open water stations had ERM-Q values representing
a moderate risk to benthos (6 in 2001 and 7 in 2002).
Additionally, two stations sampled in 2002 had
ERM-Q values indicative of high risk to benthic
health (ERM-Q >0.058). These stations were located
in the Cooper River across from the old Navy Base
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(RO026090) and in the Ashley River, just below the
Koppers Superfund site (RO026030) (data online).
The estimated percent of the state’s tidal
creek habitat that had ERM-Q values indicative of
moderate risk to benthic health was 24% compared
to 17% of the open water habitat. None of the state’s
tidal creek habitat had a high ERM-Q, and only 3%
of the state’s open water habitat had a high ERM-Q
value (Figure 3.3.4). These results are similar to
the 1999-2000 survey. A year-by-year comparison
of percent of total habitat (creek and open water
habitats combined) shows some minor variation in
the percentage of habitat that falls in the poor or fair
categories, but no major increasing or decreasing
trend in the proportion of South Carolina estuarine
habitat with poor or fair contaminant levels (Figure
3.3.5). However, the 1999-2002 period coincided
with a 4-5 year drought. Contaminant concentrations
may, in periods of normal rainfall, increase as runoff
from the land increases.
Toxicity
Even if estuarine sediments have high levels
of contaminants, these contaminants may not be
available to biota living in the sediments. Laboratory

Figure 3.3.4.
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bioassays are used as indicators of contaminant
bioavailability. The three bioassays used for the
SCECAP survey provide useful evidence of probable
contaminant effects on benthic species, particularly
when two or more of the assays show toxicity.
A weight of evidence approach is used to define
sediment toxicity. Positive tests in two or more
of the assays indicate a high probability of toxic
sediments, only one positive test indicates possible
evidence of toxic sediments, and no positive tests
indicates non-toxic sediments. For the 2001-2002
survey , 18% of both the tidal creek and open water
habitats were considered toxic, and 35% and 55%,
respectively, were considered possibly toxic (Figure
3.3.6). When compared to the 1999-2000 survey,
there was a substantial increase in the area of tidal
creek habitat considered toxic or possibly toxic (7%
in 1999-2000 and 18% in 2001-2002). However, due
to the high variability of the data, this difference is
not statistically significant.
Integrated Assessment of Sediment Quality
The integrated sediment quality index combines
measures of sediment contaminant concentrations
(ERM-Q) and sediment toxicity. The scoring process

Average Effects Range-Median Quotient (ERM-Q) value representing the combined contaminant concentration
at open water and tidal creek sites sampled in 2001-2002 and estimates of the proportion of the state’s coastal
habitat having ERM-Q values representing a low (< 0.02), moderate (> 0.02 - < 0.058), and high (> 0.058) risk of
observing stress in benthic communities.
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Effects Range-Median Quotient (ERM-Q) value for all randomly sampled sites from 1999-2002 (tidal creek and
open water habitats combined) and estimates of the proportion of the state’s coastal habitat having ERM-Q
values representing a low (< 0.02), moderate (> 0.02 - < 0.058), and high (> 0.058) risk of observing stress in

Figure 3.3.6.

was similar to that described for the integrated water
quality score and is shown in Figure 3.3.7. The
results of the 2001-2002 survey are similar to the
1999-2000 survey. For 2001-2002, none of the tidal
creek habitat had poor overall sediment quality and
40% coded as only fair in overall quality (Figure
3.3.8). In comparison, in 1999-2000, none of the tidal
creek habitat coded as poor, and 38% coded as fair in
quality. For open water habitats, 2% of the habitat
was considered to have poor overall quality, and 28%
coded as having only fair sediment quality (values for
1999-2000 were 3% and 30% respectively).
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Summary
of
sediment bioassay
results for 20012002 using multiple
assays. Sediments
are not considered
to be toxic if no
significant toxicity
was observed in
any of the tests,
possibly toxic if one
of the tests showed
positive results, and
toxic if two or more
of the tests showed
positive results.

Annual comparisons, combining both habitat
types, show an increasing area of habitat that was
considered poor or fair from 1999 to 2002 (Figure
3.3.9). The 1999 evaluation showed that none of
the estuarine habitat was considered poor and 15%
of the habitat was fair. The 2002 evaluation shows
3% of the estuarine habitat was considered poor
and 27% was fair, an overall increase of 15% of the
habitat falling into the poor or fair categories. While
the current trend is statistically non-significant,, as
the data from the 2003 and 2004 sampling seasons
becomes available, this trend can be re-evaluated.
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Figure 3.3.7.

Summary of sediment quality threshold values and scoring process used to obtain the integrated sediment quality
score. Values obtained from station RT01654 were used in this example. Green indicates good sediment quality
measures, yellow indicates fair values that may have some adverse effects on bottom dwelling organisms, and
red indicates poor sediment quality measures with a high probability of adverse bioeffects. For the purposes
of the SCECAP program, an integrated score < 4.0 represents fair overall sediment quality, and a score < 2.0
represents poor sediment quality.

Figure 3.3.8.

The proportion of the South Carolina’s estuarine habitat that ranks as good (green), fair (yellow) or poor (red),
using the integrated sediment quality score developed for SCECAP. This measure of overall sediment quality
incorporates the concentration of 24 contaminants relative to known bioeffects levels, and the number of
bioassays showing toxicity.
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Figure 3.3.9.
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Proportion of the South Carolina’s estuarine habitat that ranks as good (green), fair (yellow) or poor (red) using
the integrated sediment quality score when tidal creek and open water habitats are combined and compared on
an annual basis.

