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PREFACE

The South Caroling Sca Granl Consortium, with support from the Natianal Oceun Poltmion Program Office of the
National Oceanic and Atmespheric Administration, LS. Department of Commerce. organizad and managed o project
involving scientists from the Marine Resources Research [nstitute (SC Wildiite and Murine Resources Depanment) and
the Belle W, Barueh Institute (University of South Carolina) fo charucterize three South Carolina estuaries - Charleston
Harhor, North Inlet and Winyah Bay. The results of this iwo-year study are presented in twu volumes. each preceded by

an Exccutive Summary.

Valume | includes the Executive Summary and detailed information and analyses tor Charleston Harbor, winde Voiume

1l includes the Exceutive Summary and the resuits for North Inlet and Winydh Bay.

Kevin B, Davis and Robert F. Van Dolab of the SC Wildlife and Marine Resources Department researched and wrate on
Charleston Harbor Estuary. The report on North Inlet and Winyah Bay was prepared by Elizabeth R. Blood and F. John
Vemberg of the University of South Carolina. The Exceutive Summary was prepared by M. Richard DeVoe of the 5C
Seu Grant Consorium with the assistance ol Katherine H. Deak. All documents were copyedited by Anne Miller
(Lniversity of South Carolina) and M. Richard DeVoe and word processed by Cheryl Nybras (University of South

Carolina).

The project investigators and siaff thank Dr. Larry Pugh. National Ocean Pollution Program Oftice, for his insight.

guidance and patience, without which this etfort would have been most difficult 1o complete,
This rescarch was supported by the National Ovean Pollution Program (OHfice. NOAA, U.S. Department of Commerce.

under Grant Nos. NASSAA-D-SG 121, Amendment 5 and NAGOAA-D-SGTY0. Amendment 2. and the 5.C. Seu Grani

Consurlivm.

Cover Plhiow; Colos compostte based on Landsat TM of the Winyah Bay wd Nerth Liiwt estuanies,
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INTRODUCTION

Estuaries are an extremely important resource
which serve a multitude of often competing constitu-
encies. The over 850 estuaries located along the
nation's coasts serve as important nursery grounds
and habitat for a variety of finfish, shelifish, and
other aquatic organisms. The shores of estuaries are
also prime sites for cities, business and indusiry,
military facilitieg, and ports. Multiple uses of eswuar-
ies are expected to intensify as more of the popula-
tion continues to move Lo the coastal arcas.

Due, in part, to these increasing pressures, a
number of federal- and stale-sponsored programs
(e.g., coastal zone management, fisheries manage-
ment, water quality standardization) were developed
in the late 1960's and early 1970's. Their underlying
goal is the protection and, in some cases, rehabilita-
tion of estuarine systems. It is paramount that infor-
mation on the complex interaction of physical, chemi-
cal, biological, and geological processes in estuaries
be devcloped to allow a better understanding of the
behavior of estuarine systems and improved capabit-
ity to manage them. Unfortunately, the diversity of
research efforts conducted in our nation’s estuaries
has often been restricted along specific disciplinary
lines, and few comprehensive stadies have been at-
tempted 1o date. As a result, estuarine management
has usually focused on specific sites and particular
needs, thus limiting evaluations of how effective
estuarine management ¢fforts have been,

In a recent review of estuarine research, the
National Research Council’s (NRC) Pane!l on Estua-
rine Rescarch Perspectives indicated that although
estuarine systems are undergoing continuous change,
there are not many scientific studies which can ad-
equately demonsirate such changes in particular es-
tuaries (NRC 1983). The Pane! further stated that il
is difficule, if not impossible, to relate such changes,
if they can indeed be accurately documented, to
“some One or more causes, anithropegenic or other”
(NRC 1983). They suggested that comparative stud-
ies of estuaries be conducied in urbanized areas and
in less-developed regions where climatic and topo-
graphic characleristics are similar 1@ “provide an
insight into the long-term effects of anthropogenic
stresses in the absence of {(or as a supplement to)
histerical records™ (NRC 1983).

The South Carplina Sea Grant Consortium. with
supporl from the National Marine Pollution Program
Office (National Oceanographic and Atmospheric
Agency), coordinated the development and imple-
mentation of a project invoiving researchers from
the Marine Resources Research Institute (SC Wild-
life and Marine Resources Department) and the Belle
W. Baruch Instizute for Marine Biology and Coastal
Research (University of Souih Carclina)toconducta
characterization study and analysis of three South
Carolina estuaries.

OBJECTIVES AND RATIONALE

The overall goal of the project was to conduct a
sysiematic revicw and comparison of the long-lerm
trends (15-year period) in land and water use patierns
and biological and physical changes of Charleston
Harbor, North Inlet and Winyah Bay, three important
South Carolina estuarine systems. The analyses
sought to relate these trends to changes in potlutant

concentration loadings and the resoltant effects on
the living marine resources of the two systems. Spe-
cific objectives of this assessment were

{1 tocompile and synihesize data and informa-
tion sources available for the review period and,
where possible, evaluate lfong-term trends 10 land

and water use¢ patterns, water quality, and Jiving



aquatic resources for each estvary;

(2) 1o where possible, correlate changes in his-
1orical use patierns with observed effects on the
living marine resources; and

(3) to compare the trends from each estuary in
a fashion which will be most useful to estuarine

managers and scicntists.

Charleston Harbor, North Inlet, and Winyah
Bay ¢stuarics are quite different with respect to hu-
man influgnce. The Charleston Harbor Estuary is
located midway alang the South Carolina coastline
and is formed by the confluence of the Ashley, Coo-
per. and Wando rivers. The ares surrounding the
harbor is heavily populated and highly developed,
with numerous urban, suburban, industrial, and mili-
tary sites. Sources of pollution to the estuary include,
for exampie, runaff from municipal and suburban
areas, seplic tanks overflows, sewage discharges,
industrial outfalls, and runoff from agricultural areas
{Mathews et al. 1980). However, far and above the
mast significant environmental perturbation 1o af-
fect the Charleston Harbor Estuary was the diversion
of more than 80% of (he Santec River flow (o the
Cooper River in 1942 (see Kjerfve 1976; RPI 1980)
and the recent rediversion of this water back ingo the
Santee River beginning in 1985 (US Army Corps of
Engineers Santec Rediversion Project).

The continual buitdup of sediments which oc-
cursin the Charlesion Harbor and its river tributaries
1s derived from marsh erosion and requires mainte-
nance dredging and removal. The harhor basin is
usually dredged and maintained af 2 depthof 10.7 m.
Upon completion of the Charleston Harbor Deepen-

iy Project in 1995, this depth will increase 10 12.2
m.

The North Inlet estuary was chosen as our sec-
vad system for study because it is a prime example of
4N estuary with minimal anthrepogenic influence.
Notth Inlet is located in Georgeiown, South Carg-

lina, and is par of the 17,500-acre Hobcaw Barony
which is characterized by an estuarine-marsh com-
plex and vpland forest. Itis a relatively undisturbed
estuary, most of the marsh and adjacent uplands are
undeveloped and owned by private foundations which
have established these lands in perpeluity for conser-
vation and research. North Inlet, with intermitient
freshwater inpul and little salinity stratification, is
classified as a 1A estuary. An important aspect of
Norh Inlet is that the high quality of this area was
recognized by the Experimenial Ecology Reserve
Project, TIE, which rated it at 98% for site quality.
The North Inlet system was also the first marine site
selected 10 participate in the National Science
Foundation’s Long-Term Ecological Research Pro-
gram (LTER).

However, Norih Inlet Estuary faces future pol-
lution pressures from two primary sources: Winyah
Bay and coastal development activities. The Winyah
Bay watershed is approximately 18,000 mi®. Fresh-
waler input into Winyah Bay estuary ranges from
2,000 1o 100,000 cubic feet per second (cfs), with a
mean runoff of 15,000 cfs. Water quality is influ-
enced by the City of Georgetown through the Sampit
River, which receives discharges from waste treat-
meni planis, a pulp mill, and a steel mill. Pollutant
loadings from the Pee Dee, Waccamaw, and Black
rivers into Winyah Bay are dominated by agricultaral
runoff, with additional inputs from wastewater treat-
ment plants. Most importantly, however, about 20%
of 1he water exchange in Norcth Inict is through tidal
creeks associated with Winyah Bay, Wind direction
and river discharge influence the quality and quan-
tity of water entering North Inlet from the bay. Be-
cause of Winyah Bay’s proximity to and influence
upon North Inlet, it was added to the study.

The second poteniial source of pollutants which
could affect the North Inlet sysiem may come from
increased coastal development. Several years ago,

approximately one-quarter of the North Inlet water-



shed was zoned for urban development. Abowu 2,300
dwelling units will be constructed, along with one or
two golf courses. Surface water drainage has been
significantly modificd and plans are being consid-
ered to modify existing wetlands on the property
zoned for urban development. Additionally, modifi-
cation of existing tidal creeks has been proposed.
These actions may have visible effects on the hydrol-
ogy, chemistry and biota of North Inlel. Incrcases in
anthropogenic chemicals (pesticides, herbicides, pe-
troleum hydrocarbons, eic.) have been projecied.

The choice of these systems was based on the
[act that most estuaries have been aliered by human
activity either through directimpacts (e.g., dredging.
filling, and pollution) or indirect impacts (¢.g., alter-
ation of watershed characleristics and freshwater
discharge), and these changes have modilied their
structure, function, and tesmporal dynamics. Because
the understanding of anthropogenic effects and the
resistance 2nd resilience of estuarine systems ts poor,
somc insights might be gained by comparing estua-
rine systems which exhibit varying degrees af human

intervention. This study was an altempt to comparc
and coniras) three estuarine systems with guite dif-
ferent histories 10 gain a beter undersianding of how
human influcnce can impact critically important sys-

tems.

These estuaring systems were also chosen for
study because they represent the more thoroughly
studied systems in South Carolina. For instance,
many of the more than 900 scientific papers and
bocks that have been published by the Baruch Tnsti-
1use focus on research conducted 1n North Inlet and
adjaccnt habitats, such as Winyah Bay. Studies have
dealt with the functional dynamics of coastal ¢nvi-
ronments from the molecular to the ccosystem level
of organizalion, with a goal of undersianding the
temporally and spatially complex interactions be-
tween biotic and abiolic components of this estuarine
system. Information available on Charleston Harbor
Estnary has been developed primarily in response o
the many activities and manipuiations that have oc-
curred in and around the harbor; the sources are

many.

GEOGRAPHIC SETTING

The watershed areas of Charleston Harbor,
North Inlet, and Winyah Bay estuaries lie entirely
within the South Carolina Coastal Plain and repre-
sent extensive estwarine-marsh systems. The Coastal
Plain slopes downward toward the sca, accounting
for high stream flows. It consists af Pleistocene
sedimentary deposits of sand, gravel, clay, marl and
limesione resting upon a basement of ancient rocks.
Underlying sediments of the Coastal Plain are meta-
morphic and igneous rock. Above this are sediments
of consolidated and unconsolidated materials from
marine and alluvial deposits. Overlying these depos-
its is a thin blanket of unconsalidated sand, clay and

shelt comprising the Pleistocene and Recent forma-
tions. This material is 3 m to 5 m thick with
maximums reaching 15 m. The area is dissecied into

terraces as a tesult of former sea level episodes.

Charleston Harbor Estuary

The Charleston Harbor watershed is the second
largest watcrshed in South Carolina. Classified as a
2b estuary (according 1o Hansen and Rattray 19661,
Charleston Harbor has the third largest estuanne
drainage area and the sccond largest mflow of fresh-

water from all sources in the state.



The estuary is focated midway along the South
Carolina coastline at the junciion of three rivers —
the Cooper, Wando, and Ashtey. The lower harbor
basin is hound on the north by residential communi-
ties of Sullivans's [sland and Mt. Pleasant, on the
south by James Island and the undeveloped Morris
Island, and on the west by the peninsula of Charles-
ton city. The Iower harbor meets the Ashley River at
the Intracoasial Waterway and meets the Cooper
River at its junction with the Wando River.

Portions of the watershed containing the Ashicy
River, Wando River, and the lower harbor basin
drain an extensive area of marsh and lowlands. The
Ashley River, with its origin in Cypress Swamp in
Berkeley County, drains a 900 km?area in Berkeley
and Charleston counties. The Wando River flows
from headwaters in the Iron Swamp in Charleston
County and drains 310 km?, The lower harbor basin
roversanarea of 65 km* and drains an additional area
of 104 km?,

Ductoenvironmental engincering projecls com-
pleted by the US Army Corps of Engineers (USACOE)
within the walershed, the amount of area drained by
the Cooper River has Muctuated dramatically. Prior
10 1942, the area drained totalled 3,625 km?. After
completion of the Santce-Cooper Hydroeleciric
Project in 1942, which diverted waters from the
Santee River into the Cooper River, the wtal drain-
#yc ared increased 1041,000 km? and freshwater flow
‘creased o approximalely 428 mYs. However, due
to continued problems with increased shoaling and
higher dredging costs as aresultof the extra flow, the
USACOE completed the Cooper River Rediversion
Project in 1985, The Rediversion Project diverted
approximaiely 70% of the Santee-Cooper dratnage
back into the Santee River in the vicinity of St
Stephens, South Carolina. Subsequently, the monthly
mean flow in the Cooper River has been reduced to
approximately 128 mYs. Since information included
in this report was limited 1o the period 1970 1o 1085,

the data used to characterize the watershed and deter-
mine long-term trends reflect conditions preceeding
the Rediversion Praject of 1985, unless otherwise
stated. Available information generated after
rediversion is now available in Van Dolah et al.
(1990).

Throughoul the history of the Charleston Har-
bor, sea level has risen and fallen, periodically inun-
dating the Coastal Plain, layering sediments and di-
viding the plain into terraces. The estimated rate of
sea level rise is 2.5 mm per year, This rate creates
conceras over the greenhouse effect and its influence
on global temperatures, sea level rise and weather
conditions,

Presently, the climate in the area is relatively
mild compared with inland temperatures. The win-
ters are mild and temperate, while the summers are
warm and humid. The estuary reccives an annual
average precipitation of 124 87 cm, which is almost
exclusively rainfall,

Charleston Harbor has served as a strategic
shipping port ever since 1670 and is, in fact, the
second largest container port along the Allantic sea-
board. The area is a popular tourist attraction due to
its history and culture, and more imporiantly, is a
great economic resource. The lands surrounding the
¢stuary are largely developed and support a popula-
lion of more than one-half million people within the
tricounty area of Charleston, Dorchester and Berke-
Within the 3,000 km?® area are the
area’slargest municipalities — Charleston and North

ley counties.

Charleston. Land use patterns in the area are 56%
forested, 14% agriculwral, 10.3% rural, and more
than 6% each urban and open water.

Economic activity and population growth within
and around the Charleston Harbor watershed has
placed many demands on the estuarine system. For
example, the Cooper River is home to military facili-



ties which rank as the third largest home port of the
US Navy. In addition, numerous marina, indusirial,
and municipal wastewater facilities are situated in
the watershed s rivers. Some of the targest municipal
dischargers inciude the Charlesion Commissioners
of Public Works, North Charlesion Sewer, Berkeley
County Water and Sewer Authority, and the Town of
Summerville. WestVaco is the largest industrial dis-
charger in the area. The lower harbor basin, sur-
rounded by city and urban developments, boasts many
commercial port facilities and receives effluent from
a number of point sousces. Nonpoint source runoff
from low-lying areas and periodic flooding of the
drainage system adds to the point-source discharges

in the area.
North Intet and Winyah Bay Estuarles

North Inlct Estuary is a bar-built class C type
estuary (Pritchard 1955) located 70 km northeast of
Charleston, South Caralina. The watershed drains a
24 8 km? arca of mostly farest to the east and west
and a moderately developed residential watershed to
the north. The North Inlet Estuary is composed of
numerous winding tidal creeks and is considered a
pristine tidal éstuary due to minimal anthropogenic
impacts. The marsh is bounded by sandy barrier
islands 10 the east and is connecled to the coastal
acean by way of the tidal inlet of Town Creck theough
which 79% of all water exchange occurs. North Inlet
13 bound to the south and southwest by Winyah Bay
and 1s connected o it by three creeks: South Jones,
Neo Man’s Friend, and Haulover.

The Winyah Bay watershed is one of the largest
estuarine ecosystems on 1the Eastern Seaboard and 1s
classified as a B type estuary by Pritchard (1955). It
is located 14.4 km south of North Inlet. The entire
basin drains an extensive area of approximately
46,736 km? and is compased of the lower Winyah
Bay, which enters into the Atlantic Ocean, and the
subbasins of six major rivers: Pec Dec, Lynches,

Little Pee Dee, Black, Waccamaw, and Sampit. The
drainage originates in the Blue Ridge Mountains of
North Carolina and enters the Yadkin-Pee Dee River
system, which accounts for more than 41 451 km?of
the basin. Of the remaining total area, the Lynches
River basin composes 3,549 km?, the Litile Pee Dee
River 2,849 km? the Black River 5298 kmi the
Waccamaw River 2,578 km?, and the Sampit River
622 km?, Mostof the area drained is tural except for
the marsh and cypress and hardwood swamps in the
Waccamaw River and Sampit River areas, which are
¢losest o the lower bay.