3.4 Biological Condition
Phytoplankton
One of the goals of SCECAP is to utilize
several measures of biotic condition to evaluate
estuarine habitat quality. Phytoplankton forms the
basis of the food chain and shows rapid response
to changes in nutrient concentrations and other
environmental factors. In addition to measures of
total phytoplankton concentration using chlorophylla (see water quality section), the composition of
phytoplankton species can be useful for identifying
whether there is an increase in the abundance of
undesirable species that can have harmful effects
on marine organisms, and in some cases, humans.
An analytical method, CHEMTAX, is a matrix
factorization program used to derive phytoplankton
community taxonomic structure using pigment data
(Mackey et al. 1996). Although not as taxonomically
precise as microscopy, calculations based on pigment
concentrations have been shown to provide useful
taxonomic information while allowing large numbers
of samples to be processed quickly (Millie et al. 1993,
Wright et al. 1996). A pigment matrix was developed
that includes 12 taxonomic groups (Table 3.4.1). In
all but one of these groups, the matrix was calibrated
using estuarine phytoplankton isolates, improving
application to estuarine systems (Mackey et al. 1996,
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Lewitus et al., submitted). Estuarine representatives
of prasinoxanthin-containing prasinophytes were not
available to the project. Therefore, Prasinophyceae-B
was based on Mackey et al.’s (1996) Prasinophyceae
Type 2.
In order to derive a baseline for future comparisons
based on rationale that species in some groups may be
more symptomatic of eutrophic estuarine conditions
than others, we used the following categories:
1) “Diatoms” alone, which generally dominate
pristine SC estuarine tidal creeks and support efficient
and productive food webs (Lewitus et al. 1998);
2) “Mixed Flagellates” that are not categorically
considered harmful in the sense of producing toxins
or otherwise adversely affecting fauna, but that
are associated with microbial food webs that less
efficiently transfer material and energy to higher
trophic levels;
3) “Harmful Taxa” that potentially include
species that are known for producing toxic or nuisance
blooms. Increases in the relative proportion of either
of the latter groups to diatoms may be symptomatic of
eutrophic conditions.
The relative contribution of each of these
groups to total pigment biomass did not differ
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CHEMTAX groups, the classes they represent, and the species used to derive the pigment ratio matrix. The
groups are combined in this report as “Diatoms” (designated in green), “Harmful Taxa (designated in red), and
“Mixed Flagellates (the remaining groups in black). Note that some taxa could not be differentiated based
on pigment composition (e.g. Diatoms and Dinophyceae-A). Dinophyceae-B are species with peridinin while
the other dinoflagellate types listed have fucoxanthin. Prasinophyceae-A and –B differ in that the latter has
prasinoxanthin. Also shown is the mean % contribution to total pigment biomass of each group calculated from
samples from all sites collected during 2001-2002.
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significantly in open water vs. creek sites (Figure
3.4.1). On average, diatoms made up 38% and 48%
of biomass and harmful taxa represented 24% and
19% of the phytoplankton biomass in open water and
creek sites, respectively. Based on recent discoveries
of widespread harmful algal blooms in SC lagoonal
stormwater detention ponds that exchange with tidal
creeks (Lewitus and Holland 2003, Lewitus et al.
2003, 2004) and other harmful blooms found in SC
tidal creeks and open estuaries (Keppler et al. in press),
it is of interest to point out cases where relatively
high contributions by these taxa were observed. In
2001, there were four open water sites where the
potentially harmful taxa (Dinophyceae-B) exceeded
25% of pigment biomass, RO01108, RO01113,
RO01121 (highest level at 41%), and RO01161.
It is interesting to note that all of these sites were
located in the Winyah Bay estuarine system. Three
of these sites were ranked as only “fair” in overall
habitat quality and one of these sites (RO01113) had
elevated nutrient concentrations. In contrast, the
highest contribution of these taxa (Dinophyceae-B)
at creek sites in 2001 was 1.4% at site NT01598,
which is located in Shem Creek (Charleston Harbor).
No other creek site had > 0.05% Dinophyceae-B. In
2002, two open water sites (NO02302 and RO026014)
and two creek sites (RT022022 and RT-022027) had
Dinophyceae-B contributions > 25% of biomass,
with an exceptionally high level at RO026014 (53%),
which is located in the Wando River of Charleston
Harbor . Another intriguing annual difference was
observed in the relative contribution of other harmful
taxa (Cyanophyceae), which exceeded 10% in two
open water sites and 1 creek site in 2001 (RO01125,
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RO01146, RT01642) but eight open water and eight
creek sites in 2002, with the highest contribution at
24% of pigment biomass at RT022006, located in
a creek behind Sulivans Island. The third harmful
group of phytoplankton (Raphidophyceae-A group)
is based on pigment ratios from Heterosigma
akashiwo, a widespread pond bloom-former and a
species that also formed a massive bloom in Bulls
Bay in spring 2003. Annual variability was extreme.
In 2001, Raphidophyceae-A comprised ≥ 35% of the
total phytoplankton biomass at eight open water sites
(including levels > 40% at RO01131 and RO01145),
but only at two creek sites. In 2002, RaphidophyceaeA never contributed > 20% of biomass at any site.
The value of these data on phytoplankton
composition will be realized in long-term
comparisons, when information on trends in relative
composition will be available. Hypotheses explaining
the extreme annual and, in some cases, regional
variability in relative biomass of certain “harmful
taxa” will be developed based on further analysis on
finer temporal scales. However, when 2001 and 2002
data were combined in this analysis, no consistent
correlations with nutrients or total chlorophyll a were
observed.
Benthic Communities
During the 2001-2002 survey, 48,746 benthic
organisms representing 370 taxa were collected
(data online). Mean abundance of benthic organisms
across all stations ranged from 138 to 22,038
individuals/m2 (average = 5,208 individuals/m2). The
mean abundance of organisms collected at open water

Figure 3.4.1. The % contribution of Diatoms (green), Harmful Taxa (red), and Mixed Flagellates (white) to total phytoplankton
community pigment biomass based on the mean of 2001-2002 samples from open water (top) and creek sites
(bottom).
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Mean abundance (number per m2), number
of species, and overall community diversity
(H’) of benthic fauna in bottom grabs (0.04
m2) collected in open water and tidal creek
habitats in 2001-2002.

stations (5,589 individuals/m2) was greater than the
abundance at tidal creek stations (4,792 individuals/
m2), although the difference was not statistically
significant (p = 0.935; Figure 3.4.2). The trend of
higher densities of benthic organisms among open
water stations when compared to tidal creek stations
was also observed in 1999-2000 (Van Dolah et al.,
2002). When comparisons between the 1999-2000
and 2001-2002 sampling periods are made within
habitat type with respect to mean abundance, open
water benthic infaunal abundances were very similar,
while the mean abundance of organisms in tidal creek
stations was greater during the 2001-2002 sampling
season. These differences were not statistically
significant, likely due to high variance within
sampling periods (p > 0.05).
The number of species ranged from three to 61
taxa per grab among all stations (average = 21), and
overall community diversity (H’) ranged from 0.70
to 4.85 (average = 2.86). A trend of higher values
at open water sites compared to tidal creek sites
was observed with respect to the mean number of
species collected per grab (RO = 22, RT = 19; p
= 0.473) and diversity (RO = 2.95, RT = 2.76; p =
0.272; Figure 3.4.2), although these differences were
not statistically significant. Values for diversity and
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mean number of species per grab are similar to those
reported for the 1999-2000 survey (Van Dolah et al.,
2002).
The abundance and percent occurrence of the 50
numerically dominant taxa collected at all stations
during 2001 and 2002 are presented in Table 3.4.2.
These taxa comprised 83% of the overall abundance
across all stations. The five dominant taxa across
both years and all station types accounted for more
than 35% of the total abundance and included the
polychaete Streblospio benedicti, the oligochaete
Tubificoides wasselli, and the polychaetes Scoletoma
tenuis, Mediomastus sp., and Parapionosyllis sp. S.
benedicti was not only dominant numerically, but was
found in 85% of the stations sampled. S. tenuis and
Mediomastus sp. were collected in more than half
of the sites sampled (59% and 55% of the stations,
respectively). The distributions of T. wasselli and
Parapionosyllis sp. were patchier; these taxa were
found in only 38% and 16% of the stations sampled,
respectively. Three of the five most numerically
dominant taxa collected in 2001-2002 were also
among the five dominant taxa collected in 19992000: S. benedicti, S. tenuis, and T. wasselli (Van
Dolah et al., 2002).
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Table 3.4.2.