The lower Winyah Bay is oriented tn a north-
west-southeast direction and is 29 km long with a
surface arcaof 155.4 km?. This estuary is widestal its
center, 7.2 km, and is a narrow 1.2 km at ils entrance.
The mcan depth is 4.2 m; however, 3 navigation
channel is maintained at 82 m and 1s 29 km lonyg,
extending from the Port of Georgetown to the jetty at
the entrance, Several islands occur within the bay
and a very shallow area, called Mud Bay, is centrally
located. The Winyah Bay Estuary and its six subbasins
together comprise 20.1% of North Carolina’s and
25.3% of South Carolina's total }and area, draining
through the Piedmont regions and Coastal plains.
The area includes the South Carolina counties of
Chesterfield, Darlinglon, Florence, Marlboro,
Marion, Dillon, Georgetown, Williamsburg,
Lancaster, Kershaw, Lee, Sumter, Horry and

Clarendon,

Winyah Bay is a true coastal plain estuary, and
receives its freshwater from the Pee Dee, Waccamaw
and Sampit rivers. Two major factors influencc the
current geomorphology of this cstuary: jetty con-
struction and maintenance of a navigable commer-
cial boat channel. The areais dredged due 1o exten:
sive shoaling and sand trapping caused by the jeuy.

North Inlet is very dynamic with the [ormation
of spits and swash bars. A well-developed ehh-1idal



delta was present by 1963 as well as a lengthening
main ebb-channel. The low ¢levations and coastal
location of the watershed produce a temperate (o
subtropical climate wilh moderate temperatures. The
mean annual (emperature is 18°C and ranges from an
average 8.4°C in January 1o 26.9°C in July. Precipi-
1ation averages 130 cm per year, with summer being
the wetlest scason. Climate and precipilaiion are
influenced by two major factors affecting the south-
east coastal environment: large rainfall deficits
(droughts) and rainfall excesses (tropical storms and
hurricanes).

The entire Pee Dee-Yadkin Basin of South Caro-
lina supported a 1980 population of 619,800 pecple,
with the majority of pcople residing within the
Yadkin-Pee Dee and Black subbasins. The projection
for 1990 wa that more than 2,500,000 people would
reside in this area. Urban and developed areas com-

prise a relatively small portion of the basin, however.
Forestry resources dominate, making up 12,144.4
km? of the basin. The dominant economic aciivity of
the Pec Dee subregion is agriculture, accounting for
7,629.3 km? of the subregion. Tobacco and soybeans
are the primary cash crops.

The Waccamaw Region Planning District, which
includes Winyah Bay and North Inlet estuaries, in-
cludes the counties of Georgetown, Horry, and
Williamsburg. Weiland arcas comprise 29% of the
tonal fand area, forest 45.6%, agriculture 21%, and
urban areas 2.5%. East of the Waccamaw River is 3
popular tourist area, the Grand Strand, made up of
residential and commercial developments. The North
lalet area is primarily forest or undeveloped {89.6
km?), wetlands (52.6 km?), and 1the remaining area
(1.1 km?) is residential and recreational {e.g., goif

courses).

PHYSICAL AND CHEMICAL PROPERTIES

Churleston Harbor

The aperation of the Pinopolis hydroeleciric
planton the Cooper River influences freshwater flow
and salinity in Charleston Harbor. Belore diversion
of the Santee River the monthly average flow was
11.8 m¥s; after diversion the number significanity
increased 10453 m*/s. Since the Rediversion Project,
the flow from the Cooper River into Charleston Har-
bor has become more stable with a monthly mean of
122 ms.

The estuary experiences semidiurnal tides. Prior
lorediversion the mean tidal amplitude range was 1.6
m, and during a spring tide the range increased to 1.8
m. Effects of the Rediversion Project on the tides are
not yet well-documented. The reversals of surface
and botlom currents over a single tidal cycle deter-
mine the circulation patterns in the harbor. The estu-

ary is straiified wih a net downstream flow in a

relatively freshwater surface layer, a net upstream
fiow in the bottom saline layer, and a net bottom to
surface flow of water.

After diversion of the Santee River, sedimenta-
tion in Charleston Harbor averaged approximaiely
7.645,350 m/y. The Rediversion Project was under-
taken to reduce sedimentation rales in Charleston
Harbor, but posi-rediversion rates have not yet been
documented. The three major sources of material
entering the harbor include offshore coastal material,
Holocene deposits within the Cooper River basin,
and material transported from the upper Szntee River
basin through lakes Marion and Moultrie.

Basic water quality parameters, including tem-
perature, salinity, dissolved oxygen, nutrients, and
pollulants, have been measured extensively through-
out the estuary. The water temperature averaged

19.8°C and ranged from 6.2°C to 29.9°C. The



difference between surface and botiom temperatures
ranged between 0.5°C and 2.0°C, and scasonally
ranged from a low of 1.5°C to 2 high of 35.0°C

throughout the entire estuary.

Salinity regimes are controlled by freshwater
flow and tidal stages. At high river discharges the
estuary is strongly stratified; converscly, at lower
freshwater Flows the cstuary is less vertically sirati-
fied. Prior to rediversion, the mean harbor salinity
was 16.8 parts per thousand (%e) with a range of 7.7
%010 29.5 %o prior to rediversion. Within the water-
shed the satinity ranged from 0 %o to 35.6 %e. The
average salinity at the mouth of the Cooper River
varied from 4.5 %o 10 5.3 %o, and at the mouth of the
harbor from 16.0 %o to 18.5 %o,

Dissolved oxygen levels in the estuary, which
are affected by such factors as temperature, presence
of phytoplankion, magnitude of river flow, and sea-
sonal fluctuations, ranged from 0 mg/1 10 17.05 mg/
1 and averaged 7.46 mg/l. Dissolved oxygen (DO}
tevels were higher in surface waters and in colder
months. The percent saturation of DO in bottom
waters of the upper harbor is 52%, the lower harbor
77%. near the mouth of the harbor 80%, and a1 the
mouth 90-95%. Studies examining the effects of the
Rediversion Project on DO content in Charleston
Harbor Estuary are reported by Van Dolah et al. (1950).

Nitrates, phosphates, and ammonia are several
of the nutrients monitored during the study period.
Kjeldahl nitrogen was found to range berween (.04
mg/l and 19.90 mg/l. Total ammonium concentra-
tions ranged between 0.02 mg/l and 13.0 mg/l. Nu-
trients found in lower amounts include nitrate-nitrite
(0.0-6.65 mg/1}, orthophosphate (0.0-1.56 mg/l) and,
total phosphate (0.02-4.6 mg/1}.

Pollutants were monitored throughoul the estu-
ary. Metals were detected ip maximum amounts of
16,310 pg/l for iron, 2,000 ug/! for copper, and 1,080
ug/l forchromium, The range of biochemical oxygen

demand was 0.15 mg/l 10 11.0 mg/l, of chemical
oxygen demand 0.00 mg/i to 930 mg/l, and of fecal
coliform 1 to 31,500 colonies/100 ml.

Winyah Bay and North Inlet Estuaries

Of the freshwater inflow into Winyah Bay Estu-
ary, 90% originates from the Pee Dee River and the
remainder from the Waccamaw and Sampit rivers.
Freshwater inflow occurs at a rate of 26.9 m*/s atlow
flow and 7,884 m?¥/s during major floods. The great-
est flow occcurs in the winter. [n contrast, there is
little freshwater input inato North Inlet Estuary. 1n-
flow occurs at a rate of 1-3 m¥s from groundwater
input and vpland runcff. Half of the volume is a

resuli of rainfall.

The mean tidal amplitude of Winyah Bayis 1.0
m at Georgetown Harbor and 1.2 m at the mouth of
the bay. Aside from freshwater input, the semidiurnal
tide is the dominant factor influencing circulation
patterns. The bay is partially stratificd far most of
the year with the greatest stralificalion occurring
during high freshwater discharge. North Inlel has a
tidal range of 1.1 m for neap tides and 2.5 m for
spring tides, The average flow of ndal currentsis 1.3
m/s. Circulation is driven by tidai pumping and those
factors influencing tidat variation. Sheet flow plays
a minor role. The estuary is well mixed; no signifi-
cant vertical stratification of salinity or density oc-

curs,

Sedimentation in Winyah Bay s extensive, Ap-
proximately 25,509,943 tons of soil per year are
eroded throughout the watershed. Siltand clay char-
acterize the majority of the sedimenis in the upper
third of the harbor and estuary, while more than $9%
of the sediments in the lower bay consist of sand.
Surface sand formalions are deposited on marls, sands.
clays, and limestones formed by sedimentation. The
interridge of marsh along the perimeter of North Inlet
issand, with evidence that this marshtand hasevolved

from a foresi environmenl. Sedimentation raes of



1.3 mm/yr 1o 2.5 mm/yr in North Inle1 are minimal

compared 10 Winyah Bay.

A number of water qualily parameters have
been studied in these sysiems, Water lemperature
averaged 19.2*C in Winyah Bay during the reporting
period, with a mesn monthly average of 6.3°C in
January and 28.2°C in July. These temperature ex-
tremes occurred in Mod Bay. No vertical stratifica-
tion in temperature was found. [n the North Inlet
cstuary, the averege lemperature was 18.7°C with a
monthly average of 8.3°C in January and 27.2°C in
July,

Spatial and wemporal varialion in salinity oc-
curred in both Winyah Bay and North Inlel estuaries.
Strong vertical stratification was present in the upper
bay with ocean-dominated bottom water, whereas
little vertical stratification was present in the lower
bay due to tidal mixing. Salinity in the bay ranged
from 3.5 %o 10 15 %o with a mean salinity of 7.4 %,
Within North Inlet Estuary the highest salinity (33.3
%o} exisied at Town Creek. Due (o high flushing of
the inlet, salinity is spatially homogencous over the
year. Mean monthly salinitics ranged from 29.5 %e in
May to 34.4 %o in October,

Monthly dissclved oxygen concentrations in
Winyah Bay exhibiled an inverse relationship 10
lemperature; the lowest concentrations coinciding
withmaximum productivity. The mean monthly con-
centration ranged from 5.2 mg/l to 10.9 mg/l with
greatest variation occurring in July. In North Injet,
the DO range was 1.5- 7.4 ppm. The highest concen-
trations occurred during daylight and at high tide,

In Winyah Bay, total phosphorys averaged 3
Mg-at/l. Scasonal variation in total phospherus was
positively correlated to temperalure. The highest
concentrations were found in Junc and (he lowest in
winter. Phosphorus concentrations increased with
increasing depth. The Sampit River contained the

highest total phosphate concentrations. Much of the
data indicates that concentrations of total phospho-
rus were from river sources. Orthophosphate aver-
aged about 22% of 1otal phospherus and exhibited
little variation with depih and season. The overall
mean orthophosphate concentration was 0.55 ug-at/.

Within the North Inlet Estuary, particulate phos-
phorus comprised 56% of total phosphorus, which
averaged 1.03 pg-ayl. The lowest total and ortho-
phosphate concentrations (0.74 ug-at/land 0.018 pg-
atfl, respectively) occurred at Town Creek, while the
walers adjacent to Winyah Bay contained the highest
concentrations {(up to 2.89 pg-at/l and 2.58 ug-ayl,
respectively). Particulate phosphorus concentrations
were found 1o be highest near the forest and lowest
toward the mouth of the inlet. Seasonal variations in
tatal, orthophosphate and particulate phosphorus were
present, with highs in August and lows in winter,

Nitrogen was also monitored in Winyah Bay.
Total Kjeldahl nitcogen averaged 75.78 pg-aul,
nitrate-nitrile averaged 16.57 jig-at/l, ammonia 14.07
Kg-av/l, and dissolved organic nitrogen 61.71 pg-at/
1. Higher dissolved organic nitrogen concentrations
were found to occur during the early summer months
and Ociober. The highest concentrations of and
variations in total nitrogen were measured in October
and May, whereas ammonia and nitrate-nitrite were
highest in summer and winter. Significani temporal
and spatial variations in nitrogen concentrations oc-
curred in Winyah Bay. Nitrale-nitrite and total nitro-
gen decreased along the main channel from the upper
bay 10 the ocean during spring. A strong linear rela-
tionship of total nitrogen with salinity suggesis thag
the river waters entering the bay are significant
sources of nitrogen. The average total concentration
in these rivers was 20% greater than the average
concenlttation in the bay.

Within North Inlet Estuary the mean total nitro-
gen concentration was 33.67 ug-at/!. Of this, 60%



was dissolved organic nitrogen, 34% particulate ni-
trogen, $% ammonia and less than 1% nitraie-nitrite.
The highest concentrations of tolal nitrogen were
found near Winyah Bay and the lowest near Town
Creek. Total nitrogen exhibited a strong seasonal
pattern which co-varied with primary production and
the annual temperature cycle, primarily as a result of
variation in particulate nitrogen. Concentrations
were highest in summer months and lowest in Janu-

ary.

In contrast to Winyah Bay, nitrogen patterns in
North Inlet Estuary were more closely related to the
temperature cycle than to freshwater runoff. Increased
concentrations in nitrate during May, June, and July

in Winyah Bay were similar 1o the peaks in North
Inlet Estuary; however, the winter peak coincident
with freshwater inpul in Winyah Bay wasnotévident
in North Inlet. Peaks in nitrate-nitrile in January,
March, and June exhibited a sirong relationship with
salinity. Ammonia had he opposite relationship to
salinity in Winyah Bay, with highesl ammonia values
correspending 1o the lowest salinities. In North Intet
Estuary highest ammonia concentrations occurred
with high salinity peaks (June, August, and Septem-
ber). Ammonia tracks temperature in North Inle:
Estuary, unlike in Winysh Bay. Total nitrogen showed
a strong seasonal pattern, tracking temperatare, in
North Inlet Estuary but an erratic pattern in Winyah
Bay.

BIOLOGICAL CHARACTERISTICS

Charleston Harbor Estuary

The productive Charleston Harbor watershed
sustains a vast array of biological communities.
Marsh acreage exceeds 21,000 ha and includes brack-
ish and salt marsh, freshwater marsh, and coastal
impoundments. The distribution of intertidal veg-
etation is influenced by salinity conditions and the
duration of tidal flooding. The predominantly ma-
rine and brackish waters of the Ashley and Wando
rivers support.Juncus romerianus in large quantities.
The Cooper River contains a diversity of freshwater
and saliwater types. The most common genera are
Juncus, Spartina, Sagiuaria, and Scirpus, Total an-
nual production of a freshwater marsh at Dean Hail
Plantation was 1,600 g/m?,

The watershed does not support extensive
subtidal seagrass beds or benthic macroalgae com-
munities except for the Egeria beds in the upper
Cooper River. The minimal amount of sybtidal veg-
etation is probably due to high turbidity levels and a
tack of suitable shallow water substrate in the sublidal

zone. Epiphytic algae is dominated by chlorophytes,
diatoms, and cyanophytes. The abundant popula-
tions of dominant taxa occurring at many locations
may be a reflection of the estrophic water guality.
Species diversity is found to be low in contrast lo
other South Carolina estuaries,

Four hundred fifty-one species of phywplank-
ton were found in a 1584 study of Charleston Harbor.
The genus Skeletonema dominated the area. The high-
est abundance of phyteplankion was found in areas
of high salinity. Diatoms tended to dominate during
the spring and fali, whereas cyanophyles and flagel-
tates dominated during the summer and winter. The
overall abundance of zooplankion, however, was
found to be lowest compared to other river systems
studied in South Carolina. Ir a 1976 rcport on the
Cooper River, the zooplankion 1ypes observed in
decreasing order of abundance were amphipods, iso-
pods, and pelecypods.

A diverse assemblage of benthic inveriebrate

species is found in the Charlesion Harbor watershed,



butdewiled studies of macrofaunsl communities were
limited prior to 1984, No studies were found on
meiofauna in the estuary for the study period.

For the macrobenthos, one limited study in
1976 suggesis that polychaete worms were mostabun-
dant in high salinity Iocations. whereas, at low salin-
ity locations, many more amphipods, isopods, and
bivalves were found. Oligochaetes and amphipods
comprised 49% of to¢al abundance.

More studics of the Larger invertebrate species
have been conducted which show that the Charleston
Harbor system supports large populations of penaeid
shrimps and blue crabs. Penaeus setiferus tended to
peak in abundance in September through October,
while Penaeus azrecus peaked in June and Fuly. The
latter species occurred in smaller numbers and in
higher salinity areas in the lower estuary, Callinectes
sapidus was highest in gbundance in October and was
Shellfish beds of
Crassostrea virginica and Mercenaria mercenaria

least abundant upstream,
are also abundant in the esiuary,

The diverse finfish assemblage has value to
recseational snd commerciat figsheries, The finfish
were found 1o be most abundant in spring and win-
ter. Common genera included Leiostomus,
Micropogonias, Cynoscion, Sciaenops, Paralichthys,
Mowne.!cmluru.r.E:e!h}'er.Anckm.andBrevoom‘a.

Norih [nlet and Winyah Bay Estuaries

North Inlet Estuary containsg 2,260 ha of salt
marsh, 86% of which is low marsh and 134 of which
is high marsh. The low marsh is dominated by the
Species Sparting alterniflora, while (he high marsh
contains a mix of species. Common Eenera inclyde
Spartina, Juncas, Barrichia, Di:f!’ch!i:. Salicornia,
Winyah Bay has a diverse
Plani communily dye to its broag range of salini

fva, and Fimbristyplis.

ties.
Of the total area of marsh habita (12,730 ha), fresh-
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water marshes compose 81%, brackish marshes 18%,
and salt marshes less than 1 %. Many of the same
genera that occur in North Inlet are present in Winyah
Bay: the bay does harbor scveral more varieties.