Results and Discussion

Abundance (number per 0.04 m2 and number per m2) and percent occurrence of the 50 most numerically
dominant benthic organisms collected in 2001 and 2002. A = amphipod, M = mollusk, P = polychaete, and O =
other taxa.
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Figure 3.4.3.
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Abundance (number per m2) of three
numerically dominant species, Streblospio
benedicti, Tubificoides wasselli, and
Scoletoma tenuis, collected in benthic grabs
at open water and tidal creek stations during
2001-2002.

Among the open water stations, the five most
abundant taxa, S. benedicti, T. wasselli, Mediomastus
sp., Parapionosyllis sp., and the polychaete
Caulleriella sp., comprised more than 34% of the
total abundance. The five most abundant taxa at
tidal creek stations composed over 38% of the total
abundance. These included S. benedicti, S. tenuis,
T. wasselli, the polychaete Aphelochaeta sp., and
Caulleriella sp.
S. benedicti, the dominant taxon in both
open water and tidal creek habitats, was found in
significantly greater abundance at open water stations
than tidal creek stations (p = 0.038). The oligochaete
T. wasselli was the second most numerically dominant
species at open water stations, and was among
the five most abundant taxa at tidal creek stations.
Abundances of this species were not significantly
different between open water and tidal creek stations
(p = 0.173). S. tenuis was the second most abundant
species collected at tidal creek stations, and was
found in 49% of the open water stations, where it
ranked seventh in abundance. The abundances of
this polychaete were significantly different between
open water and tidal creek stations (p = 0.002; Figure
3.4.3).
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All benthic species were placed into one of four
groups (polychaetes, amphipods, mollusks, or other
taxa) to evaluate general taxonomic composition.
Polychaetes were the dominant taxonomic group,
comprising 65% and 75% of the total abundance
in open water and tidal creek stations, respectively
(Figure 3.4.4). Organisms in the “other taxa”
category, such as oligochaetes, nemerteans, isopods,
and decapods, comprised 17% of the total abundance
at open water stations, and 16% of the total abundance
at tidal creek stations. Amphipods comprised 11% of
the total abundance at open water stations and 5% at
tidal creek stations, while mollusks were the least
abundant taxonomic group (7% of total abundance
at open water stations and 4% at tidal creek stations;
Figure 3.4.4). Mollusk and amphipod abundances
were greater in open water habitats than tidal creeks,
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Figure 3.4.4.

Percent of total faunal abundance representing general taxonomic groups collected in benthic grabs at open
water and tidal creek sites during 2001-2002.

while the opposite trend was observed for polychaetes
and organisms representing the “other taxa” category.
Abundances of the different taxonomic groups
were not significantly different between habitat
types during the 2001-2002 sampling period (p >
0.05). Similar taxonomic composition was observed
during the 1999-2000 survey (Van Dolah et al.,
2002). Slightly higher percentages of polychaetes
were found in each station type in 2001-2002 when
compared to the 1999-2000 survey, with associated
decreases in the percent contribution of amphipods
and organisms in the other taxa category. Mollusk
abundances remained very similar across surveys.
The number of species falling into each general
taxonomic category varied by station type. Open
water stations had 134 polychaete species, 58 mollusk
species, 48 amphipod species, and 85 other taxa. The
taxonomic breakdown of tidal creek stations included

Figure 3.4.5.
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118 polychaete species, 44 mollusk species, 38
amphipod species, and 56 other taxa. The differences
in the number of species in these taxonomic groups
were not significantly different between tidal creek
and open water habitats (p > 0.05).
Several metrics summarizing benthic community
condition, including abundance, number of species,
and abundance of sensitive taxa have been integrated
into a single multi-metric benthic index of biological
integrity (B-IBI) that was developed for southeastern
estuaries to distinguish between degraded and
undegraded environments (Van Dolah et al. 1999).
The B-IBI is used as the primary measure of biotic
condition for the SCECAP program.
Benthic
invertebrate communities provide one of the best
measures of biotic condition because most of the
organisms are sessile, they have the greatest exposure
to poor sediment quality (e.g. elevated contaminants)

Estimates of the percent of the state’s coastal habitat representing benthic index of biological integrity (BenthicIBI) values that represent undegraded (> 2.5), marginally degraded (> 2.0 and < 2.5) or degraded (< 2.0) benthic
communities as developed by Van Dolah et al. (1999).
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since they live in the sediments, and they are exposed
to bottom waters, which often are of poorer quality
than the surface waters. Furthermore, the B-IBI
developed for this region has been demonstrated to
have a high correspondence with sediment quality
conditions.
The majority of South Carolina’s coastal habitat
sampled in 2001-2002 had B-IBI values > 2.5,
indicating undegraded benthos, which was the same
trend observed in 1999-2000 (Van Dolah et al., 2002).
Degraded benthos (B-IBI < 2.0) were observed at 3%
of open water habitats and 4% of tidal creek habitats.
In the 1999-2000 sampling period, the percentage
of habitat with degraded benthos (open water =
2%, tidal creek = 4%) was similar to the 2001-2002
values in both habitat types. Possible degradation of
benthos, with B-IBI values ranging from 2.0 to 2.5,
was found at 14% of the open water stations and 27%
of the tidal creek stations in the 2001-2002 survey
(Figure 3.4.5). These results indicate a 15% increase
in the percentage of habitat coding as fair in tidal
creek habitats, and a 2% increase in the percentage
of habitat coding as fair in open water habitats when
compared to the 1999-2000 survey (open water =
12%, tidal creek = 12%).
An examination of the trends in the B-IBI on an
annual basis also clearly indicate an increase in the

percentage of the state’s habitat falling in the fair
category in 2001 and 2002 (Figure 3.4.6). These
changes in benthic community condition over time
may be related to changes in sediment quality, since
we observed some increase in the percentage of
habitat coding as fair with respect to the integrated
sediment quality score in 2001 and 2002 (Figure
3.3.9). In contrast, the integrated water quality
score showed little change over the four-year period
evaluated (see Figure 3.2.15), and trends in the B-IBI
are unlikely related to these parameters.
Additional analyses were completed comparing
benthic measures within each sampling year to
determine if significant variability among habitat
types occurred. In 2001, no significant differences in
the abundance of benthic organisms, the number of
species per grab, or overall community diversity were
found between tidal creek and open water habitats
(p > 0.05). Each of these measures was similar in
tidal creek and open water habitats (abundance, RT
mean = 4,710 individuals/m2, RO mean = 4,095;
number of species, RT mean = 18 taxa/grab, RO
mean = 17; H’, RT mean = 2.8, RO mean = 2.7).
No significant differences in the abundances of
organisms falling in the general taxonomic groups of
polychaete, amphipod, mollusk, and other taxa were
found between habitat types (p > 0.05). Likewise,
no significant difference was found between habitat