Diatoms dominate the 229 species of phyto-
plankton found in North Injet Estuary. The genera
Thalassionema and Skeletonema were continually
present and dominant in all seasons. Total phyto-
plankton productivity generally foliows the annual
temperature cycle with highs (234 mg C/m?/hr) in
summer and lows (6.4 mg C/m?/hr) in winter. In
Winyah Bay, the average chlorophyll-a concentra-
tion was 5.16 mg C/m’, with highes! concentrations
in surface waters,

Benthic microalgae production during the pe-
riod 1973 to 1975 was 2.5 times greater than phyto-
plankion production for that same period. Benthic
macroalgae species, particularly the genuos
Enteromarpha, dominate the winter months, being a
significant source of energy and carbon. The great-
est number of species occurs at North Inlet and
declines toward Winyah Bay, where significantly
less biologica! information exists.

More information exists concerning benthic
communities. Benthic infauna in Winyah Bay were
highly diverse compared to similar sites in other
southeasiern states. The number of polychaete spe-
cies dominated the benthic infauna, while pelecy-
pods were high in abundance. The relative abun-
dance of major taxa at sites adjacent to Winyah Bay
differed from Charleston Harbor in which polychaetes
{37%) were morc abundant than pelecypods {7%),
cephalochordates (20%), and sipunculids (5%). The
number of species and species richness was greatest
during the summer. The highest diversity occurred at

the most seaward stations,

Sessile epibenthic species occurred in low num-
bers in the bay. Cnidarians and arthropods made vp



the largest number of species (21 each), followed by
mollusks (15) and bryozoans (12); species common
1o abundant in other South Carolina estuaries. The
mean number of total epibenthic organisms was high-
est in the Pee Dee River. Mysid shrimps were the
dominant epibenthic organism, averaging approxi-
mately 42% of the catch.

In North Inlet, the highest biomass and density
values for zooplankton were measured at locations with
less variable salinities. Copepods, including their Larval
stages, were the most dominant, comprising 64% 10 69%
of total zooplankton numbers and biomass. The most
common genus was Parvacalanus. Major specics in North
Inlet are representative of those found in Florida walers.
Peaks in zooplankion density occurred in the summer. In
Winyah Bay the highest number of zooplankion were
collected at high salinity locations, with lowest densities
found at riverine locations. Copepods tended to be most
gbundant in the warmer months,

North Inlet contained a diverse fish Fauna with over
100 species. Common genera included Anchoa, Menidia,
Brevoortia, Fundulus, Leiostomus, Alosa, Dorosoma, and

Mugil. Shrimps and crabs also were present, with crabs
(Callinectes spp.) most dominant.

Fish fauna in Winyah Bay Estuary was diverse,
with up 1o 75 species collecied. Generally. high and
variable salinity locations had the highest number of
individuals and species, while locations with the
Jowest and most stable salinities had the lowest nom--
bers. The numbers of fish species were positively
correlated with bortom temperature and salinity and
negatively correlated with oxygen and depth. The
most dominant species were seasonal inhabitants and
abundant in specific areas.

Decapod crustaceans were nat as abuadant as
fishes in Winyah Bay. Penaeid shrimp were numeri-
cally dominant, comprising 50% to 53% of the deca-
pod caich with P. setiferus comprising about 42%
alone. Blue crabs were also found year-round with
the largest catches from September to December,
Species found in the upper reaches of Winyah Bay
were primarily freshwater genera, inciuding

Macrobrachium and fctalurus.

LONG-TERM TRENDS

Long-term trends for Charleston Harbor, North
Inlet, and Winyah Bay estuaries were difficult 10
identify. The data available for character analysis
were mostly derived from short-term studies and
were not collected for a sufficient period of time for
trends analyses, The lack of consistent and standard-
ized sampling procedures from one study to the nexi,
as wcll as gaps in the data, further compounded the
difficulty in determining long-term trends. These
problems also precluded detailed comparisans among
the estuaries. Thus, the characterization of condi-
lions, in addition to the trends outlined in this report,
represent the best anempt to compile, organize and
highlight the pertinent infermation that was avail-
able.
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Land and Water Use Trends

Charleston Harbor Estuary

One of the most significant trends affecting
resource use is the increase in population within the
Charleston Harbor watershed area. The population
of the tricounty region increased steadily throughout
the 1970 to 1985 survey period, with primary growth
in Berkeley and Dorchester counties. Total residen-
tial acreage increased, resulting in the urbanizaiion
of rural areas and development of addilional infra-
Both the
recreational and commercial use of Charleston Har-

structure to accommodale this growth,

bor increascd substantially. Recreational boatregis-



trations increased by 45%. Additionally, 10 marinas
and 13 public boat landings were developed within
the time frame considered in this report. Commercial
vessel] traffic increased from 1,400 ships and barges
to more than 1,800 as container cargo increased from
168,000 tons to 2.8 million tons.
facilities as well as the major addition of the Wando
The
US Navy also expanded its port facilities and stepped

Expanding port
River Terminal accommodated the increases.
up its dredging operations.

The number and volume of municipal and in-
dustrial discharges in Charleston Harbor Estuary,
surprisingly, decreased from a total of 115in 1969 to
a total of 78 in 1986. The volume of the discharges
dropped from 212.4 million gallons per day (MGD)
to 92.9 MGD. The most significant decrease in
discharges over the period occurred in the Ashley
River. The Ashley River originally received dis-
charges from 51 sources at a volume of 1499 MGD,
but the volume decreased to 32.9 MGD from 28
sources by 1985. The Cooper River, lower harbor,
and Wando River, in order of decreasing importance,
also received less discharge volume to a lesser ex-
tent. The largest municipal discharges originate from
the Charleston Commissioners of Public Works and
North Charleston Sewer, each with volumes of 18.0
MGD. The Berkeley County Water and Sewer Au-
thority I and the Town of Summerville discharge
less, with 10.0 MGD and 6.0 MGD, respectively.
The largest industrial discharger is WestVaco with a
volume of 20.0 MGD. Mcbay Chemical and DuPont
Chemical are also major contributors with discharge
volumes of 6.5 MGD and 1.2 MGD, respectively.

North Inlet and Winyah Bay Estuarles

The major land use trends are those which ac-
company increases in population, The trend of con-
verting forested and agricultural land to primarily
residential-urban and commercial development is ex-
pected 1o continue through 1995, Within the Yadkin-

T

Pecc Dee River Basin, forests have declined by over
3,800 ha per year since 1970. Agriculture has de-
clined by 2,000 ha per year. Urban land use increased
4% since 1970 by 4,800 ha per year. A major land use
change in the Waccamaw subregion was aconversion
of 3,440 ha of forested land to residential communi-
ties. Agriculture decreased by 1,020 ha. By 1995,
residential area is expected to increase by 2,400 ha
and forests to decline by 6,430 ha. Projections within
Georgetown County for 1985 indicated that forested
lands would decrease by 1.4%, forested wetlands by
0.6%, nonforested wetlands by 0.6%, and agriculture
by 0.1%. Residential, industrizl, and commercial
land use will increase by 0.6%, although commer-
cial use of Winyah Bay itself has not increased dur-
ing the study period. However, growth in recreation
and tourism has occurred along the Grand Strand,
and industrial growth occurred in and around
Georgetown, Sumter, and Florence,

The national trend of population migration and
business and industry location in the Sunbelt states is
evident in the Yadkin-Pee Dee Basin. The popula-
tion in the basin has increased by more than 30%
from 1970 to 1985, with the largest increase occur-
ring in the Waccamaw subarea (Georgetown, Horry,
and Williamsburg counties). Over the next 30 years,
the population of the Yadkin-Pee Dee Basin in both
North and Sowth Carolina is expected to increase by
53%. The major impact will occur along the lower
Waccamaw Neck and is expected to increase drink-
ing water demands and sewage wastewater treat-
ment. Water demands for power, industry, irrigation
and consumption will also increase.

Public water supplies increased by 88 MGD for
the 15-year study period. Municipal and industrial
demand increased from 251 MGD in 1970 to approxi-
mately 319 MGD in 1985; a 4.5 MGD increase per
year. [rrigation nse within the basin was 36.3 MGD
in 1977 and is expected to increase to 83.5 MGD by
the year 2010. The lower Waccamaw River subbasin



is being subjected to increasing amounts of industrial
and private domestic effluents from point-source
discharges. In 1969, there were eight industrial,
municipal, and private domestic dischargers into the
lower Waccamaw River subbasin with a total dis-
charge of slightly more than 95 MGD; by 1976, five
additional dischargers were sited, adding an addi-
tional permitied discharge of 41.18 MGD and 22,422
Ibs/day BOD,. The major trend in wastewaler dis-
charge into the Winyah Bay system is an increase in
the number of municipal sewage treatment plants to
accommodate population growth and urban develop-

ment. There are no municipal or industrial wastewa-

ter discharges into North Inlet estuary.

In South Carolina, over 36% of the total 10urist
trade occurs in the Grand Strand. Myrtle Beach State
Park in Horry County and Huntington Beach Stale
Park in Georgetown County are (wo of the statc’s
major park facilitics. Recreational use has, as a r¢-
sult, increased from less than 9.5 miliion travelers
and visitors in 1972 to over 13 million in 1985, Boal
regisirations in Georgetown County have increased
from 1,124 in 1965 to 5,785 in 1985. However, no
additional public boat landings bave been constructed

in Winyah Bay Estuary 1o handlc the increasc.

TRENDS IN PHYSICAL CONDITIONS

Charieston Harbor Estuary

I.arge changes in several water quality param-
eters occur in the Charleston Harbor basin over a
tidal cycle. Distinct seasonal trends in water iem-
perature and dissolved oxygen are evident.

The mean dissolved oxygen values for loca-
ticns within the estuary ranged from 1.40 mg/l to
7.43 mg/l, except for the Goose Creek Reservoirand
the upper Ashley River whose mean values were
lower. The individual chemical oxygen demand val-
ues range from 1.4 mg/g to 150 mg/g during the
survey period and the average COD ranged from 0.4
mg/g to 62.25 mg/g. COD was highest for the lower
Ashley and the lower harbor sediments than in any
other areas of the estuary. Overali COD levels de-
creased in all areas measured between the period
1975-1979 (o the period 1980-1985,

Salinity fluctuated with freshwater flow and
the tides. Salinity was highest during summer months
when freshwater flow was towest. The highest zalin-
ity occurred in the lower harbor and high salinity in
the lower rivers, especially in the Cooper and Ashley
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rivers. Salinity was lowest in the Goose Creek Res-

ervoir and in the upper Cooper River.

The average turbidity values ranged from 6.31
FTU 10 20.67 FTU throughout the estuary. The high-
est turbidity value occurred in the upper Ashley
River, due most likely to the high impact of
stormwater runoff. The values for other areas in the

gstuary are fairly similar in magnitude.

Mean orthophosphate values ranged from 0.04
mg/1 1o 0.46 mg/l; higher orthophosphate concentra-
tions were found in the upper Ashley River and the
Goose Creck Reservoir, while lower levels were
mecasured in the upper Cooper River. Average total
phosphate values ranged from 0.08 mg/l o .43 mg/
1, and the mean Kjeldahl nitrogen values ranged [rom
0.6 mg/l to 1.38 mg/! during the study penod with
higher concentrations in the upper Ashlcy Riverand
Goose Creek Reservotr than in other areas of the
estuary. The mean nitrite-nitrate values ranged from
0.06 mg/l 10 0.26 mg/l, with higher levels in the upper
Ashley River. Mean total ammonia values ranged
from 0.12 mg/l to 0.33 mg/l and suggest a lower

concentration of ammonia in the upper Cooper River,



North Inlet and Winysh Bay Estuarles

No significant trends in freshwater inflow oc-
curred. Low flows occurred in 1978, 1980, and 1984
due 10 below-average precipitation. No significant
trends in temperature or salinity were found.

Only one long-term data set was available to
evaluate water quality in Winyah Bay, and water
quality sampling was not standardized by tidal stage,
tiver discharge, lime of day, day of month, or month
of the year. In general, water quality in Winyah Bay
has improved since 1972, Some violations of SC
Water Quality Standards occurred and were associ-
sted with point source and, to a lesser extent, non-
point source discharges. However, by 1984 and 1985
more than 99% of the salt waler area in the lower
Waccemaw subbasin met 5C Water Quality Stan.
dards. The major problem was DO contraventions
due o municipal discharges into White's Creek (City
of Georgetown) and the industrial discharge from

International Paper into the Sampit River. Dissolveq
oxygen concentrations significantly increased over
the 10-year period, and were rclated 10 freshwater
discharge. DO values ranged from 3.5 mgflto 15 mg/
i in Winyah Bay, and from 1.5 mg/i to 7.4 mg/fl ig
North Inlet. Monthly BOD, values significantly de.
clined during the 10-year period.

In North Inlet, nitrate and total phosphorus
showed no significant trend, but total Kjeldahl nitro-
gen and ammonia significantly increased during the
1975 to 1985 period. In general, concentrations of
total nitrogen and total phosphorus in North Inlet
Estuary are decreasing, while inorganic nitrogen sig-
nificantly increased at Town Creek. Ammonia and
nitrate-nitrite had significant interanaual variation
in seasonal patterns, which was linked to salinity,
Turbidity exhibited a significant seasonal
pattern,which was related to salinity as well. This
variation indicates a loading asscciated with fresh-
water discharge.

TRENDS IN POLLUTANT LOADINGS
AND AMBIENT POLLUTION CONCENTRATIONS

Charleston Harbor Estuary

The inorganics monitored during the study pe-
riod included mercury, copper, chromium, cadmium,
and lead. The samples taken were analyzed during
two study periods: 1975-1979 and 1980-1985. The
average mercury concentrations in sediments ranged
from 0.11-0.40 pg/g in the upper Ashiey River dur-
ing the 1975-1979. The average maximum values for
mercury in sediments were comparable with mid-
range values for mercury in sediments obtained from
other estuaries throughout the US. Mercury Jevels
increased in the lower harbor basin and in the lower
and upper Cooper River area in the 1980-1985 period
vs the 1975-1979 period. Mercury levels decreased
in the upper Ashley River and changed cnly slightly
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in the Wando River and lower Ashley River arcas.

The average concentrations of copper in sedi-
ments ranged from 6.75 pg/g in the upper Ashley
during the 1975-1979 period 10 34.4G pg/g in the
Wando River during the 1980-1985 period. The
average concentrations of copper found in the Charleston
Harbor Estuary were low in comparison with other
estuaries; however, individual measurements did
range up to the higher levels found in some of the
nation’s more polluted estuaries. Copper levels in-
creased from the 1975-1979 period to the 1980-1985
period in the areas of the upper and lower Ashiey
River, the Wando River, and the upper Cooper River.
Levels in the lower Cooper River and lower harbor
basin showed onty slight changes.



Average chromigm concentralions in sediments
ranged from 8.20 ug/g to 32.00 pg/g during the
review period, and were higher in the Ashley River,
lower Cooper River, and lower harbor areas, particu-
larly during the 1980-1985 period. Values were low
in compatison (o other cstuarine areas. Values in-
creased from the 1975-1979 period 10 the 1980-1985
period in the lower and upper Ashley River, the lower
harbor basin and the upper Cooper River, Values
decreased in the Wando River area and remained
relatively consistent in the lower Cooper River.

Average cadmium concentrations in sediments
ranged from 0.68-5.09 ug/g during the review pe-
riod. Cadmium levelsinthe lower Ashley River were
significantly higher than other areas in 1975-1979
but were substantially lower during 1980-1985, Other
values remained fairly consistenl between the two
time frames, Average values were comparable Lo
mid-high values from other estuarine areas.

The average lead corcentrations in sediments
ranged from 18.40 ug/g to 96.65 pg/g in the estuary.
Higher levels existed in the upper Ashley River area
during 1975-1979. The average values were compa-
rable w mid-range values in other estuaries. Other
than the significant decrease in concentrations from
the 1975-1979 period to the 1980-1985 period in the
upper regions of the Ashley River, the other areas of
the estuary exhibited increases in iead concentration.

PCBs, DDTs, and coliform bacteria werc among
the organic pollutants monitored. Concentrations of
PCBsin the sediments were a great deal higherin the
Wando River and somewhat higher tn the Cooper
River during the 1975-197% period than other arcas
of the estuary. The maximum average conceniration
of PCBs was 47.9 pug/g. The highest PCB concentra-
tions found in the harbor excceded the maximum
values for other areas throughout the country. Dur-
ing the 1980-1985 survey period PCBs were found at
the Wando River slalions,
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The maximum average concentration of DDT
was 1.93 pg/g, which was high when compared with
available data from other estuaries. Increased levels
of DDT were found in the lower Cooper and lower
Ashiey rivers during both time periods. as well as in
the upper Cooper River during the 1975-1979 ume
period.

The SCDHEC has classified the waters of
Charleston Harbor as “SC." which allows average
fecal coliform levels of up to 1,000 colonies/100 ml
on an annual basis, and represents fairly low water
guality. Mean coliform values ranged from 15 colo-
nies/100 m1 10 410 cotonies/100 mi during the survey
period, while median values ranged from 7 colonies/
100 ml to 143 colonies/100 ml. Several stations in
the Ashiey River, lower harbor, lower Cooper River,
and Geose Creek Reservoir had relatively high fecal
cotiform values, with mean values exceeding 200
colonies/100 ml. Consislently lower concentrations
of fecal coliforms were found in the vpper Cooper
and Wanrdo rivers than in other areas of the estvary.

North Injet and Wiayah Bay Estuaries

Heavy metals were analyzed in the water, sedi-
ments, and fish for Winyah Bay. Several metals (Cd.
Cu, Ni, Cr) have aver 75% of their reperted concen-
trations below the analytical detection limits. Fuor
Pb, Zn, and Hg more than 50% of the analyses were
above the detection limit. Concentrations of heavy
metals dissolved in the water column in general were
very Jow. Only lead and zinc were detected atlevels
above SCDHEC criteria.
metal concentration averages of 1975-1980and 1981-

When comparing heavy

1985, chromium significantly decreased. Mercuny
decreased at most stalions.

Sediment heavy metal concentrations in Winyah
Bay vary spatiatly as a function of sediment type and
point source discharges. Data on mercury (0 2HEE
to 0.3 ug/g), copper (1 pg/g to 10.9 ug/g), chremium



(5 ng/gt0 26.2 ug/g). leaq (5 ug/s 1o 26 ug/B). mickel
(5 j2¢/8to 100 Ug/R) and zinc (8 jug/g 10 40 Kg/p) were
collected for one station i the bay. Higher concen-
trations of lead and zinc were detected in the Sampit
River adjacent 10 Georgetown Steel, where the major
heavy motal problem occurs. Concentrations of lead,
copper, chromium, and zinc were grealer in the upper
bay than in the lower bay or Sampit River. Only
copper significantly declined over the study period.
No other metals showed anry significant trends.

The Winyah Bay wacrshed has onc of the high-
est reported pesticide use rates in the United States,
ranked second nationaliy in overall and annual pesti-
cide use and ninth in annual pesticide use per area.
Winyah Bay ranked fifth in tonicity-normalized pes-
ticide use, meaning that it is not only a high use area,
butalso s high-toxicity pesticide usc area. Even with
this heavy use, relatively few pesticides have been
detected in Winyah Bay waters, sediments, shellfish,
or fish tissue. The only organic compounds which
have routinely been detected are Dieldrin, DDT,
DDD, DDE, and PCBs.

As with Charleston Harbor Estuary, the waters
of Winyah Bay are clansiflied SC; therefore shellfish
harvesiing is prohibited. Oaly one location is moni-
tored for coliform bacteria; duting the period 1970 to

1985, the long-term average for coliform was 28.5 +
18.1/100 ml, with a range of 0/100 ml to 2,000/100
ml. Seasonal variations are great, with the highest
averages of 60.3 colonies/100 ml and 61.9 colonies/
100 ml for May and November, respectively, and
11.1 colonies/100 mi in early spring for the low.

Sources for fecal coliforms in Winyah Bay in-
clude municipal point sources and numerous non-
point source contaminations from septic systems.
Fecal coliforms significantly declined during this
15-year study period. The major fecal coliform input
originates in the Sampit River and in areas of munici-
pal discharge. The lack of high coliform measure-
ments can be partially attributed to lower loading and
the relatively undeveloped nature of the jower basin
compared to other estnaries fike Charleston Harbor.

Portions of North Inlet Estuary have been re-
stricted or conditionally restricted for shellfish har-
vesting due to high fecal coliform levels; neverthe-
less, most of North Inlet is classified “*SB” or "SA™
by SCDHEC. Coliform measurcments are takenat 1
locations throughout the inlet, with long-term aver-
ages ranging from 26 colonies/100 ml to 91 colonies/
100 ml. The lack of significant trends during the 15-
year period reflect the absence of increased develop-
ment pressures in this area.

TRENDS IN BIOLOGICAL RESOURCES

Very few data sets 8r¢ available thag provide
long-term (>5 years) data on biological resources for
these estuarine systems, and much of it exisis as
landings of commercially important species.

Charlestons Harbor Estusry
Estimates of fisheries landings from Charleston

Harbor generally showed patterns simitar 1o (hose
observed state wide, SugBEsting that production of
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shrimp and crabs from this estuary is typical of other
South Carolina estuaries. Reduced landings of white
shrimp, P. setiferus, most likely due to a decreased
number of spring spawners after unusuatly cold win-
ters, cccurred in 1977, 1978, 1981, 1984, 1985, and
1986. Highest landings of brown shrimp, P. aztecus,
which were less variable during the study period,
were noted in 1980, 1981, and 1987. Blue crad, C.
sapidus, landings were relatively low from 1975 to
1977 compared with later years, unlike patterns ob-



scrved in state wide landings, Very little change
occurred in dominant finfish and decapod crustaéean
species composition between collections taken in
1984 and during the period 1973-1977.

North Inlet and Winyah Bay Estuaries

Commercial landings data on shad, blue crab
and most shrimps taken in Winyah Bay suggest that
commercial landings increased significantly over the
15-year study period, althongh reduced landings were
observed from 1973-1977. Landings of penaeid

sheimp, P. aztecus and P. setiferus, showed lile
variation over the study period.

Landings in Georgetown during 1979 did not
follow the state wide trend, but during the mid- 19805
landings were simitar. Over the study period there
was an increase in blue crab landings. An apparent
increase in sturgeon landings in Winyah Bay oc-
curred. Anincrease in landings data may be a direct
resull of the increased fishing effort and not neces-

sarily a reflection of increased fishery resoucces.

HUMAN HEALTH IMPLICATIONS

Charleston Harbor Estuary

Shellfish populations are abundant in the
Charleston Harbor Estuary; however, essentially all
oyster and hard clam grounds are closed to shellfish
harvesting due to high bacterial counts. In 1982,
some 7.5 ha of oyster grounds existed in the Wando
River, 2.0 ha in the Ashley River, 5.6 ha in the lower
harbor, and less than 0.5 ha in the Cooper River.
Large beds of the hard clam, Mercenariamercenaria,
also exist in the lower portion of the estuary. There
are no data sets available for analysis of the potential
human health impacts due to inadvertant consump-
tion of poiluted shellfish or diseased finfish,

North Inlet and Winyab Bay Estuarles

Shellfish groonds found in Winyah Bay and
North Inlet estuaries, as in other water bodies of the
state, are classified as prohibited, restricted or ap-
proved by SCDHEC according Lo the quality of the
overlying waters . Most of Winyah Bay is ¢lassified
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as prohibited or restricted. Water quality is influ-
enced by the City of Georgetown through the Sampit
River, which receives discharges from waste treat-
ment plants, a pulp mill, and a steel mill. Potlutant
loadings from the Pee Dce, Waccamaw, and Black
rivers into Winyah Bay are dominated by agricultural
runoff, with additional inputs from wastewater treat-
ment plants. High levels of organic pollution have
resulted in the closing of the Sampit River to shell-
fish harvesting. Shellfish closures, however, had little
effect on recrealion since most recreation invelves
swimming, golf, and boating (primarily fishing).

North Inlet Estuary, on the ather hand, hasbeen
classified into three zones: the Mud Bay area adja-
cent to Winyah Bay as resiricted; an interface zone as
conditionaliy restricted; and the rest of the inlee as
approved. Again, there are no data available foi
analysis of the potential human health impacts due 1
inadvertant consumption of polluted shellfish o,

diseased finfish.



SUMMARY

The Charleston Harbor, North Inlet, and Winyah
Bay estuaries, located gnly 70 miles apart along the
South Carolina coast, are very distinct in terms of
amhrbpogenic inMfuences. Charleston Harbor is an
urban estuary with a controlied source of freshwater
flow, Its quality has acyyally improved aver the last
15 years due primarily 1o the upgrade of wastewater
treatment facilities {to gecondary trestment). How-
ever, the Charleston metropolitan area continues to
grow &t & significant rate so that recent improve-
ments in resource qguakity are once again in jeopardy
without adequate and holistic pleanning and manage-
ment.

The North Inlet and Winyah Bay estuarine sys-
tem is also subjecied to human influences, particu-
larly fram intand agricultural activities and nonpoint
source runoff, North Inted, historically isotated from
the direct influencexs of man, faces pressures from
rapid residential and reson development on adjacent
lands, Winyah Bay is alzo somewhat removed from
the direct effects of pollutanis, being buffered by
isrge expanses of marsh, but is influenced by river
discharge and agricuitural runoff.

It was apparent from the outsel that a character-
ization of these estuarine sysicms (including trends
analysis) utilizing ex ant data from existing informa-
tion resources would PoOte & greac challange. This
project provided added evidence that comparisons of
long-term trends or cOTBParisons among major estu-
aries is often not feasible unless comparable method-
ologies are used.

Not surprising, the& Major constraint facing the
project investigators was in the analysis and synthe.-
sis of datasets from divETrse sources; datasets which
first had to be identified, located, ang qualified.
Genesally, no standard Protocels or processes were
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followed among the various studies in the collection
of data in these estuarine systems, Much of the data
found in published reports and "grey” literature was
reported in a multitude of fashions, rendering direct
comparisons and trends analyses difficule, if not im-
possible. This was particularly true for the water
quality datasets acquired through the STORET files
of the US Environmental Protection Agency. Water
guality data collected during the study period (1970
10 1985) was not standardized to tide stage or river
discharge; prominant factors influencing water qual-
ity conditions. Therefore, while spatial trends could
be detected, temporal trends were most difficult to
identify. More recently, a SCDHEC study atiempted
to evaluate trends in the Charleston Harbor Estoary
using nonparametric procedures,

Secondly, many of the studies conducted in
Charleston Harbor, North Inlet, and Winyah Bay
estuaries were of relatively short duration (three
years or less), making atlempts to correlare resource
trends to the health of the systems tenuous. This is
less rue for North Inlet, where the Long-Term Eco-
logical Research program staff has been collecting
estuarine data for more than 10 years. However,
environmental studies examining the relationship
between resource use and health remain few in num-
ber and limiled in duration.

Nevertheless, several benefits have resulted
from this investigation. Obviously, no study of this
type had ever been performed for the Charleston
Harbor, North Inlet, and Winyah Bay estuaries. This
report should prove to be a useful reference to scien-
tists, graduate students, resource managers, and state
and local government officials. For instance, the
Office of Coastal Resources Management {NOS-
NOAA) has recently initiated the development of a
Special Arca Management Plan (SAMP) for Charles-



1on Harbor; a copy of this reposl was immediately
requested by the SAMP staff. Interest in the North
Inlet and Winyah Bay characterization has been ex-
pressed by a number of environmental consuiting
firms as background material for the development of
proposals in response to a call by the South Carolina
State Ports Authority to identify potentizl dredge
material containment areas in that region of South
Carclina. The literature cited offers a valuable source
of bibliographic references on refereed and grey
literature available for these systems.

The study also highlights the limited amount of
daws available for Charleston Harbor, North Inlet,
and Winyah Bay. Additional effort will be necessary
10 collect physical, chemical, and biological data on
a time frame useful for trends analysis. Most data
collected now, with the notable exception of those
collected in North Inlet, are associated with short-
term, single objective studies. Multi-objective and
multidisciplinary investigations into the relationships
between land use trends and the health of the estua-
rine ecosystem may be necessary. Unfortunately,
significant gaps in the data can be found for almost
al! attributes of the estuarine systems studied.
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A standardized method for collecting water qual-
ity data is necessary for meaningful temporal trends
analyses. Water quality data provide a legitimate
means far assessing the health of an estuarine sys-
tem, identifying “hot spots™ and analyzing temporal
trends. Until such a protocol is established. the watcr
quality data will be of limited use for detailed trend
analyses that are sensitive to detecting changes in the
estuary before they become significani problems.

The study of estuarine systems has been ongo-
ing for some 25 years. As is ofien the case with
scientific investigations, the gain in knowlcdge is
offsct by the number of new questions that are raised.
It will take many more years of study and significant
fintancial support to unravel and understand the com-
plex processes that drive estuarine systems and the
influences of man’s activilies on those pracesses,
However, resource managers and policy-makers do
not have the luxury of time on their side. Itis the use
of existing information, compiled and synthesized,
that provides the basis for the development of many
policies and plans; thus lies the value of this system-
atic characterization of Charleston Harbor, North
fnlet, and Winyah Bay estuaries.
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SYSTEM CHARACTERIZATION
SETTING

Watershed Characteristics

The entire drainage basin associated with
Winyah Bay is approximately 46,736 km?® and
encompasses 20.1%, 23%, and 1% of the total land
area of North Carolina, South Carolina, and
Virginia, respectively (Fig. III-1). The drainage of
this diverse basin originates on the eastern slape of
the Blue Ridge Mountains in North Carolina and
Virginia, travels through the Piedmont regions of
North and South Carolina and the Coastal Plain of
eastern South Carclina 10 Winyah Bay where it is
then discharged into the Atlantic Ocean. Of this
area, approximately 25,232 km? lies in North
Carolina and encompasses parts of 28 counties,
whereas in South Carolina iy encompasses parts of
14 counties (Chesterfield, Clarendon, Darlington,
Dillon, Florence, Georgetown, Horry, Kershaw,
Lancaster, Lee, Marlboro, Marion, Sumter, and
Williamsburg) and is 21,026 km?. The Yadkin
River originates in North Carolina and flows 327
km to the southeast where it junctures with the
Uwharrie River and becomes the Pee Dee River.
Several other major rivers are iributaries of the Pee
Dee River as it travels to the ocean, These rivers
include the Lumber, Lynches, Little Pee Dee, Black,
Waccamaw, and Sampit (Brooks et al. 1977). This
is a predominantly rural area.

The Pee Dee River is the major hydrologic
feature of the subbasin, It originates in North
Carolina and receives most of its flow {rom
drainage within that state. In South Carclina, the
dominant tributaries are Black Creek, Catfish Creek,
Jefferies Creck, and Thompson Creck. In the upper
portion of the basin, the streams either originate
within or traverse the upper Coastal Plain. Most of
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these creeks are associated with extensive swamps.
Average annual siream flow of the Pee Dee River
is 269 mY/s at Pce Dee, SC. The Pee Dee River has
alarge and well-sustained streamflow all year, with
flows ranging from 20 m¥/s 10 6,230 m¥/s (Brooks et
al. 1977},

The LynchesRiver subbasinislongand narrow. It
has an areal extent of 3,549 km? that covers portions of
eight counties (Chesterfield, Lancaster, Kershaw, Flo-
rence, Lee, Darlington, Sumter, and Williamsburg)
and comprises 4.4% of South Carolina’s land area.
Rural areas dominate this subbasin, The L.ynches and
the Little Lynches flow from the lower Piedmont of
North Carolina and South Carolina through the upper
Coastal Plain (dendritic drainage) into the lower Coastal
Plain {trellis drainage). In the lower Coasial Plain, Bay
Swamp, Lake Swamp, and Sparrow Swamp arc
moderalely sized tributaries (Snyder 1983). Flowsrange
from less than 3 mY/s to 708 m3/s, with a 45-year average
flow of 28.5 m*s (Brooks et al. 1977). The Lynches
River basin encompassescounties in North Caroling and
includes portions of Dillon, Marion, Horry, and Marlboro
counties in South Carolina. The areal extent in South
Carolina is 2,849 km? which is 3.5% of the state’s
predominandy rural land arca. The major watercourses
are the Little Pee Dee and the Lumber rivers which
originate in the Sandhills of North Carolina. Extensive
swamplands are associated with this system; an 87 km
section of the Little Pee Dee beginning at the confluence
with the Lumber is ¢ligible for the state’s Scenic Rivers
Program (Brooks et al. 1977). The 33-year average flow
at Galivants Ferry, 8C, is 91.8 m’/s {range 4-782 m"s).

The Black River subbasin drains 3,724 km?
(areal extent, 6.6% of Scuth Carolina's land area)

that encompass parts of seven counties (Kershaw,



Fig. II-1. Yadkin-Pee Dee druinage basin (Conscrvation Foundation 1980).
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Lee, Sumter, Clarendon, Florence, Williamsburg,
and Georgetown). It has a northwest-southeast
orientation. The Black River is the dominant
watercourse draining the subbasin. The primary
tributaries draining into the Black River are the
Pocotaligo River, Scape Ore Swamp, Pudding
Swamp, and Black Mingo Creek. Most of these
streams are located in the middle and lower Coastal
Plains except the Scape Qre Swamp which is lo-
cated in the upper Coastal Plain. This is a predomi-
nantly rural area (Brooks et al. 1977). Flows at
Kingsiree, $C, range from less than 1 m¥/s to greater
than 1,642 m¥/s, with a 45-year average of 26 m*/s.

The Waccamaw River also originates in North
Carclina, In South Carolina, it runs parallel to the
coast where most of Horry County and a part of
Georgetown County make up this subbasin, The
areal extent is 2,875 km? with approximately 44%
of the basin within South Carolina (Brooks et al.
1977). Much of this basin is covered by cypress and
hardwood swamps. The eastern edge of this subba-
sin (the Grand Strand) is a very popular tourist area
in the summer months with a targe transient popu-
lation, The 24-year average flow atLongs, 8C, is 34
m*fs, with flows ranging from essentially no flow to
314 mi/s.

The Sampit subbasin, which drains approxi-
mately 622 km? originates in Georgetown County,
SC, approximately 19 km upstream from ils entry
into Winyah Bay. The lower portion of the Sampit
River has been dredged to form Georgetown
Harbor’s turning basin. Extensive marshes and
swamps are adjacent to the upper portion of the
Sampit River. The lower portion of the river receives
wastewater from a pulp paper mill, Georgetown munici-
pal sewage treatment plants, and steel mill discharges as
well as other sources of pollution, The Sampit Riveristhe
most polluted river entering Winyah Bay ( Soyder 1983;
USACOE 1984).
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Winyah Bay is one of the largest estuarine
ecosystems on the Eastern Seaboard and is classi-
fied by Pritchard (1955) as a B-type ¢stuary (Fig.
111-2). It is located 14.4 km south of North Inlet.
Winyah Bay is 29 km long and extends {from the US
Highway 17 bridge 1o the Atlantic Ocean. The
surface area of Winyah Bay is 155.4 km? (Moore et
al. 1977). Winyah Bay and ils drainage basin are
surrounded by 124 km? of marshes; 87% of these are
tidally influenced. Freshwater marshes dominate
{92 km?)y and compris¢ 35% of the siate’s freshwater
marshes. A substantiat portion of the estuary is
surrounded by lands that have been set aside for
research, conservation, and edocation. The Belle
W. Baruch Foundation's Hobcaw Barony and the
Thomas Yawkey Wildlife Center border the bay
(Conservation Foundation 1980).