Figure 3.4.6. The proportion of South Carolina’s estuarine habitat that ranks as good (green), fair (yellow), or poor (red) using
benthic index of biological integrity (Benthic-IBI) values developed by Van Dolah et al. (1999).
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types for the number of species falling into each
of these general taxonomic categories in 2001 (p >
0.05).
In 2002, the abundance of benthic organisms, the
number of species, and overall community diversity
were not significantly different between habitat types
(p > 0.05). Contrary to the trend observed for 2001
data, all of these measures were consistently higher
in open water than tidal creek habitats in 2002
(abundance, RT mean = 4,859 individuals/m2, RO
mean = 7,035; number of species, RT mean = 20 taxa/
grab, RO mean = 26; H’, RT mean = 2.7, RO mean
= 3.1). The abundances of organisms in each general
taxonomic group were not significantly different
between habitat types. The number of species in the
“other taxa” category was significantly higher in open
water stations than tidal creek stations (p = 0.042).
This trend appears to be driven by several decapod
and mysid species (n = 13 and n = 5, respectively)
that were found in open water habitats in 2002, but
not in tidal creek habitats. No statistically significant
difference in the number of species of polychaetes,
mollusks, or amphipods were observed between
habitat types (p > 0.05).
Finfish and Crustacean Communities
Estuarine waters provide important habitats
for a diverse and transitory finfish and crustacean
assemblage. These areas supply food, refuge from
predators, and valuable habitats that are utilized by
egg, larval, juvenile, and adult stages of a variety
of species (Joseph 1973, Mann 1982, Nelson et
al. 1991). The organisms inhabiting tidal creeks
encounter complex natural variations in physical,
chemical, and biological factors, in addition to
anthropogenic stresses from upland development.
These factors strongly influence the accessibility and
variety of estuarine habitats, consequently affecting
the distribution, diversity, and abundance of the
organisms occurring in estuarine habitats (Monaco
et al. 1992).
The trawl catch data collected during the 20012002 sampling period were generally based on
organisms that were larger than 2-3 centimeters in
size, and slow enough to be captured in the trawl
net used for the program. Abundance values were
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standardized to the number of individuals per hectare,
and can therefore be compared between habitat types,
even though trawls were shorter at tidal creek stations
(0.25 km) than open water stations (0.50 km). It is
important to note that the number of species and
diversity indices cannot be easily normalized using
the same process. However, as noted below, even
though tows in tidal creek habitats were shorter, these
areas consistently had a greater number of species per
trawl and higher overall community diversity (H’)
than open water stations.
A total of 14,631 organisms representing 63
species were collected by trawl during the 20012002 survey (data online). Mean abundance across
all stations ranged from four to 8,333 individuals per
hectare (average = 685 individuals/hectare). The
mean abundance in tidal creeks (924 individuals/
hectare) was nearly twice the mean abundance in
open water habitats (466 individuals/hectare), and
represented a statistically significant difference (p <
0.001). The trend of higher mean faunal densities
in tidal creek stations when compared to open water
stations was also observed in 1999-2000 (Van Dolah
et al. 2002). When comparisons between the 19992000 and 2001-2002 sampling periods are made
within station type with respect to mean abundance,
both open water and tidal creek abundances were
greater during the 2001-2002 sampling season.
The number of species collected across all
stations ranged from one to 14 per trawl (average =
6), and overall community diversity ranged from zero
to 2.91 (average = 1.62). Mean values for tidal creek
stations, even with shorter tow lengths, were slightly
higher than those observed in open water habitats
with respect to the number of species collected per
tow (RO = 5.9, RT = 6.3; p = 0.498) and diversity
(RO = 1.59, RT = 1.65; p = 0.777)(Figure 3.4.7),
although these differences were not statistically
significant. Similar trends were observed for both
species numbers and diversity in 1999-2000 (Van
Dolah et al., 2002).
The abundance (individuals per hectare)
and percent occurrence of the 50 numerically
dominant taxa across both habitat types in 2001
and 2002 are presented in Table 3.4.2. These
taxa comprised 99.9% of the overall abundance
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Figure 3.4.7. Mean abundance, number of species, and
overall community diversity (H’) collected
in trawls in open water and tidal creek sites
during 2001-2002.

across all stations, and included 22 recreationally
important species (indicated in bold text). The
five dominant species accounted for nearly 75%
of the total abundance, and were all recreationally
important species. These included white and brown
shrimp (Litopenaeus setiferus and Farfantepenaeus
aztecus), spot (Leiostomus xanthurus), Atlantic
croaker (Micropogonias undulatus), and silver perch
(Bairdiella chrysoura). White shrimp and spot were
found at more than half of the stations sampled, and
were present at a larger number of tidal creek stations
than open water stations (white shrimp, 48% of open
water stations and 62% of tidal creek stations; spot,
65% of open water stations and 78% of tidal creek
stations). Brown shrimp, also collected at over 50%
of the stations overall, were found at a roughly similar

Figure 3.4.8.
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numbers of open water (67%) and tidal creek stations
(62%). Atlantic croaker and silver perch were found
at fewer than half of the stations sampled. Atlantic
croaker were collected at a greater number of open
water stations (57%) than tidal creek stations (35%),
while the opposite trend was observed for silver perch
(30% of open water stations, and 58% of tidal creek
stations). Four of the five most numerically dominant
taxa collected in 2001-2002 were also among the five
dominant taxa collected in 1999-2000: L. setiferus, F.
aztecus, L. xanthurus, and B. chrysoura (Van Dolah
et al., 2002).