Winyah Bay is oriented in a northwest-southeast
direction, It has a mean depth of 4.2 m and a mean
tidal amplitude of 1.0 m. It is widest at the center
(7.2 km) and narrowest a1 the entrance (o the ocean
(1.2 km). Most of the freshwaler inputs are from Lhe
Pee Dee and Waccamaw rivers. Due to these
freshwater inputs the bay is partially stratified for
most of the year, Georgelown area inputs to the bay
are the primary influences on the water quality of
the bay, which has a *SC" water classification and
whose shellfish beds have been restricted since
1964, The Sampit is the most polluted river entering
the bay, while pollution from the Pee Dee, Black,
and Waccamaw rivers is dominated by agricultural
runoff. A prominent featurc of Winyah Bay is the
long rock jewties that project for more than 2
kilometer into the ocean from North and South
islands. In addition, there are several islands within
the bay and a very shallow area in the middle of the
bay (Mud Bay). A navigable channel 8.2 m deep,
140-200 m wide, and 28.8 km in length runs along
the axis of the bay and is maintained for commerce

from the ocean to Georgetown Harbor {Johnsen



Fig. I11-2, Map of study area including Winyah Bay Estuary and North Inlet Estuary.
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1970; USACOE 1976, 1984: Conservation Foundation
19803,

North Inlet Estuary is a bar-built class C 1ype
estuary (Pritchard 1955) located on the southern
extreme of the arcuate strand and the transition
from the strand 1o the cuspate forelands of the
Santee Delta and Cape Romain. It is 70 km north-
east of Charleston, Scuth Carolina. The watershed
is 24.8 km?, with 14.9 km?to the north draining a
moderately developed residential watershed into
the upper portion of North Inlet Estuary and 9.9 km?
draining a forested watershed to the west (M. Pennys
personal communication; Williams unpublished
data). The basin for North Inlel drains primarily
forested watershed to the west and a moderately
developed watershed to the north. Residential de-
velopment including a golf course is less than 2% of
the land area (Waccamaw Regional Planning and
Development Council 1985).

North Inlet is considered a pristine tidal estu-
ary in that it has minimal anthropogenic impacts. It
consists of Sparting alterniflora marsh (75.2%),
exposed mudflats (2.5%), and tidal creeks (22.0%).
The marsh is bounded Lo the east by sandy barrier
islands, the north and west by forested uplands, and
the southwest and south by Winyah Bay. North
Inlet connects with the coastal ocean via a tidal inlet
(Town Creek) on the castern bonadary and connects
to Winyah Bay through three creeks (South Jones,
No Man’s Friend, and Haulover) to the south. The
primary water exchange occurs through Town Creek
(79%) with inputs from Winyah Bay occurring with
southwesterly winds and during periods of high
river discharge. The North Inlet system is com-
posed of numerous tidal creeks with average chan-
nel depths of 3 m. The greatest depth exists (7.4 m)
in Town Creek adjacent to the inlet (Kjerfve et al.
1982). There is very litile freshwater input to the
system; it is less than 1% of the tidal prism which

It-3

contributes to a salinity range of 30-34 %o. North
Inletis influenced by a semidiurnal tide with a mean
range of 1.4 m and has tidally pumped circulation,
There is no significant veriical strarification of
salinity or density (Kjerfve 1982).

Sedimentary Regimes and
Geological History

Geological History

More than 95% of the Winyah Bay watershed
lies in the Coastal Plain province of South Carolina.
Underlying the sediments of the Coastal Plain is an
irregular surface of metamorphic and igneous rocks
formed about 345 to 500 millien years ago (Hatcher
1972 in Snyder 1983). These deposiis dip to the
south and southeast. During the Cretaceous to Qua-
ternary periods, sediments consisting of consoli-
dated and unconsolidated material from marine and
alluviat origin were deposited on the crystalline
rocks. The Coastal Plain province is further divided
into the upper, middle, and lower physiographic
regions. The upper Coastal Plain slopes eastward
from the fail line 10 the Citronelle Escarpment, the
Middle Coastal Plain lies between the Citronelle
and Surry escarpments; and the Lower Coastal Plain
between the Surry escarpment and the present coast-
line. The Coastal Plain exhibits moderate to low
relief (Snyder 1983).

Stratigraphy

Three formations of the late Cretaceous age
occur in the Coastal Plain: the Middendorf, Black
Creek, and Pee Dee. The Middendorf is composec
of light-colored laolinitic sands with lenses o
laolinitic clays. The thickness of the formatior
ranges from a few meters at the fall line to 238
north of Georgelown, The top of the Middendorf i
15 m to 35 m below the surface in the northerr



portion of the Coastal Plain and 400 m along Winyah
Bay. The Black Creek formation lies from 0.3 m to
10 m beneath Pliestocene deposits in the northwesi-
¢rn portion of the Coastal Plain 10 150 m to 170 m
below Winyah Bay, The formation is composed of
light gray sands inter-bedded with marine clays and
green sands. Thin conlinuous layers of impervious
calcareous sandstone are abundant in the upper
third of the formation. The thickness of the
formation ranges from 240 m 10 255 m along the
coast to less than 25 m in the nonthwestern portion
of the Coastai Plain at Parlington (SCDHEC 1976).
The Pee Dee Formation outcrops in Florence,
Wiilliamsburg, Horry, and Georgetown counties.
The top of the formation ranges from 15 m below
mean seq level in Orangeburg 10 less than 14 m in
Georgelown County. The thickness of the
formation ranges from a few meters at the upper lip
t0 120 m in the Georgetown area. The Pee Dee it
composed of dark-gray, fine, clayey sand with Joose,
coarse, and shelly limestone horizons (SCDHEC
1976; Brooks et ai. 1977, Snyder 1983).

Tertiary formations include Black Mingo,
Santee Limesione, Duplin Marl, and Waccamaw.
Sediments of the Black Mingo underlay the centra)
partof the Coastal Plain. The basementofthe Black
Mingo Formation is black shale, with the remaining
portion composed of fine sand, silty clay, sand-
stone, fuller’s earth, and beds of limestone. The
Sentec Limestone i8 composed of yellow to white
fossiliferous and calcarious Jimestone. The Duplin
Marl of the Plicstocenc age consists of deposits of
shell, sand, clay, and marl that extend as erosional
remnants over a large part of the Coasial Plain. The
formation is generally less than 17 m thick. The
Waccamaw Formation overlies ihese deposits and
is generally less than 3 m thick and parallels the
coast from North Carolina through Horry County 10
Georgetown. It consists of blue-gray to yeltow and
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brown sandy shell marl (Snyder 1983). In the area
directly adjacent to Winyah Bay and North Inlet the
geologic formations are characterized as follows
(Snyder 1983). The Waccamaw formation ranges
from surficial to 31 m in thickness; Blank Mingo is
located at 3) to 21 m and is approximately 91 m
thick; the Black Creek averages 198-229 m thick
and starts at 137-168 m; and finally, the Middendorf
which has an average thickness of 213 m and is
located at 335-366 m.

Origins and Morphology of Sediments

Overlying these deposits is a thin blanket of
unconsolidated sand, clay, and shell composing the
The average
thickness of the material is 3 m to 5 m with a
maximum of 15 m (SCDHEC 1976). Former sea
levels dissect this area into eight progressively
higher terraces (Brandywine, Coharie, Sunderland,

Pleistocene and Recent formations.

Wicomio, Penholoway, Talbot, Pamlico, and
Recent). Parent material in Georgetown County is
unconsolidaied material from marine or fluvial
deposits. The parent material was deposited during
the Pleistocene Epoch as Talbot and Pamlico
formations. The Talbot Terrace is S mto 15 m
above sea level and encompasses a portion of the
Winyah Bay watershed. The remaining portion of
the watershed is located in the Pamlico Terrace,

which has a shoreline less than 9 m (USACOE
1984).

Geomorphology

The average depth in Winyah Bay varies con-
siderably with location and tidal stage. Depths
range from shallow mud flats to natural channel
depths of 7.6 m at the lowerend of the bay (USACOE
1984). Two major factors influence the current
geomorphology of the bay. Jetty construction and



maintenance of a navigable commercial boat chan-
nel (8.2 m deep) have stabilized the geomorphology
of Winyah Bay. In 1857 Winyah Bay varied in
depth from 6 m (below mean low water) at the
mouth of the bay to less than 2 m an the large ebb-
tidat delta associated with the entrance to the bay.
The entrance to the bay extended scaward in a
southerly direction. In 1899 the main ebb-channel
was realigned to a more eastwardly direction con-
sistent with the jetty construction. The 5.9 km jetty
constructed in 1899 was a significant factor con-
tributing to bathymetric changes. Sand trapping
resulted in extensive shoating just south of the jetty
and the disappearance of the main ebb channel. By
1925 the area was transformed into & large intertidal
sand flat with a long subaerial sand spit attached to
the north end of the jetty. These deposits had accu-
mulated into barrier-like islands by 1964, Naviga-
tional dredging was initiated in 1948 and com-
pleted in 1952 (USACOE 1976). A 29-km-long
channel was dredged from the Port of Georgetown
to the jetty and maintained to an average depth of
£.2 m with varying widths of 140 m to 200 m (Little
1974; Hinde et al. 1981; Zarillo et al. 1983).

North Inlet

The current inlet within the North Inlet Estu-
ary is very dynamic. Presently, it is approximately
650 m to 850 m wide, has a maximum depth of 8 m,
and has been fairly stable since 1940. In 1878, the
main ebb channel was located approximately 1.5
km north of the current channel. In 1916, a breach
of North Island occurred at approximately the posi-
tion of the curreni channel. By 1925 the island
created by the breach eroded into a broad shoal and
a wide shallow inlet persisted. A 1925 hydrographic
survey showed two distinct channels with a com-
bined area of 1,300 m?. As the southern channel
became more efficient, recurved spits grew south-
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ward from Debidue Istand and the northern channel was
abandoned. During this period, theebb-tidal deltashifted
more thap 1.5 km southward. Between 1925 and 1964,
the southern channel enlarged 1o approximately the same
combined areas of the 1925 channeks. The main-ebb
chanael increased in length (exiending scaward by more
than 1,350 m) and the ebb-tidal delta increased in arga.
By 1963, a well-developed cbb-tidal delta was present.
This area continued to be very dynamic with the forma-
tion of spits and swash bars (Zarillo et al. 1985).

Climatology

The temperate to subtropical climate encompass-
ing North Inlet and Winyah Bay estuaries is controlled
by their low elevations and coastal locations, Tempera-
tures arc moderated due to the proximity of the
Atlantic Ocean and the Gulf Stream, giving rise to
both relatively lower temperature maxima and higher
temperature minima than would be found farther
inland. Two major factors affecting southeastern
coastal environments are the recurence of large
rainfatl deficits (droughts) and rainfail excesses
(tropical storms and hurricanes), Tropical storms or
hurricanes impact the South Carolina coast approxi-
mately once every 2.6 years (Geniry 1971),
contributing on average abaut 10-15% of the total
annuat precipitation at North Inlet but up 10 25% of
the area’s annual rainfatl (LTER unpublished data).
Droughts in the southeast have occurred 17 limes in
the past 100 years (Guuman and Plantico 1987).

The mean annual temperature (1951-1980) is
18*C. Temperatures range from an average of 8§.4°C
in January to 26.9 °C in July. The record high
temperature of 40.6°C was recorded July 10, 1977,
and the record low of -11.7 *C on December 11,
1962 (Fig. 11I-3). The mean number of days with



temperatures 32.2°C and above average 45 per year
and dsys with temperstures below 0 *C average 35
days (NOAA 1985). The average number of frost-
free days is 25, extending from mid-March (o0 mid-
November. No long-term treads in average tem-
perature were obsorved.

Wind direction and speed varies with season.
Nertheasterly (fall and winter) and southwesterly
(surumer) winds are the most common (each
accounting for 34%). Spring winds are the most
variable but predominantly from the southwest.
Narthwesterly and southeasterly winds are less
frequent (19% and 13% respectively). Winds speeds
are generally less than 24 mph with gusts to 56 mph
not uncommon (Newell [985). Highest seasonal
wind velocities originate from northeast (averaging
4 m/s), Lowest seasonal velocities originate from
the southcastern quadrant {averaging 2.7 m/s)
(Michener et al. 1990),

- Precipitation in the study area averages 130
cm per year (NOAA 198518). Annual precipiiation
patterns are highly variable due 10 the episodic
cccurrence of tropical storms and hurri-

month, respectively, Fall is wetter (24% of annual
precipitation) with 4 storms per month. Summer is
the wettest season (35% of annual precipitation)
with the greatest variation in storm frequency and '
size due to the frequent occurrence of tropical storms
The average (1935-1986) water
budget for Georgetown porirays a slight deficit (1
mm to 17 mm) from April to August (Fig, [I1-4).

and hurricanes.

There was significant year-to-year variation
in the water budget over the past ten years. Rainfall
excess over the period 1970-1986 averaged 90.3
cm, with a range of -6.5 ¢m 1o 88.9 cm (Sklar
unpublished date). Three years (1978, 1980, and
1986} had significant deficits of 2.5 cm to 6.1 ¢cm
dering summer months. :

From 1901 to 1985, twenty-two tropical storms
or husricanes made landfall on the South Carolina
coast (Purvis et al. 1986); oniy cight of these were
caiegory 2 1o category 4 intensity. No category 5
hurricanes hit the South Carolina coast during this
period. Two storms (September 17, 1945, and
September29, 1959, Gracie) were classified category 3

canes (Figs. II-4, U115, 1II-6). On an
annual basis, over 30% of the storms ac-
count for less tham 1 cm of the amnual
rainfall input. Because of the high proba-
bility of tropical storms, the rewurn fre-
guency for siorms with >10 cm rainfall in
24 hourg is only 2 years (Purvis and McNab
1985). The greetest monthly rainfall oc-
curredin Aogust 1971 (49,51 cm), with the
greatest 24-hour total occurring on Octo-
ber 15, 1954 (22.35 cm) (NOAA 1985).
Storm size and frequency for a given sea-
son are quite variable. Winter and spring
are drier (20% and 21% of annual precipi-

tation) and average 4.8 and 4 storms per

Temperature °C

Fig. I11-3. Mean monthly minimum and maximum air tem-
|_Peratures for 1951- 1980 for Georgelown, SC (NOAA 1985).
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and Hazel on October 15, 1954, was a cal-
egory 4 storm. Hazel had 171 mph winds and
tides up to 5.2 m. Gracie maintained hurri-
cang strength more than 160 km inland.
Damage occurred from Beaufort to Char-
leston with heavy rains,

Hurricanes or tropical storms are an
annual threat to Georgetown County. For
any particular year there isa 46% chance of a
tropical storm and a 13% chance of a storm with
wind speeds greater than 34 knots (Purvis and
McNab 1985). The occurrence and rainfatl
amount for storms with wind speeds greater than
34 knots are presented in Figure II1-5. The

inches
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Fig. 1.4, Water budget for Georgetown, SC. Mean monthly
precipitation for 1951-1980 (NOAA 1985). Evaporation was
calculated from the Thronthwaite equation.
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hurricane season for the South Carolina coastis
June to October with the maximum stonm occurrence
during September 24-30. The predominant storm direc-
tion is from the southwest.

Droughts are a normal part of the southeastern
climate. The southeast has experienced 17 droughts in
the 1ast 92 years (Guttman and Plantice 1987). Drought
conditions occurred in 20% to 25% of all months from
1895 to 1986 (Fig. I11-6). Dronghts in South Carolina last
from a year and a half to seven years. Major droughts
occurred in the 1920°s, 1930°s, 1950°s, and late 1980°s.
The most persistent drought lasted from 1952 to 1957,
The end of the 1950°s drought was marked by a rapid
shift to wet conditions which persisted uniil the late
1970’s. The 1980's brought a return to drier conditions.
The 1986 drought, while not unusually long (one year),
was the most severe on record.

Adjacent Land Use Patterns

In 1980, 619,800 people resided in the entire
Pee Dee-Yadkin Basin of South Carolina (Snyder
1983). Table HI-1 gives the 1980 population by
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subbasin and the major urban areas within each
subbasin in the region. No data were available for
the entire North Carolina and South Carolina por-
tions of the Pee Dee-Yadkin Basin for 1985 but
projections for 1990 estimated that 2,544,200 people
would reside in the basin ('Yadkin-Pee Dee River
Basin 1979). Population in the North Carolina coun-
ties of che basin was approximately 2.5 times greater
than the South Carolina counties.

Land use in the Pee Dee subregion of South
Carolina is primarily agricultoral (7,629.3 km?) and
foresied (9,422.7 km?*), comprising 81.8% of the
basin (SC Land Resources Commission 1989). Ag-
riculture is the dominant economic aclivity within
the Pee Dee River basin; 87% of the state’s 1ohacco
production occurs in this region. Additional crops
include soybeans (46.6%), corn (15%), cotton {3%),
grains (16%), and fruit orchards (< 1%) {Pait et al.
1989). Forestry resources within the entire basin
total 12,144.4 km?, with §7% in private farm own-
ership, 23% in forest industry, and 6% in fcderal,
state, or county control. Within the basin the dominant
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forest types are loblolly-shortleaf pine (28%),

oak-gum-cypress (22%), oak-hickory (21%),

and oak-pine (18%). Longleaf-slash pine

{9%) and elm-ash-cottonwood (2%) make up

a minor portion of the forest types (Brooks ¢t
al. 1977). in this subregion, urban areas are

3% (617.7 km?) and barren arcas (76.9 km?)

and water (133.2 km?) encompass 1% of the

land area. Forested wetlands (2,719.8 km?)
dominate the wetland areas (14.2% of the

area) in the subregion with nonforested wet-

lands only 1.1% of the area (SC Land Re-

sources Commission unpublished data).

The Waccamaw Region Planning Dis-
rict includes Georgetown, Horry, and
Williamsburg counties. These counties form
the lower portion of the Pee Dee subregion.
The total land area for 1these counties is 7,517
km?. In this region weiland areas (forested
and nonforested) significantly increase, ac-
countiag for 29% of the land area (Fig. 111-
7). Forests occupy 45.6% of the area and are
predominantly (43% of total area) forest lands
managed for timber and pulp wood. Agricul-
ture is also a significant activity (21%). Ur-
ban (2.5%), commercial {0.2%). and indus-
trial (0.3%) activities are minimal (3% of the
total land area) (Waccamaw Regiongl Plan-
ning and Development Council 1978).

The lower portions of the Waccamaw, Pee
Dee, Black, and Sampit rivers, as well as Winyah
Bay Estuary, are located in Georgetown County.
Therefore, land use activities in the councy di-
rectly affect Winyah Bay Estvary and North Inlet
Estuary.



Table ITI-1. Population distribution by subbasin within the Pee Dee-Yadkin
Basin for 1980. Populations of major urban areas in each subbasin are
included (Snyder 1983).

Subbasin 1980 Population Major Urban Aress
(% State Population)
Yadkin.-Pee Dee 202,400 Florence -30,145
Bemmensvitle - 8,841
% Darlington - 7,978
Marion - 7,622
* Hartsville - 7,616
Cheraw - 5,681
Lynches 83,200 Lake City - 6.739
I% Lancaster - 9,547
Litde Pee Des 77,600 Dillon - 7.065
<% Mullins - 6,038
Black 154,500 Sumter - 24,688
5% Manning - 4.727
Kingstree - 4,085
Bishopville - 3,466
Andrews - 2,935
Waccamaw 102,100 Georgetown - 10,115

3% Myrtle Beach - 17,351
Conway - 10,219

Residential
Commarcial
Industrial

Public & Semi-Public
Parks & Recreation
Vacam

Beaaches & Dunes
Agriculture
Watlands
Forested Waellands
Forest

0 200 400 &G0 BOO 1000
Acres (Thousands)

Fig, I11.7. The 1983 projected land use for the Waccamaw region based on 1978
survey (Waccamaw Regional Planning and Development Council 1978).
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In 1986, slighuly more than
2% of Georgetown County was
developed. Of the undeveloped
land (2,087 km?), S3% was for-
ested, 7.2% agriculture, 27% for-
ested wetlands, and 12% non-for-
ested wetlands (Tansey 1987;
USDOC 1987).

The Waccamaw subdivi-
sion of Georgetown County di-
rectly affects North Inlet  Es-
tuary, the Waccamaw River,
and the eastern portion of
Winyah Bay Estuary. The land
within the subdivision was pri-
marily undeveloped with 164.3
km? in forests and 77.2 km? in
wetlands. Within the subdivi-
sion less than 8% of the land
area was developed. Of the
total developed area in the
Waccamaw subdivision over
46% was residential, 22% golf
courses, 22% roads, and less

than 6% commercial.

Land use within the
North Inlet Estuary basin was
primarily forest or undevel-
oped land (89.6km?) with wet-
lands occupying 52.6 km’
Theremaining 1.1 km? are resi-
dential and golf courses
(Waccamaw Regional Plan-
ning and Development Coun-

cil 1985).



PHYSICAL AND CHEMICAL PROPERTIES

Freshwater Flow
Winysk Bay

Freshwater inflow lo Winyah Bay ranged from
5.7 m*fs atlow flow to 2,832 m*/s during major floods,
During periods of average flow the discharge was 424 8
m’/s (Snyder 1983). This freshwater inflow originated
primarily from the Pee Dee (90%), Waccamaw (10%),
and Sampit {< 1%) rivers (USGS, ten-ycar average for
the Peo Dec River; Mathews ct al. 1980, Waccamaw
River; Lawler et al. Engineers 1977 in USACOE 1984,
Sampit River). Atthe entrance 1o Winyah Bay the fresh-
water inflow from the Pee Dec resulted from discharges
of the Pee Dee, Lynches, Little Pee Dee, and Black rivers:
approximately 65% of this comnbined flow came from the
Pee Dee River (SCDHEC 1976; Snyder 1983). Flow
from the Pee Dee, Waccamaw, and Sampit rivers varied
seasonally (USACOE 1934} with the greatest flow oc-
curring during the winter months (Table 111-2).

A sall wedge occurred in Winyah Bay with the
norma} freshwaler interface varying sbout 6.4 km
between high and low tide (Allen ecal. 1984). The
interface penciraied 1o about 8 km above km 0.0 of the
Pee Der and Waccamaw rivers under average freshwaler

flow conditions but was 26 km above during periods
when freshwater inflow was less than 85 m?/s (Johnson
1970; USACOE 1976; Hinde et al. 1981). The
interface at high tide reached km 3.2 on the Black
River and km B.0 on the Pee Dee and Waccamaw
rivers under average flow conditions (USACOE
1976; Hinde et al. 1981).

North Inlet

Freshwater inflow 10 North Inlet varied from
1m¥s10 5 m¥sdue 1o groundwater input and uptand
runoff (Kjerfve 1984), Rainfall inputs averaged 1.3
m/yr®. On a volumetric basis approximately 50% of
the freshwater input came from rainfall. The fresh-
water contribution from Winyah Bay was unknown.
Freshwater inflow to North Inlet varied seasonalfy
with little or no flow during the summer and early
fail (Fig. ITI-8).

Tides
Winyah Bay

Superimposed on the unidirectional riverine
flow was a semidiurnai tide. Tides in Winyah Bay
varied from 1.2 m at the mouth of the bay to 1.0 m

Table I1I.2. Ten-year average river discharge for the Pee Dee, Waccamaw, and Sampitrivers (USGS ten-
year average for Pec Dee River; Mathews et al. 1980 for Waccamaw River; Lawler, Matuskey, and Skelly
Engincers 1977 in USACOE 1984 for Sampit River),

Pee Dee River Waccamaw River Sampit River
m3.r’s msfs m3 /s
Winter 800 M Li
Spring 530 4 1.1
Summer 305 4 1.1
Fall 305 34 11
Annual Average 480 K= 11
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SCDHEC personal communica-
tion}, Only during high freshwa-

J FM A MJ J

for 1978-1985 (Williams unpublished data)

A°S O N D

Fig. IT1- 8. Monthly freshwater inflow to North Inlet Estuary, averaging data

ter discharge into Winyah Bay
or with the dominance of south-
westerly winds was the nodai
point overridden and net Mows
traverse from Winyah Bay to
Nonh Inlel (Allen et al. 1982},
The temporal variability (total

Nux} of freshwater via this ex-
change has not been quantified.

North Intet

at Georgetown Harbor. Tidal variation increased onthe
average by 0.2 m during spring tides (Trawle 1969 in
Allen et al. 1984: USACOE 1984 ). Far-field forc-
ing resulted in higher tides daring the early fall
months and lower than average tides during the
winter months (Kjerfve and McKellar 1980). Me-
teorological events such as northeasterly blowing
winds increased tidal amplitude and infiuenced fong-
shore currents in the coastal boundary zone {(Schwing
et al, 1983),

Exchange with North Inlet

Flow between Winyah Bay and North {nlet
occurred through South Jones, No Man's Friend,
Haulover, and Sign creeks. Twenty-one percent of
the water exchange in North Inlet occurred through
Scuth Jones and No Man's Friend (Kjerfve et al.
1982). Of that water, 80% of the exchange between
the two systems occurred through South Jones
(Kjerfve 1978 in Allen et al. 1982). Haulover Creck
is narrow and shallow and flow was restricted to
within a few hours of high tide (Allen et al. 1982).
Water exchange between North Inlet and Winyah
Bay wasrestricted by anodal point located approxi-
mately 0.5 km to 1.5 km from the Winyah Bay
entrance {Schwing and Kjerfve 1980; D.Chestnut

The semidiurnal tidal range was 1.4 m and
ranged from 1.1 m during neap tidesto 2.5 m during
spring tides. The tidal prism measured 2.1 x 10" m.
The average residence time for water in North Inlet
wis 5.65 days, ranging from 7.26 days during the
fall 1o 4.03 days during the winter (Childers and
McKellar 1986). Tidal velocities were typically 1.3
m/s but occasionally exceeded 2.0 m/s {Kjerlve
1984). Because of limited freshwater input, flows
within North Inlet were dominated by tidal pump-
ing and water level variation. Water level variation
was apportioned iato semidiurnal (73%), diurnal
{13%), weather-induced (4%}, and seasonal (7%)
fluctuations (Kjerfve et al. 1982).

Seasonal variation in sea level resulied in a
seasonal variation in net waier exchange between
North Inlet and the coastal ocean (Fig. 111-9). Dur-
ing the fall, maximal net discharge of water from
Norih Inlet was ebb direcied, coinciding with fall-
ing sea levels. North Inlet imported water from
December through Aprit, some of which was stored
or exported through Winyah Bay {Kierfve and
McKellar 1980). Wind-induced low frequency con-
tinental shelf waves varied water level with-in the
estuary, Northeasterly winds caused southerly
coastal currents and Ekman flux sharcward. This
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More detailed tnformation
was available for current patterns in
North Inlet. Studies by Kjerfve and
Proehl (1979), Palmer etal. (1980},
Schwing and Kjerfve (1580),
Kjerfve et al. (1981), Kjerfve et at.
(1982), Kjerfve (1984}, Dameetal.
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1985 (LTER unpubtished daia).
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Fig. I1.9. Mean maontly tidal height measured a1 Oyster Landing for 1981-

(1986), and Eiser and Kjerfve (1985)
have detailed current dynamics
within the estuary and exchanges
belween North Inlet and the coastal

flux increased water levels by 0.8 m within North
Inlet Estuary. Southeasterly winds decreased water
levels by driving coasta! currents offshore (Kjerfve
1984).

Clirculation Patterns

Winyah Bay

Circulstion paterns in Winyah Bay were af-
fected by freshwater discharge, tidal forcing, coastal
currents, metcorelogical factors, density gradients
and topographic (eatures. Dewiled measvrements
of surface currents in Winysh Bay were not avail-
able. In gencral, the dominant factor influencing
currents in Winnyah Bay was the semi-diurnal tide.
During flood tides, cutrents were directed ug the
bay. iIn deeper channels, currents were not only
affected by the tidal rise but flow was enhanced by
density gradients caaised by higher salinity water. Tidal
influence occunned as 87as km 131.2 on the Waccamaw
River, km 73.6 on the Black River, and km 60.8 for the
Pee Dee River (SCDHEC 1976). Ebb tides reversed the
dircction of most surfiace currents and an increase in net
velocity occurred with the addition of river current com-
ponents, Botiom CUrrents had a net velocity up the
Bay due to densily gradients (USACOE 1984),

occan and Winyah Bay., Due to
limited freshwater input to North Inlet, the estuary is
well-mixed and lacks salinity stratification; therefore,
two-layered estuarine gravitational circulation does not
exist. Flow varies laterally from a non-inear interaction
between tidal currents and estuarine bathymetry, This
mode of circulation is referred to as tidal pumping.
Circulation is driven, therefore, by the same f{actors
which influence the tidal variation (lunar cycle, winds,
far-field forcing, Eckman pumping, etc.) (Kjerfve 1984).

Tidal currents dominate with flows averaging 1.3
m/s. Velocities as high as 2.3 m/s have been measured.
Velocilies were tidally asymmetric with maximum ¢bb
velocities significantly greater then peak flood curents.
The net current was uni-directional with depth but varied
in direction lalerally, 1t was not uncommon o have net
flow lateral reversal within a channel cross section
(Kjerfve 1978). Residual circulation was small when
integrated over a given channel cross section. Because of
lateral flow variation within a cross section, depth-inte-
grated residual flow may vary by 25 cmy/s (Kjerfve et al,
1982). Kjerfve ctal. (1982) found large lateral variation
in tidal currents in transects across Town Creek.

Net ebb currents occurred in the main channel and
net flood cuments in the secondary channel. These

I1-14



patterns resadt 1 a net cxport of water through Town
Creck, Sumilar patterns wers noted iR Fansects across
creeks near the inlet mouth. A bimodal bathymetric
profile was apparent with the deeper channel experienc-
wig net chb currentz and the secondary channel having net
flood currenss {Kjertve 1978). These tidally-driven cir-
culation patterns intraduce Jacge spatial variations as
tides interact with local bathymetry {Kjerfve et al 1982).
Sunitar studies conducted in South Jones and North
Jones creeks showed different patterns. In North Jones
the muin channel flows were flood directed and the
secongdary regions were chb directed. South Jones hasno
tidally averaged current reversal. The fack of complex
hathymetry in Scouth Jones Creck may contribate o

diffcrences in circufation (Kjerfve et al. 1982).

Topographic variation may be an important factor
as well in determining the significance of sheet flow ©
North Inlet’s circulation patterns. Sheet flow occurred
when nou-channelized water floods the marsh surface.
Estimates of the imporiace of sheet flow vares with
locationin Nosth Inlet. Tnthe Bly Creck basin, sheet flow
accounted for only 1.1% of the tidal prism (Eiser and
Kjertve 1986), In the Ovster Landing basin, Miller and
Crardner { 1981) atlributed as much as 50% of the water
flux to sheet flow from the adjacent marsh. The Bly
Creek system s arectangular basin approximately 450 m
widle and 600 m long with the creek proper occupying
a much greater portion (17%) of the 720,000 m® water-
shed. The Ovster Landing basin 1s 140,000 m* with the
creek occupying aboul 2% of the watershed, or approxi-
mately 3,307 m? (calculated from Miller and Gardner
14981}, The apparent differences were due 10 topographic

features of the two systems,
Sedimentary Patterns
Winyah Bay

Terrestrial sediments werg supplied o the by by

the dendritic network of sircams and inbutarics drasning

15

the 46,258 km¢ basin of North Carolinz and South
Carolina. Rivers cross four physiographic provinces in
the Carolinas, cach having distinctive soil tvpes, siopes,
plantcover, and erosion raies (Conseevation Foundation
TORM. Impounded lukes and ponds trap most sediments
originating in the Picdmont region of the Yadkin-Pee
Dee system. The sediments that veach the bay originye
helow the tast major reservoir on the Yadkin River norih
of the North Carolina state hine (Conservauan Founda-
Lion 1980)

The US Soii Conservation Servige {1979 calcy-
lated that 2.3 x 10 kg of soil were eroded throughout the
watershed per year. Although atatalof 1.2 x 30° m? were
discharged within the basin, losses due o bank overflow
brings the total reaching the bay to 7.6 x 10w {US Soit

45%

B Atluntic Coast Flatwoods
Southern Coastal Plains
£ Sandhilly

Piedmont

Fig. 1}-10. Contribution of sediment (3.2 x ¥ m"
W0 Winyah Bay trom the vanows geographcal prov-
inces i South Carolina (US Soil Conservauon Ser-
vice 19795 The remaining ¢
the diagram is non documeniad in the publication,
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Conservation Service 1979). The South Carolina State
Ports Authocity reports that this may be an undesestima-
tion (Davis and Floyd, Inc. and Litle 1983). The origin
of the sediments reaching Winyah Bay are depicted in
Figure 111-10.

The majority of these sediments were silt and clay
which predominate bottom sedimenus in the upper third
of the harbor and eswary (Fig. III-t1)., The bottom
sediments in the lower bay reaches have more than 59%
sand with the percentage of sand increasing toward the
enrance channel. The surface sand formations were
deposited on marls, sands, clays, and limestones formed
by sedimentation (Colguhoun 1973). The surface sands
were angular, fine 10 coarse in texture, and generally
arkosic, contsining 2 high percentage of pure white
kaalin. Most of the coastal plain deposits were soft or
soluble. Sediments were mostty sand and clayey sand in
the decper channels. Where currents were 100 weak 10
transport sand, bottom sedienents were primarily clays,
The distribution of sand was restricted 10 areas where
currents were greatest such as the head of the bay where
major rivers enter and the mouth of the bay where tidal
currents were the greatest (Colquhoun 1973),

Shelf sediments in this region appear io be primar-
ily represented by medium to coarse grained sands (Pilkey
et at, 1979). Hinde et . (1981) found that two of three
sutions lecated outside the jetties consisted mostly of
medium to coarse sands and the thied was characteristi-
cally mostly silty clays. Mathews et al.{1980) found that
the north jeity of the bay entrance channcl traps the
southerly litoral sedimentdrift, resulting in deposition at
the southern end of North ksland, Also, they indicated
that the original Winyah Bay cbb-tidal delta has been
removed since the completion of the south jetty. Stapor
and Murali (1978) noted (hat between 1925 and 1964
South Istand experienced a net deposition rate of 70,000
m’fyr from onshore sand movemenl under the influence
of waves and tidal currents.