Mean abundance of two recreationally important species, white shrimp (Litopenaeus setiferus) and spot
(Leiostomus xanthurus), collected in trawls in open water and tidal creek habitats during 2001-2002.
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Within open water stations, the five numerically
dominant species, white shrimp, brown shrimp,
Atlantic croaker, spot, and star drum (Stellifer
lanceolatus), comprised more than 76% of the total
abundance. The five dominant taxa in tidal creek
habitats, comprising more than 82% of the total
abundance, were white shrimp, brown shrimp, spot,
silver perch, and pinfish (Lagodon rhomboides).
White shrimp, the most abundant species in both
open water and tidal creek habitats, were found in
significantly greater numbers at tidal creek stations
(p = 0.010; Figure 3.4.8). The abundance of white
shrimp displayed a similar pattern in the 1999-2000
survey (Van Dolah et al., 2002). The abundance of the
second most numerically dominant organism, brown
shrimp, was not significantly different between open
water and tidal creek habitats (p = 0.532). Atlantic
croaker, which ranked third in abundance at open
water stations and eighth in abundance at tidal creek
stations, were not found in significantly different
densities in open water and tidal creek habitats (p =
0.035). Spot was the fourth most abundant species in
open water habitats, and ranked third in abundance
at tidal creek stations. The abundance of this species
was greater in tidal creek habitats than open water
stations at statistically significant levels (p = 0.015;
Figure 3.4.8).
Differences in the finfish and crustacean
communities between tidal creek and open water
habitats may be explained by gear effectiveness in
different habitat types, as well as by the physiological
and behavioral response of different species and life
stages to the physical characteristics of these habitats.
Due to the smaller size of tidal creeks compared to
open water areas, a trawl may be more efficient in
collecting organisms in these areas. In some tidal
creeks, the trawl extended from bank to bank and
would have likely entrained every organism in its
path. Jutte et al. (2004) analyzed SCECAP trawl data
collected in tidal creeks from 1999-2002, and found
that increases in various trawl biological metrics (e.g.
overall abundance, abundance of Atlantic croaker,
number of species) were most strongly linked to
low dissolved oxygen levels, high turbidity levels,
and a large number of rivulets. The increased faunal
abundance and number of species in tidal creek
habitats where low dissolved oxygen levels were more
common (Figure 3.2.2) suggests that these organisms,
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whose tolerance of low oxygen levels varies among
species and life stage (Dorfman and Westman 1970,
Burton et al. 1980, Wannamaker and Rice 2000), may
be using tidal creek habitats as refuges from predators.
Estuarine organisms have also been documented to
opportunistically feed on benthic infauna that emerge
as a result of hypoxic conditions (Llanso 1992, Pihl
et al. 1992), which might also explain the increased
densities of fish and crustaceans in shallow tidal
creeks with low dissolved oxygen levels. Another
alternative hypothesis is that species inhabiting these
creeks suffer from physiological effects related to
low dissolved oxygen levels that reduce their overall
fitness, and consequently they are more susceptible to
capture by the trawl net. Increased ventilation rates
in poorly oxygenated waters can affect allocation of
energy to various metabolic activities, and result in
reduced fitness (Steffensen et al. 1982, Kramer, 1987;
Pihl et al. 1991). Finally, the depths of some creeks
may be too shallow for large predators to utilize
(Kneib 1987, Baltz et al. 1993), and the increased
turbidity levels found at these sites (Figure 3.2.12)
may create increased protection against predators
(Baltz et al. 1993).
More than 12,050 recreationally important fish
and crustaceans were collected during the 2001-2002
sampling season. These taxa, representing 24 species
of fish and crustaceans, accounted for 84% of the
total abundance of organisms collected (Table 3.4.3;
data online). In the 1999-2000 survey, recreationally
important taxa comprised 75% of the total abundance
of organisms collected. Recreationally important
taxa were significantly more abundant in tidal
creek habitats (average = 800 individuals/hectare)
than open water areas (368 individuals/hectare; p =
0.013) during the 2001-2002 survey. The number
of recreationally important species collected in open
water (average = 3.4 species/trawl) was very similar
to the number encountered in tidal creek habitats (3.8
species/trawl), and the difference was not significant
(p = 0.231). However, as noted previously, unlike
abundance estimates, species counts cannot be
normalized for trawl length, and open water trawls
were twice the length of trawls made in tidal creeks.
The mean lengths of the three dominant taxa
collected during the 2001-2002 survey were
analyzed to determine if any relationship existed
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The abundance (number per hectare) and percent occurrence of the 50 numerically dominant taxa collected by
trawl during 2001 and 2002, which represent 99.9% of the overall abundance. Recreationally important taxa are
in bold text.
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between organism size and habitat type. White
shrimp, brown shrimp, and spot collected in open
water habitats had significantly greater lengths than
those collected at tidal creek stations (p < 0.05). To
assess the association between organism length and
station depth, non-parametric correlation analyses
(Spearman’s Rho and Kendall Tau b) were completed.
White shrimp lengths displayed a positive correlation
with station depth (correlation coefficient = 0.35, p <
0.05). A positive correlation with station depth was
also observed with respect to brown shrimp length
(correlation coefficient = 0.26, p < 0.05). The mean
length of spot was not significantly correlated with
station depth (p > 0.05). These results support the
premise that smaller, and typically shallower, tidal
creek habitats do serve an important function as
nursery habitat.
Analyses of trawl data were also conducted to
determine if significant variability occurred between
habitat types within sampling year. In 2001, trawl
catches had significantly greater mean abundances
in tidal creek habitats than open water habitats (p
= 0.002). The mean number of species and overall
community diversity were also greater in tidal
creek habitats, although these differences were not
statistically significant (p > 0.05). White shrimp,
brown shrimp, spot, and silver perch abundances
were all greater in tidal creek habitats than open
water sites in 2001 catches. These differences were
significant with respect to spot (p = 0.043) and
silver perch (p = 0.007). The trend was reversed in
Atlantic croaker, where abundances in trawl catches
were greater at open water stations than tidal creek
sites. When analyses of 2001 catches were limited
to recreationally important species, results indicated
that significantly greater abundances of these
organisms were collected in tidal creeks than open
water habitats (p = 0.004), although the number of
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recreationally important taxa collected in each habitat
type was similar (p > 0.05).
Comparisons between habitat type for trawl
catches collected in 2002 were similar to those
collected in 2001. In 2002, the abundance of fish
and crustaceans collected by trawl in tidal creeks
was significantly greater than the catch in open
water habitats (p = 0.013). Community diversity
and species numbers were not significantly different
between habitat types (p > 0.05). With respect to
dominant taxa collected in the 2002 sampling season,
white shrimp, brown shrimp, spot, and silver perch
were found in greater abundances in tidal creeks than
open water habitats. Abundances of white shrimp
and silver perch represent statistically significant
differences between habitat type (p = 0.048, and p =
0.005, respectively). Abundances of Atlantic croaker
were significantly higher in open water habitats than
tidal creeks (p = 0.014). Recreationally important
fish and crustaceans collected by trawl in 2002 were
found in significantly higher abundances at tidal
creek versus open water stations (p < 0.001), but
the number of species was not significantly different
between habitat types (p > 0.05).
The lower 50th, 25th, and 10th percentiles of mean
abundance/hectare, mean species number, and mean
community diversity (H’) in open water and tidal
creek habitats are presented in Table 3.4.4. Four open
water stations fell below the 10th percentile for each
of these metrics: RO026016, RO026026, RO026018,
and RO026290. Two tidal creek stations, RT022030
and RT022007, had mean abundance/hectare and
mean species numbers below the 10th percentile,
while no stations were below the 10th percentile for all
three metrics. Two of these six stations (RO026016
and RT022030) had no catch in one of the two
replicate trawls, although the trawls were considered