North Inlet

Gardner and Bohn (1980) described North Inlet as
a marsh basin in an early stage of evelution under
conditions of slow submergence. They suggested that the
inerridge of the marsh is sand. A narrow area along the
main tidal channel is comprised of mud and silt. They
alsa found that the sand areas of the marsh contained tree
stumps and roots indicating the arca was onginally forest
that, through succession and salt water intrusion, had
evolved w marsh, There was little information on the
sedimentary panterns and processes occurring in the
inlet. Using Pb 210 sediment profiles, Sharma et al.
{1987) have shown that present sedimentation rates (1.4
- 4.5 mmy{yr) were comparable to rates over the past 20
yearsof 1.3- 2.5 mm/yr. These ratcs were comparable to
local sea level rise (-3.0 mm/yr) in the inlet.

Basic Water Quality Parameters

Only two sources were available for describing
seasonal water quality paramcters in Winyah Bay Estu-
ary (Fig. HI-12). The SCDHEC STORET station MDO80
is located near the US Highway 17 bridge at the head of
the bay. Daia were obtained from surface samples, Allen
ctal. (1982, 1984) sampled 14 staiions bimonthly over a
two-ycar period at two depths (surface and bottom) (Fig.
nI-13),

The longest continuous data available on water
quality paramelcrs for North Inlet was the LTER data-
base with daily measurements at three stations for 1981-
1986 (Fig. I11-12). Additional shonter studies on specific
paramcters (dissolved oxygen, pH. nutricnts) have been
conducled ata number of locations in North Inlet Estuary
{Gardner 1973, 1975; Erkenbercher and Stevenson 1977;
Kjerfve and McKellar 1980; Gardner and Gorman 1684
Dame ct al. 1986; Whiting et al. 1987, Wolaver et al.
1988).
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Fig. llI-11. Map showing sediment distribution in Winyah Bay (USACOE 1984).
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Fig. 11I-12. Map of water quality stations in Winyah Bay Estuary and North Inlet Estuary {1 - Allenet al. 1982, 1984;
2 - SCDHEC STORET database; 3 - LTER unpublished data; 4 - Whiling et al. 1987; Dame et al, 1986).
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Fig. I11-13. Sampling stations identificd by station name for studies conducted by Allen et al. (1982, 1984). Stadon
locations arc identified by the following codes: Pee Dee River (PD), Sampit River (SR), Waccamaw River (WR),
Pennyroyle River (PR), Upper Station (US), Belle Isle Marina (BI), Thousand Acre (TA), Pumpkinseed (PS), Mid
Station (MS), The Cut (TC), Esterville Plantation (EP), Mud Bay {MB), Shell Bank ($B), and Lower Station (L.8)
(Allen et al, 1982, 1984},
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The average annual temperature was 18.7
3 + 2,0°C, with a mean monthly tempera-
304 ture of 8.3 °C in January to 27.2 °C in
O 25 July. These temperatures were similar
gé 20 to Winyah Bay (MDOSD) for the same
2 ” period (mean 19 + 0.9°C, range 6.6 *C
E_ ) in fanuary 1027.6 *C inJuly). No spatial
E 101 differences in temperature were ohserved
. 5 in North Trlet Estuary.
J FMAMUJJAGSORND Salinity
Fig. [11-14. Mean monthly temperature (£ SD) for 1977-1986 for | * mYab Bay
sttion MDURO (SCDHEC STQRET database).

Temperature
Winyuh Bay

The scasonal temperature regime for Winyah
Bay is depicted in Figurc [11.14. The ten-year
temperatuse range was 4°C to 32°C, with an average
temperdiure of 19.2 + 0.7°C. The mean monthly
range was 6,3°C in January 10 28.2°C in July. The
lemperature extremes generally occurred in the shal-
low wreas of Mud Bay (Allen ctal. 1984). The work
of Allen et al. (1984), which provides more detailed
infarmation on the 1cmperature

The scasonal salinily pattern and
monthly variability in the bay were primarily deter-
mined hy the amount of freshwater inflow and 1idal
inlrusion. Lowest salinities occurred during the
winter and early spring months coincident with
freshwater inflow (Fig. I11-17). The range for the
ten-year MDORO data was 3.5 %e 10 15%e, with a
mean salinity of 7.4 %o (% 2.05). The mean monthly
range was 0.6 %o 10 8.4 %, with large variations in all
months. High variability occurred during June, August,

and October duc wo interannual variation in freshwa-
ter flow induced by tropical storms or hurricanes.

regime, shows no significant

spatial leeperature variance io 3o e
the bay forcither the verticat or S 25 | L . l & .\.
horizonial planes (Fig. 111-15), P_,m 20 |
The mean monthly temperature % 15 | .‘":‘::—“—.'\'__.Mar
was sumilar Lo those for the 2 1g

n_ -
MDORO stat ] ]
ATH }-i()\ldlll.]n. Johnson (]9?0] 5 5 | | —~— or—— Jar
also found litde 1o no vertical 0 )
strauficaon in temperature. Upper Belle Midale Mud Shell Mother

Station  |glg Station Bay  Bank  Norton

North Inlet

North Inlet emperature
data covering the period 1981

1Y&S ix shown in Figure 111-16, {oron) of Wi

e

Fig 111-35. Monthly sorface and bottom lem
gradient from upper (U

nyah Bay (Allen et al. 1984),

peralures along a longitudinal
pper Suation) Winyah Bay 10 the mouth (Mather
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ence) indicating a strang iaflucnce
by freshwater discharge. The mid

bay stations (Belle 1sle and Middle
Station) had strong vertical stratifi-
cation, suggesting occanic influence
on the bouwtom waters and riverine
influence on the surface waters. When
freshwater discharge was lowest, oce-
anic waters affected the upper bay.

There was strong vertical stratifica-

a0
o
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@
=
&
3
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D
’_
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J FMAMI J AS OND
Fig. I11-16. Mean monthly temperatures (+SD) for the years 1981-1986
averaging all three stations (LTER unpublished data).

tion in the upper half of the bay due
to occan-dominated botlom walers.
The lower half of the bay exhibils
little vertical stratification, indicat-

ing a dominance of tidal mixing dur-

12

ing low flow periods.

10

Salinity (ppt}
&

o N B3

North Inlet

The data from the Long-Term
Ecological Research program in North
Inlet show spatial and temporal vari-
adons insalinity (Fig. [11-19).In general,
the highest salinities werefound at Town

station MDO80 (SCDHEC STORET database).

J FMAMJ JASOND

Fig. I11-17, Mean monthly salinities (+ SD) for years 1977-1986 for

Creek (33.3 + 0.2 %c) while Clambank
(31.8 +0.4 %) and Oyster Landing (31.4
+ 0.4%c) have similar salinities. Salini-

ties tend to be spatially homogeneous

The data from Allen et al. (1984) indicate strong
spatial and temporal variations of salinity for the bay
{Fig. 111-18). During periods of high river discharge
(Fanuary) surface to bottom salinity differences were
small, with salinities primarily influenced by freshwater
inflow. Tidal salt intrusion was minimal throughout the
estuary. The greatest surface to bottom vartation oc-
curred at the Middle Station. During March greater spa-
tial variation in salinities occurred. Lower bay stations
were influenced by high salinity tidal oceanic waters with
little surface to bottom differcnces. The upperstation had
very low salinities (little surface to bottom differ-

over a year becanse of high tdal ex-
change; however, on a short-term basis (on the order of
days) substantial salinily variation occurred. Mean
monthly cencentrations ranged from 29.5 + 0.3 %¢ in
May to 34.4 1 0. ] winOctober. Oyster Landing salinity
was greatly influenced by storm-generated {reshwater
runoff while Clambank was influenced to a large degree
by intrusions from Winyah Bay withhigh river discharge
or wind-driven phenomena. These influcnces result in
lower spring salinitics for Clambank and Oyster Landing
than found at Town Creek (Fig. IM1-19),
salinities in September were due to the freshwater dis-

The lower

charge associated with tropical storms or hurricanes.
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1973).

Table I11-3. Range of pH in interstitial pore water and salt marsh
surface walers near Gioayg Island, North Inlet Estuary, SC (Gardner

Margins of lidal creeks 6.55-7.30
Interior of marsh 6,60 - 6.75
Sandy margin along Goat Island 590-6.60
Surface seawater 8.00-8.10

pH

Winysh Bay

with maximum productivity. Monthly dissolved
oxygen concentrations range from 3.5 mgl 1015
mig/1 for the ten-year SCDHEC data (Fig. III-21).
The mean monthly concentration range was 5.2
mg/l to 10.9 mg/l, with the greatest varation
occurring in January. Johnson (1970) reporied
dissolved oxygen concentrations during the win-
ter months from 8.5 mg/l to 11.8 mgf, with an
average of 10.0 mg/. These data represent a

saturation level of 75-95%. He found littte 1o no variation
with depth.

North Inlet

There were no observabic vends in pH with tem-
perature or discharge in Winyah Bay Estuary (Fig. III-

20). The pH range was 4.9108.2 for the ten-year
SCDHEC data set. The mcanmonthly range was
6.6 10 7.2, with the greaitest variation occurring
in August,

North Injet

Estuarine surface waler pH was less
variable than inlerstitial walers. In the summer
of 1971, Gardner (197 3) profiled the interstitial
walers of Norh Infet and reposted the pH values
found in Table 111- 3. Giardner's (1975) studics,
conducied July - August 1972 and June - July
1973, found an average pH of 6.8, with a ange
ol 64w 7.8 Suface pH ranged from 8.0108.1.
Erkenbreches and Stevenson (1977) reponed &
mcan surface water pH of 7.5 witharange of 7.1
to 7.9. Their study was conducted in two tida]
creeks over five separate tdal cycles; 130 pH
measuremenis were made.

Dissofved Oxygen
Wiayah Buy

Monthly diss olvedoxygen concenira-
tions were inverscly £€1ted o temperawre,

with the lowest coOnCCNlrations coinciding

Gardner and Gorman (1984) measured dissolved

January

Salinity (ppt}

o

Upper Belle Middle Mud Shel  Molher
Station  Isle Station Bay  Bank Norton

Fig. l11-18. Comparisons of surface and bottom salinities alonga

I.ra.nsect from upper Winyah Bay (Upper Station) to the mouth of
Winyah Bay Mother Norton (Allen et al. 1984),
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Fig. 11I-19. Mean monthly salinity (£ SD) for station MDGBO for
1977-1986 (SCDHEC STORET database).
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Fig. 111-20. Mean monthly pH (+ SD) for station MDO8O for 1977-
1986 (SCDHEC STORET) database.
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Fig. 11I-21. Mean monthly average dissolved oxygen (DO) (£ 5D)
for station MDOBO for 1977-1986 (SCDHEC STORET database).
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oxygen at Oyster Landing Bridge in June
1977. He reported a range of 1.5 ppm 0 7.4
ppm. The dissolved axygen concentrations
were closely linked 1o diumal and 1idal varia-
tions. Highest dissolved oxygen concentra-
tions occurred athigh tide during the dayhght
hours and lowest concenirations at low tide
prior to dawn. Erkenbrecher and Stevenson
(1977) examined DO over five tidal cycles
and found that DO ranged from 2.3 mg/l 10
8.5 mgl (n =96, mean = 5.1}

Nutrients
Phosphorous
Winyah Bay

The only long-term data available for
Winyah Bay was total phosphorus at station
MDO80 (SCDHEC STORET database). To-
tal phosphorus averaged 3.02 pg a1 £ 2.04
(8D 0.63 10 9.68 g atA) {or the period 1976-
1987. Similar concentrations were detected
by Allen etal. (1984) for 1981 and 1982, with
amean of 2.65 g at/l and range of 0.7 - 11.5
ug avl, for all stations averaging surface and
bottom (Fig. 111-22). Seasonal variation in
total phosphorus (from MDO80 s1ation) was
positively correlated with temperature. The
highest monthly concentration occurred in
June (4.37 pg a1 + 2.41), and lower concen-
trations occumred during the winter months
(October 2.1 + 1.34 ug all}. A bimodal
seasonal pattern was cbserved by Allencial.
(1984} during 1982, with maximum surface
total phosphorus occurring in Janoary (241
atfl + 3.0} and a second peak in concenration
during July (3.3 pg avl = 1.7) (Allen ot al.
1984).
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Fig. [11-22. Mean monthly average total phosphorus ( SC) for MDOSO
(A} and averaging all siations sampled during the Allen ct al. (1984)
study (B),

200
1.75 -
1.50 ~
1.25 4
1.00 4
0.75 -
0.50
0.25 H
0.00

Onthophosphate (ug ay1)

SOND $ FMAM] JAS
1981 1982

Fig. 111-23 Mean monthly average onthophosphate concenrations
combining all stations samplec (Alen et a). 1984),
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Total phosphorus concentrations in-
creased with depth and bottom samples were
always higher than surface samples (bottom
3.08 pug a/l, surface 2.17 ug aul). The high-
estconcentrations were detected at Esterville
Plantation (4.2 pg at/l) which is located
approximatety mid-bay. The Sampit River
had the highest total phosphorus concentra-
tions (Sampit 3.8 pgat/l, Pec Dee 2.2 ugat/
|, Waccamaw 2.6 ug ay1). With the excep-
tion of January 1982, there was a general
decline in concentration from Upper Station
to Mother Norton, indicating a river source
for wtal phosphorus. During January this
pattern was reversed with highest concen-
Lrations located lower in the bay. Esterville
Plantation may have been the source of the
elevated concentrations in January ( bottom
tolal phosphorus concentrations of 14 2 pg
aul, Allen et al. 1984),

Orsthophosphate concentrations in
Winyah Bay averaged 22% of the total
phosphorus (Allen et al. 1984) (Fig. [11-23).
Overall mean orthophosphate concentration
was 0.55 pg a1l + 0.32. There was little
variation with depth or season (maximum
concentrations in March of 1.19 ug a1 *
0.54 avthe surface and 0.94 pg a1 +0.38 at
the bottom and minimum concentrations in
January of 0.29 pg at/l £ 0.09 at the surface
and 0,32 pg a1+ (.10 at the bottom). The
rivers were the apparent source of orthophos-
phate (average river input 0.67 ug aifl
0.29). The Upper Swation concentrations (0. 77
Kg a1 t 0.45) were similar 10 river input
and Mother Norton was lowest (0.24 pg at/
12 0.12). The remaining stations in Winyah
Bay were very similar, averaging 0.55 Hgay
1+032,



Table 111-4, Overall phasphorus concentrations (ug all) in water, averaging the three stations sampled daily for 1981-

1988 (LTER unpublished data).
Mean SE Minimum Maximuem
Toia) Phosphorus 1.03 0.012 0 1050
Particulate Phosphorus 0.58 0.010 4] 10.60
Dissolved Organic Phosphorus 0.01 0.005 L} 10.13
Orthophosphate 003 0.006 0 999

Table I11-S. Spatial variation in phosphorus in North Inlet Estuary. Means (ug atfl) for stations Town Creek (TC),
Clambank (CB), and Oyster Landing (OL) represent an average of daily measurements for 1981-198R (LTER
urpublished data). No Man's Friend (NMF) and South Jones (SJ) means are an average of all data collected by Allen
etal. for 1981-1983 (Allen et al.. 1982,1984). NA - no data available.

TC CB OL NMF sJ
Total Phosphorus 0.74 0.95 1.56 22 2.89
Orthophosphate 0.018 0.036 0.06 002 0.04
Particulate Phosphorus 047 052 0.79 NA NA

North Enlet

Unlike Winyah Bay, the various phasphorus frac-
tions (total, dissolved organic, particulate, orthophos-
phate) have been investigated for North Inlet {Table IH-
4). Particulate phosphorus represented 56% of the total
phosphorus, with available phosphorus (orthophosphate}
comprising less than 3% and dissolved organic phospho-
rus less than 1%,

Concentrations of total phosphorus, orthophos-
phate, and particulate phosphorus vary with to sta-
tion (Table I11-5). The lowest total and orthephos-
phate concentrations were detected at Town Creek,
Highest concentrations were detected at the Iwo
stalions adjacent to Winyah Bay (No Man’s Friend
and South !ones). Winyah Bay influcnces not only
the phosphorus concentrations present but substan-
tially influences the fractionation, Within North
Inlct orthophosphate was less than 3% of the total

phosphorus, while waters influenced by Winyah
Bay have approximately 88% of 1he total phospho-
rus as orthophosphate. Particulate phosphorus con-
centrations were highest in walers adjacent 1o the
forest and decrease in concentralicn with station
depth{e.g., Oyster Landing »Clambank > Town Creek).

Total phosphorus, orthophosphate, and  particu-
late phosphorus concentrations all showed seasonal vari-
ations (Fig. [T1-24). Toial phosphorus concentrations in
North Inlet Estuary exhibited a distinct seasonal pattemn
with maximum concentrations occurting in Augusi{1.97
ng atll + 0.95 SD) and minimum concentrations during
the winter and early spring (averaging - 0.79 ug at/l +
0.57). Orthophosphate concentrations were very low and
showed a slight variation with season with higher con-
centrations during the summer ((L.56 pg at/ 2 0.48)
and lowest during the winter {0.23 pg at/l + 0.334

Particulate phosphorus variation was a major
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phorus were found at low tide in the sum-
mer and fall (0.7 - 0.8 ug at/1) (Dame et al.

1986).
phosphonus (1.87-2.03 pg at/l) occurred in

Highest concentrations of total

September and Ociober with an average
concentration of 1.37 ug at/l (Kjerfve and
McKellar 1980).

North Inlet Estuary exported phos-
phorus. Phosphorus flux from North Inlet

was 3.1 g/m?fyr with 54% (1.7 g/m¥/yr)
exported as orthophosphate and 0.06% (0.2
g/mifyry as ATP, Kjerfve and McKellar
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{1980) estimated the flux at 2,93 g/m?/yr
during the same period in 1978 and 1979
using daily flux cstimates. Greatest flux
occurred in September and October. Dame
et al. (1986) also found the greatest flux
during the fall (16 pg P/1). Estimated inputs
were not sufficient to balance the exports

unpublished data).