Mean values and the 10th, 25th, and 50th percentiles for abundance/hectare, number of species collected, and
overall community diversity (H’) values for open water and tidal creek sites.
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to be valid tows by field crews. Based on the overall
integrated measure of habitat quality (Appendix 2),
all but one of these six stations was coded as having
good habitat quality. Station RT022007 was coded as
having fair habitat quality, with an overall good water
quality score, but fair condition for both sediment
and biological quality. A review of the environmental
parameters associated with the six stations that had
two to three trawl metrics falling in the lower 10th
percentile showed that one or more parameters were
elevated in most cases. These parameters included
high contaminant ERM-Q, a toxic bioassay, poor
benthic index of biological integrity (B-IBI), and/
or water quality parameters above the 75th or 90th
percentile for fecal coliform bacteria and pH.
Additional analyses were conducted to determine
if significant trends in blue crab (Callinectes sapidus)
abundances were observed during the survey due to
the population problems that have been observed
for this species in the state of South Carolina and
along the eastern seaboard (Eggleston, 2003). The
mean abundance of blue crabs in tidal creeks (5.4
individuals/hectare) was greater than the mean
abundance in open water habitats (1.1 individuals/
hectare), although this was not a statistically
significant difference (p > 0.05). The abundances
of blue crabs were also not significantly different by
year when habitat types were analyzed together (p >
0.05).
As part of a related study to SCECAP, a
preliminary estuarine biotic integrity (EBI) index was
developed using finfish collected in trawl catches in
tidal creek habitats from 1999-2002 (Moy in prep.).
Multimetric index approaches have proven to be
more effective for environmental assessments than
relying solely upon independent metrics (e.g. Karr,
1991; Yoder and Rankin, 1995; Deegan et al., 1997)
or multivariate analyses (e.g. Fausch et al., 1990;
Van Dolah et al. 1999). The EBI index incorporated
nine metrics describing the finfish community
(overall density, number of taxa, species diversity
(H’), percent dominance of the most abundant
species, number of estuarine nursery taxa, number of
estuarine resident taxa, number of estuarine spawning
taxa, percent of benthic-dwelling taxa, and density
of flounder) and was modified from approaches
developed by Deegan et al. (1993, 1997) and Meng
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et al. (2002). Analyses conducted to date indicate that
while various fish community metrics were sensitive
to environmental quality, the EBI index had high
error rates and did not adequately reflect estuarine
biotic integrity. These high error rates were due in
large part to the lack of variation in the environmental
quality of tidal creek stations sampled during 19992002. However, the EBI index should prove to be
a useful tool in the future, particularly as data from
ongoing SCECAP sampling, as well as results from
other NCA-funded studies in neighboring states,
can be incorporated to further develop the index.
Historically, macroinvertebrates have been popular
indicators for surveying environmental conditions,
and a benthic index of biological integrity (B-IBI)
has been successfully developed for the southeastern
region to distinguish between degraded and
undegraded environments (Van Dolah et al., 1999).
The SCECAP program currently uses this B-IBI as the
single measure of biological impairment. Therefore,
while SCECAP will continue to collect and interpret
the finfish community found in trawl catches, for
the present time the program will rely solely on the
B-IBI to evaluate the biological condition of South
Carolina’s estuarine habitats.

Contaminant Levels in Fish Tissue
The bioaccumulation of contaminants such
as DDT and methyl-mercury are issues of both
local and national concern. In estuarine systems,
many organisms including shrimp, crabs, and fish
can be exposed to contaminants through contact
with polluted sediments. While the areal extent
of polluted sediments in South Carolina is low
when compared to more developed estuaries in the
Northeast or Gulf states (USEPA, 2001) there is still
the potential for bioaccumulation of contaminants.
Of primary concern from a human-health standpoint
is methyl-mercury. However, other contaminants
such as chromium, PAHs, PCBs, DDT and other
pesticides, all have the potential of bioaccumulating
in animal tissue. In general, the fish collected by
SCECAP are small (2-10 cm) so whole fish are
processed rather than just the fillets to better represent
bioaccumulation.
For the 2001-2002 sampling period, fish
tissues were collected at 48 and 53 of the stations,
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respectively. The target species were spot (Leistomus
xanthurus) and croaker (Micropogonias undulatus),
both bottom feeders, with other species such as
silver perch and pinfish substituted when the two
target species were not collected (data online). A
few stations each year had no appropriate species for
tissue contaminant analysis (2001, n = 7; 2002, n =
9).
Because the SCECAP data are difficult to compare
to existing standards for fish tissue (generally only
edible tissues are tested), an approach was used to
identify individual contaminants that exceeded the
90th percentile of the data set (2000-2002). Once
contaminant values greater than their respective
90th percentile were identified at each station, the
total number of exceedences at each station was
generated (data online). Exceedence values ranged
from zero (no contaminants exceeded their respective
90th percentile value) to 31 exceedences at station
RT01650.
Of the seven random stations that had 16 or more
exceedences, three of the stations were in urbanized
rivers (RT01650 in Little River Inlet and RO026030
and RT01628 in the Ashley River). The final four
stations were in the Wando River (RO01162), South
Santee River (RO026004), North Inlet (RT01645),
and the Whale Branch (RO01132), which were
in relatively pristine locations. However, except
for the station in the Whale Branch, these stations
were adjacent to heavily urbanized or industrialized
estuaries (Charleston Harbor or Winyah Bay). When
compared to the 2000 data in the 1999-2000 survey,
there were a similar number of stations with a high
number of exceedences (4 stations in 2000). For all
three years, it was generally PAH and PCB compounds
that exceeded their respective 90th percentiles. This
may be primarily driven by the patchy nature of these
contaminants. Most stations will have non-detectible
concentrations of PCBs and PAHs and only a few
stations will have high concentrations. In general,
southeastern estuaries have lower tissue contaminant
levels when compared to estuaries on the Northeast,
West or Gulf coasts (EPA, 2001; EPA, 2004), which
reflects the overall lower level of pollutants in SE
estuaries.
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4.5 Incidence of Litter
At each station, a visual census of litter was
completed. Included in the census was material
found floating or caught in the edges of the marsh. It
also included litter and pieces of crab trap caught in
the trawl.
During the 2001-2002 survey, a total of 18 of
the 115 random stations had some type of litter.
Broken down by habitat type, six of the open water
stations and 12 of the tidal creek stations had litter
(representing 8% and 20% percent of each habitat
respectively based on CDF analyses). The difference
is probably related to the relative proximity of tidal
creeks to upland areas and probable source of litter,
combined with the fact that tidal creek marsh surface
and banks are more likely to retain trash that is
viewable compared to open water sites not close to
any shoreline.
When compared to the 1999-2000 survey, there
was a much higher percentage of litter in 2001-2002.
This trend will need to be carefully monitored in the
future as increased human activity in our estuarine
waters is likely to result in an increase in the litter
problem.

4.6 Integrated Measures of South Carolina’s
Estuarine Habitat Quality
A primary goal of SCECAP is to combine
integrated measures of water quality, sediment quality,
and biological condition into an overall measure of
habitat quality at each site and for the entire coastal
zone of South Carolina. Multi-metric measures
provide a more reliable assessment than any single
measure or group of measures representing only one
component of the habitat. For example, poor or fair
water quality based on state standards or historical
data may not result in any clear evidence of impaired
biotic communities. Many of the state’s water
quality standards are intentionally conservative to be
protective and some contravention of these conditions
are not severe enough to represent impairment.
Similarly, fair or poor sediment quality may not result
in degraded biotic condition because the organisms
are either not directly exposed to the sediments (e.g.
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phytoplankton, fish) or because the contaminants are
not readily bioavailable to the animals. When two
or more of the three measures (e.g. water quality,
sediment quality, or biotic condition) are only fair
or poor, there is increased certainty that the habitat
may be limiting. This “triad” approach to measuring
overall habitat quality has been or is being used
in many other monitoring programs assessing the
health of coastal environments (e.g. Chapman, 1990;
Chapman et al., 1991; USEPA, 2001).
The overall index of habitat quality was modified
for the 2001-2002 survey to better reflect possible
impairment of coastal habitats. In the 1999-2000
survey, a site had to have poor scores for all three
components (i.e. water, sediment, biota) in order for
overall habitat quality to be scored as poor. None
of the sites sampled in the first four years of this
program met these criteria, suggesting that they
are too restrictive. Additionally, for the 2001-2002
assessment, the final score of each component was
adjusted to contribute equal weight to the overall
habitat condition score (see Figure 3.6.1). This
eliminated the problem of unequal score values
representing the same condition level (i.e. good, fair,
or poor) for the different components, which occurred
with the original index used for the 1999-2000 survey
period. Using the new scoring process, a site scores as
poor if two or more of the habitat quality components
score as poor, or if one component scores as poor and
the other two are only fair. A site is considered to be
fair if two or more of the habitat quality components
are fair or only one component is poor. An example
of the scoring process is shown in Figure 3.6.1 for
station RT01654.

Using the revised scoring approach, approximately
2% of South Carolina’s open water and none of the
tidal creek habitats coded as poor in overall habitat
quality (Figure 3.6.2). An additional 17% of open
water habitat and 24% of tidal creek habitat coded
as fair in overall habitat quality. The overall habitat
quality scores for each of the stations sampled in 2001
and 2002 are presented in Appendix 2. In addition,
the integrated water and sediment quality scores and
B-IBI scores are presented, along with the scores for
each component parameter. Scores and component
parameters are color coded red for poor, yellow for
fair, and green for good.
The higher percentage of tidal creek habitat that
coded as fair compared to open water habitats is likely
due to the fact that these shallow wetland habitats
are often the first areas impacted by anthropogenic
stresses from upland development (Holland et al.
1997, Sanger et al. 1999a,b, Van Dolah et al. 2000).
For example, a larger percentage of the tidal creek
habitat coded as fair or poor for contaminants and
toxicity tests compared to the open water habitat (see
the sediment quality section). Chemical contaminants
are adsorbed to small particles of sediment, so these
results may, in part, be due to the greater percentage
of tidal creek habitats with muddy sediment
composition when compared to open water habitats
(Figure 3.3.1). Tidal creeks are also more stressful
habitats with respect to water quality when compared
to open water habitats (see the water quality section).
Since the thresholds that are currently being used for
many of the water quality parameters were developed
from data collected primarily from open water
habitats, these thresholds may be overly restrictive in

Figure 3.6.1.
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Figure 3.6.2.

some cases where naturally stressful conditions occur
in smaller tidal creeks.
The 2001-2002 array of stations is presented in
Figure 3.6.3 – 3.6.5 with each station color-coded
based on the overall integrated habitat quality score
(Appendix 2). During the 2001-2002 survey, only
one randomly located station (RO026010) had a poor
overall habitat quality score. This site was located
in Winyah Bay near the mouth of the intracoastal
waterway (ICWW). The site had fair water quality
and poor sediment quality and benthic community
condition. This site was located near dredge disposal
areas, which may have contributed to the poor habitat
condition. One other non-randomly located site
in Georgetown Harbor turning basin also had poor
overall habitat quality (see next section).
Five of the 14 (36%) randomly located stations
sampled in the northern portion of the state during
2001-2002 were only fair in overall habitat quality,
with the remaining sites (64%) having good overall
habitat quality (Figure 3.6.3). Three of the sites that
coded as fair were located in the Winyah Bay estuarine
system and the other two were located in the Santee
River system. The sites in Winyah Bay generally had
good to fair water quality, fair sediment quality, and
good to poor benthic community condition. The sites
in the Santee River system generally had good water
quality, but only fair sediment quality, and fair to poor
benthic community condition.
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E s t i m a t e d
percentage
of
South Carolina’s
estuarine
tidal
creek and open
water habitat that
is in good, fair,
or poor condition
using
an
average of water,
sediment,
and
biological quality
scores developed
for the SCECAP
monitoring effort.

Of the 36 randomly located sites sampled in the
central portion of the state’s coastal zone, five (14%)
ranked as fair in overall quality, and the rest (86%) had
good overall habitat quality (Figure 3.6.4). All except
one of the fair sites were located in the Charleston
Harbor estuary, with three of those sites located in
proximity to industrial areas in either the Cooper or
Ashley Rivers. Water quality at these sites ranged
from good to fair, sediment quality was consistently
in the fair range, and benthic community condition
ranged from good to fair (Appendix 2). Three of the
five non-random sites sampled in this estuary (lower
portion of Shem Creek, Ashley River in Brickyard
Creek, and near the Columbia Nitrogen Plant) had
fair or poor overall habitat quality (see next section).
In the southern portion of the state, 12 of the 66
randomly selected sites (18%) were fair in overall
habitat quality, and the remaining sites had good
overall habitat quality (Figure 3.6.5). Nine of these
sites were located in tidal creeks. Two tidal creek
sites (RT01603 located in the Old Chehaw River and
RT022005 located in Fishing Creek off the Dawhoo
River cut) had poor water quality, but fair to good
sediment quality and benthic community condition
scores. One site (RT02153 in the upper Okatie River)
had poor biotic condition but good water and sediment
quality. None of the other sites sampled in this region
had poor scores for any of the three habitat quality
components. This may reflect the pattern of higher
urban and industrial landuse in the Winyah Bay and
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Distribution of open water and tidal creek stations sampled in the northern portion of the state during 2001-2002
that had an integrated habitat quality score of “good”, “fair”, or “poor” based on an integrated measure of water
quality, sediment quality, and biotic condition.

Charleston Harbor area relative to the southern part
of the state that does not have as much urban and
industrial development.
As discussed earlier in the report, the parameters
used to generate the integrated water quality scores
and the overall calculation of the integrated habitat
quality score for the 2001-2002 survey were updated
from the methods used in the 1999-2000 survey (Van
Dolah et al., 2002). Therefore, a direct comparison
among survey periods of the number of stations with
overall integrated habitat quality classified as poor or
fair must involve the application of the 2001-2002
approach (Figure 3.6.1) on the earlier 1999-2000
datasets. Using this new approach, we did not see a
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major change in the percentage of the state’s estuarine
habitat that was considered to be good, fair, and poor
over the four year period sampled to date (Figure
3.6.6). As noted earlier in the report, very little change
was observed over the four-year period with respect
to the water quality score (Figure 3.2.15), although a
general trend of increasing habitat coded as fair was
observed with respect to sediment quality (Figure
3.3.9) and benthic community condition (Figure
3.4.6). During this time period, South Carolina has
experienced an unusual drought period that would
have reduced the amount of runoff from upland to
wetland habitats, and undoubtedly influenced many of
the individual measures collected. Conditions during
years with more normal rainfall may change the
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Distribution of open water and tidal creek stations sampled in the central portion of the state during 2001-2002
that had an integrated habitat quality score of “good”, “fair”, or “poor” based on an integrated measure of water
quality, sediment quality, and biotic condition.

overall assessment of the state’s coastal condition.

the targeted creek, and was changed to a non-random
designation.

3.7 Non-random Stations
During the 2001-2002 sampling period, a subset of
seven non-random stations were sampled in addition
to the random array of 115 stations. Three of these
stations (NO01098, NO01099, and NO026302) were
collected in open water habitats, and the remaining
four stations were collected in tidal creek habitats
(NT01598, NT01599, NT01651, and NT022301).
With the exception of NT01651, non-random stations
were selected due to their location in areas that were
suspected to be impacted by land use activities.
Station NT01651 was erroneously sampled at outside
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As discussed earlier in the text, non-randomly
located stations were not used to estimate the
proportion of South Carolina’s coastal habitat that
coded as good, fair, or poor condition with respect
to various measures, nor were they used to generate
mean values for various parameters measured (data
online). However, these non-random stations provide
important information on areas within the state where
degraded conditions are suspected to exist. These
data can be used to further develop threshold values
for integrated measures, and provide insight on the
response and interaction of various measures in
impacted areas.
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Figure 3.6.5. Distribution of open water and tidal creek stations sampled in the southern portion of the state during 2001-2002
that had an integrated habitat quality score of “good”, “fair”, or “poor” based on an integrated measure of water
quality, sediment quality, and biotic condition.

Among the four non-random stations located
in tidal creeks, two had a good overall habitat
quality score, and the other two had poor habitat
quality (Appendix 2, Figures 3.6.3 – 3.6.4). Station
NT01651, the station that was not targeted in a
potentially degraded location, but rather sampled by
error in the wrong location, scored good for water
quality, sediment quality, and biotic condition. The
other tidal creek station (NT01598) that had good
overall habitat quality was located near the mouth of
Shem Creek in the central region of the state, and also
had good scores for water quality, sediment quality,
and biotic condition. The two non-random tidal
creek stations with poor overall habitat quality were
located in the central region of the state in Brickyard
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Creek (NT01599) and in Shem Creek below Coleman
Boulevard (NT022301). The station in Brickyard
Creek had poor water quality and fair sediment
quality and biotic condition. The station located in
Shem Creek had fair water quality, but poor sediment
quality and biotic condition.
Two of the three non-random stations located in
open water habitats were located in the central region
of the state (Ashley River, NO011098; Wando River,
NO026302), with the remaining station located in
the northern region of the state (Georgetown Harbor,
NO011099). The Ashley River station had a fair
integrated habitat quality score, and was considered
to have good water quality and biotic condition,
but a poor sediment quality score. This station was
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Figure 3.6.6.

Summary

The proportion of South Carolina’s estuarine habitat that ranks as good (green), fair (yellow) or poor (red) using
the integrated habitat quality score when tidal creek and open water habitats are combined and compared on an
annual basis.

located near both the Columbia Nitrogen Plant and
the Koppers Plant, both of which are EPA Superfund
(CERCLA) sites. The station located in the Wando
River was located near Deyten’s Shipyard. This site
had good overall habitat quality, with good water
quality and biotic condition scores, and fair sediment
quality. The station in Georgetown Harbor had poor
integrated habitat quality, with poor water quality
and biotic condition and fair sediment quality. This
area was also found to be fair in quality during the
1999-2000 survey based on the earlier approach for
calculating overall integrated habitat quality scores
(Van Dolah et al., 2002).
3.8 Summary
The detailed information on water quality,
sediment quality, and biotic condition collected
during 2001-2002, in addition to previous and
future SCECAP sampling efforts, provides a
valuable database on the current status of South
Carolina’s tidal creek and open water habitats. The
program samples areas with no clear evidence of
anthropogenic input, as well as areas near industrial
and residential development. Through the addition
of non-random stations, areas that are of particular
concern can be evaluated in relation to a larger statewide database. The SCECAP database also provides
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a valuable measure of the proportion of the state’s
coastal habitat that is good, fair, or poor with respect
to the various measures collected. Moreover, the
quality of South Carolina’s coastal habitats can be
tracked over time, and can be compared to ongoing
assessments in neighboring states being conducted
in partnership with the EPA’s National Coastal
Assessment Program.
The SCECAP program will continue to produce
summaries of South Carolina’s coastal condition
every two years to evaluate change over time.
Future sampling will also provide an opportunity
to statistically evaluate conditions within some of
the larger drainage basins, such as Winyah Bay,
Charleston Harbor, Port Royal Sound, or within
specific areas of interest such as Georgetown
County, Charleston County, Beaufort County, etc.
Defining criteria for good, fair, and poor conditions
with respect to water quality, sediment quality, and
biological measures is an evolving process, and will
continue to be re-evaluated as the SCECAP dataset
continues to grow. Likewise, the threshold values use
to develop the integrated measures may be revisited
in the future in an effort to more accurately classify
degraded and healthy habitats.
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