Fig. 11I-24. Mean monthly concentrations of the various phosphorus
fractions in North Inlet Estuary. Monthly means average all samples
collected (daily at three stations) for that month for 1981-1988 (LTER

reported by Dame et al. (1986) and Kjerfve
and McKellar (1980). It was not clcar what
the additional phosphorus scurces were
contributing to the reported export. Differ-
ences may in part be due to differing time
periods for various flux estimates. The

contributor to the total P variation, with maximum
concentrations reaching 1.44 ug at/l £ 0.70 in Au-
gust and minimum conc¢entrations, averaging 0.62

pg at/l £ 0.44 during the winter.

A study focusing on the exchanges with Winyah
Bay and the Atlantic Ocean was conducted from 1975 10
1980 (Dame et al. 1986). During this period total phos-
phorus showed little seasonal pattern while orthophos-
phate concentrations were higher in (he summer and fall
(Dame ex al. 1986). Concentrations of orthophosphate
varied with flow; concentrations increased with ebb flow
and decreased with flood tides and were higher on spring

tides than ncap. Highest concentrations of orthophos-
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phosphorus entering North Inlet Estuary
Dame et al. (1986)
estimated the tumover of orthophosphate at three days.

has a very high turnover time.

Nitrogen
Winyah Bay

In Winyah Bay only four nitrogen fractions
were measured: total nitrogen, nitrate, nitrite, and
ammonia (SCDHEC STORET; Mathews and Shealy
1978; Allen ctal. 1982, 1984). STORET data forcne
station (SCDHEC MDO080) provides the best long-term
average nitrogen concentrations for Winyah Bay. Am-
monium (NH,*) comprised approximately 18% of the
lotal Kjeldahl nitrogen (TKN: 75.78 ug ayl) present
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Fig. I1-25. Mean monthly corcentrations of various nitrogen
fractions in Winyah Bay (MDO80) for 1975-1985 (SCDHEC

ranged from 67.45 10 75.78 ug avl (Allen et al.
1982, 1984; SCDHEC MDOCRO). Concentrations
in the upper bay stations (72.8 g ai/; Allen et al,
1984) were similar lo those determined for the
MDOBO suation.

Seasonal patterns can be assessed from the
SCDHEC M D080 data which integrates approxi-
matcly ten years of variation in flow and concen.
tration measurements {Fig. 111-25), Higher dis-
solved organic nitrogen (DON) concentrations
occurred during May and October. The highesi
concentrations and variation (siandard error) in
total Kjeldahl nitrogen occurred in October
(124.29 pg a1l £ 75) and May (11715 ng atfl t
64.14). Both ammonium and nitrate-nitrite dis-

(SCDHEC MDOS0). Nitrate-nitrite concentrations (16.57
ug at/l) were slightly higher than ammonium (14.07 ug
at/l). It was not known how much nitrogen was particu-
late; however, dissolved organic nitrogen (TKN-NH *)
averages 61.71 pg avl.

Differences in nitrate-nitrite average concentra-
tions for a given study resulted from differing tempozal
and spatial resolutions. The lower concentratiens of
nitrate-nitrite (7,00 pg atl) determined by Mathews and
Shealy (1978} reflected their sampling regime (quarterly
covering 20 months fram 1973 to 1975 at one station) and
the more central location of their station in the bay than
the SCDHEC station. The nitrale-nitrite concentrations
measured by Allen etal. (1984) reflected a shorter period
of time than even Mathews and Sealy’s study but inte-
grated the bay and ils tributarics (14 stations were
sampled). Concentrations in the upper bay (16.2 ug at/
Ibottom and 17.0 ng at/l surface; Allen et al. 1984} were
similar to those measured at MDOB0 (16.6 pug avi).
Slighty higher nitrate-nitrite and total nitrogen concen-
trations occorred in the surface waters than bottom wa-
ters indicating a riverine source (Mathews and Shealy
1978; Allen et al. 1982, 1684). Total aitrogen dverages

played a bimodal concentration pattern with high
concentrations in early summer {June: NN = 22.8 ug at/
1, NH,” = 28.6 pg at/l} and mid winter (December: NN =
20.0 pg at, NH,* = 22.9 ug a/l). The greatest variability
in nitrate-nitrite occurred in May (14.42 £ 4.78) and in
July (49,07 + 8,57) for ammonium, suggesting different
factors may be responsible for concentrations during a
specific month although a similar seasonal pattern was
pbserved.

There was significant spatial and temporal vari-
ation in nitrogen concentrations in Winyah Bay (Allen et
al. 1984). Overall nitrate-nitrite and total nitrogen de-
creased along the mair channct from the upper bay o the
ocean during the spring (Fig, I11-26;. There was a srong
linear refationship of total nitrogen with salinity, sug-
gesting that the river watcrs entering the bay were signifi-
cant seurces of nitrogen. Average iotal nitrogen concen-
trations in these rivers were 20% (72.8 g av/l) greater
than the average concentration for the main channel
stations (59.8 pg at/1}. Waters exiting the hay 1o the occan
were 35% lower in nitrogen than waters entering the hay
from the rivers. This overail patiern varies scasonally.
During periods of high discharge (i.¢., January 1982) the

bay was fairly homogencous with concentrations
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Fig. I-26. March 1982 total nittogen (averaging surface
and bottom) concentrations along a transect from upper (Upper
Station) Winyah Bay 10 the mouth (Mother Norton) of Winyah
Bay (Allen et al. 1984).
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Fig. 11-77. January 1982 10} nitrogen (averaging surface
and bofiom} concenirations along a transect from upper (Upper
Station) Winyah Bay to the mouth (Mother Noron) of Winyah
Bay (Allen et al. 1984),
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Fig. HI-28. June 1982 ol niwogen (averaging surface
and bottom) concentrations along a transect from upper {Upper

Station) Winyah Bay 10 the mouth (Mother Norton) of Winyah
Bay (Allen eral. 1984).
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throughout the bay similar to the levels entering
from the rivers (Fig. 111-27). During low flow
periods stations in the upper bay have higher
concentrations than the lower portion of the chan-
nel suggesting a riverine source {Fig. [11-28).

Using Allen et al.’s (1984} data, USGS run-
off estimates for the Sampit, Waccamaw, and
Black-Pee Dce rivers and rainfall data for 1984-
1985 (LTER unpublished data), it was possible to
estimate annual flux of total nitrogen from river-
ine and atmospheric sources to Winyah Bay. Rain-
fall inputs were 3.8 kg/ha with total riverine inputs
(2.981 kg/ha) dominating the total nitrogen con-
tributions 10 Winyah Bay. No quantitative out-
puts from Winyah Bay exist. No studies have
been conducted to guantify flow and nutrient
cencentralions at a transect across the Winyah
Bay-ocean interface,

There were several major deficiencies in
understanding nitrogen dynamics in Winyah Bay.
Importand fractions were not quantified either
spatially or temporally. No data were availablc
on gascous forms of nitrogen. No studies have
been conducted (o estimate impontant transfor-
mations such as nitrification, denitrification, ami-
monification, and nitrogen fixation. It was not
known what role phytoplankton or wetland vege -
tation play in modifying nitrogen dynamics.

North Inlet

In the North Inlet salt marsh system the
predominant nitrogen form was dissolved or-
ganic mitrogen (60%), particulate nitrogen also
made up a substantial fraction (34%) (Table T11-
6). It was estimated that approximately 10% of
the particulale nitrogen was living biomass



Table 11-6. Overall mean (averaging stations 1981-1988) nitrogen fractions (ug at/!) in North Inlet
Estuary (LTER unpublished data),

Mean SD Sample Size
Total Nitrogen 33.67 12.65 5079
Dissolved Organic Nitrogen 20.25 9.63 4945
Particulate Nitrogen 11.52 8.02 4979
Ammonium 1.7 200 5015
Nitrate-Nitrite 0.55 0.79 5032

Table ITI-7. Mean siation (averaging all data for 1981-1988) nitrogen fractions (g at/l) in North Inlet Estuary (LTER
unpublished dala) and averaging all data sampled during the Allen et al. (1984) study (B). (Town Creek - TC,
Clambank - CB, Oyster Landing - OL, South Jones - SJ, No Man's Friend - NMF). * Whiting et al. 1987, 1 Allen
etal. 1982

TC CB oL sJ NMF

Total Nitrogen 31.36 3235 37.85 50.72* 43681

Dissolved OrganicNitogen  18.69 19.25 23.13

Particulate Nitrogen 1146 10.75 12.37

Ammonium 1.22 177 229 354+

Nitrate - Nitrite 0.36 0.76 0.56 427" 2,501
(Erkenbrecher and Stevenson 1980). Ammonium com- of these nitrogen fractions than Clambank or Town
prises 76 % of the inorganic nitrogen while only compris- Creek. Clambank was influenced by Winyah Bay. How-
ing 5% of the total nitrogen present. Nitrate-nitrite was ever, only nitrate-nitrile was elevated &t this station

less than 1% of the overall nitrogen available in North  relative to the Oyster Landing and Town Creek stations.
Inlet Estuary.
Total nitrogen exhibited a strong seasonal pattem
The highest nitrogen concentrations (all fractions) which covaried with primary production (of both phyto-
occurred at stations proximate o Winyah Bay (South planktonand Spartina) and the annual temperaturccycle.
Jones and No Man's Friend) (Table III-7). Nitrate- This annual variation was due primarily to seasonal
nitrite in this area of North Infel Estuary ranged from 4 1o changes in particulate nitrogen (Fig. [11-29). Particulate
12 times greater than other stations {Clambank, Oyster nitrogen maximum concentrations occurred i August
Landing, Town Creck). Town Creek was greatly influ- (1649 ug ayl = 0.34) and minimum concentralions were
enced by the coastal occan and had the lowestconcentra-  observed in January (6.83 pg ayl + 0.26). Dissolved
tions of all nitrogen fractions. Runoff from the forested organic nitrogen (mean = 19.21 pg ) was a consistent
uplands influcnced on Oyster Landing total nirogen,  portion of the total nitrogen pool throughout the year.
dissolved organic nitrogen, particulate nitrogen, and  Differences between mean monthly maxima (20.6 ug al
ammeniom. Oyster Landing had higher concentrations 1) and minima (17.5 pg al) were 3.1 yg at/l.
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Dissolved inorganic nitrogea (both ammonium and maximutn concentrations occurred during the early
nitrate-nitritc) have higher concenmations during the  summer (May 0.88 = 0.06 pg av1). The decline in
summer months (Fig. 111-30). Nitrate-nitrite seasonat nitrale-nitrite may have been due to utilization by phyto-
vanalion was similar to particulate nitrogen but the plankton, Phytoplankton biomass increased substan-
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Fig. II-29. Mean monthly (averaging all stations for 1981-

1988) nitrogen fractions in North Inlet Eswary (LTER unpub-
lished data).
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Fig. Hll-30. Mean monthly (averaging stations 1981-1988)
ammoniurm (A) and nitrate-nitrite (B) concentrations in North
Inlet Estuary (LTER unpublished data).
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tially during the summer months and, therefore,
may have contributed 1o declining concentra-
lions. Other studies have shown that nitrate-
nitrite was inversely related to phytoplankton
production (Zingmark and Blood unpublished
data). Ammonium concentrations were highest
during the late summer (July to September} with
the maximum concentration (2.42 £ 0.15 g at/i)
in July. However, unlike particulate nirogen,
concentrations were elevated from November
through February (consistent with perieds of fresh-
water inflow) and minimal concentrations de-
ected in March (1.02 £ 0.05 pg atl).

In contrast to Winyah Bay, nuirient patterns
in North Inlet Estuary were more closely related
1o the temperalure cycle than freshwater ninoff,
Increased concentrations in nitrate-nitrite during
May, June, and July in Winyah Bay were similar
to the peak concentrations in North Inlet Estoary;
however, the winter peak coincident with in-
creased freshwater input in Winyah B ay was not
evident in Nonh Inlet Estuary. Allenetal. {1984)
found peaks in nitrale-nitrite in January, March,
and June exhibiting a strong relationship with
salinity. Ammonium had the opposite relation-
ship to North Inlet Estuarine pattemns with highest
concentrations in Winyah Bah occurring during
lowest salinities. In North Inlet Estuary hiphest
ammonium concentrations occurred with highest
safinities (July, August, and September). Ammo-
nium concentralions were positiviely correlated with
seasonal variation in temperature in North Inlex
Estuary, but not in Winyah Bay. Total nimogen had
astrong seasonal pattern correlated with temperature
mmNorth Inlet Estuary butan erratic patternin Winyah
Bay (March and October were extremely variable).



BIOLOGICAL PATTERNS

Macrophytes
North Inlet

North Inlet Estuary had approximately 52 km?* of
sali marsh of which 49.1 (86%) was classificd as low
marsh and the remaining 2.9 km? (13%) is high marsh.
Low marsh arcas were dominated by Spartina alterni-
flora while the high marsh community contained a mix
of species including Spartina alternifiora (smooth
cordgrass), Juncus roemerianus (black needlerush),
Borrichia frutescens (sea ox-eye), Distichlis spicata
(salt grass), Spartina patens (marsh-hay cordgrass),
Fimbristyplis spadicea salt marsh fimbristylis,
Salicornia spp. (glasswons), fva frutescens (marsh
elder), and others (not identificd in publication) (Tiner
1977).

Winyah Bay

Winyah Bay had an extremely diverse plant
community arising from the broad range of salini-
ties which occurred in the estuary. Freshwaler
marshes comprised 90.6 km® (81%), brackish
marshes 19.7 km?® (18%), and sall marshes less
than 1% (0.8 km?) of the total 127.3 km? marsh
habitat in Wiayah Bay (Tiner 1977},
affecied by tides (111.1 km?) are 87% of the marsh
area.

Marshes

Wetland areas within the Winyah Bay water-
shed were analyzed by the SC Land Resources
Conservation Commission using the USFWS
Wetlands Inventery (SC Land Resources Com-
mission 19%9). The area evaluated (which in-
ciudes Winyah Bay) encompassed 727 km? of the
lower portion of the Pee Dee-Yadkin (Winyah
Bay) watershed. Land areas within the evaluated
partion of the Winyah Bay watershed were com-

posed of the following: 120 km?* estuarine (16.5% of
total area, 34.1% of wetland area), 8.4 km? lacusirine
(1.1% of total area, 2.4% of wetland area), 3.3 km?
marine {0.4% of tolal arca, 1% of weuland area),
198.2 km? palustrine (27.3% of total area, 56.3% of
wetland area), 22.3 km? riverine (3.1% of total area,
6.3% of wetland area), and 374.7 km* uplands (51.5%
of wotal arca).

Low marsh was dominated by Spartina alterni-
flora {(smooth cordgrass), with Juncus roemerianus
(black needlerush), Borrichia frutescens (sea ox-eye),
Distichlis spicata (salt grass), Spartinapatens {marsh-
hay cordgrass), Fimbristyplis spadicea {salt marsh
fimbristylis), Salicornia spp. {(giassworls), Iva
frutescens (marsh elder), and Limonium spp. (sea
lavender) in the high marsh (Tiner 1977).

The brackish marsh species included giant
cordgrass, Juncus roemerianus (black needlerush),
Scirpus robustus (sall marsh bulrush), Scirpus
americanus (common three-square), Scirpus validus
(soft-stem bulrush), Typha latifolia (broadleafl cat-
tail), Typha glauca (blue canail), Pontedaria cordata
(pickerel-weed), Sagittaria sp. (arrowhead), Hymen-
ocallis crassifolia (spider-lily), Spartina cynosuroides
(salt reedgrass), Phragmites communis {reed), and

Peltandra virginica (arrow-arum).

In low salinity brackish marshes, Spariing
cynosuroides (salt rcedgrass) occurred. Giant cutgrass
(Zizaniopsis miliacea} was a common plant in fresh-
water marshes along with Pontedaria cordata (pick-
erel-weed), Cladium jamaicense (sawgrass), Impa-
tiens capensis (jewel-weed), Sium sugve (waler
parnsnip), Polyfonum spp. (smart weeds), Nuphar
tuteum (yellow pond-lily), Cicura maculaia {(waler

hemlock), Sagittaria spp. (arrowhead), Hibiscus
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moscheusos (rose mallow), Scirpus validus (soft-
stem bulrush), Sparrina cymosuroides (giant
cordgrass), Typha {atifolia (brosdleaf cauail), Thypa
glauca (blue cattail), gyhrum lineare (loosestrife),
Nymphaea odorata {whi water lily), and Alternanthera
philoxercides (alligmuar weed). Alnus serrulata (tag
alder), Taxodium diseichum (bald cypress).Carpinus
caroliriana {(ironwood), Gleditsia aquatica (water
locust), Nyssa aquaitica (lupcto gum) Nyssa syl-
vatica (black gum), Liquidambar styraciflua
(sweetgum), Acer rubyrm (red maple), and Vibur-
num dentatum (viburnum) were several iree species
which occurred in the sc freshwater marshes (Tiner
1977, Conservation Foundation 1980). Shrubs
present in freshwater masshes included: Hex spp.
(hollies), Vaccinium spp. (bluebetries), Lyonia lu-

3 naked flagellates, and 1 cyanophyte. Neritic spe-
cies were more prevalent than oceanic species.
Freshwater forms were negligible. Tychopelagic
forms were more prevalent than cuplanktonic forms
and temperale species were most abundant. High
tide was characterized by oceanic species and fow
tide by resuspended benthic specics.

Thalassionema nitzschioides was continually
present and dominant in all seasons, Skeletonema costaium
was the next most abundant; only slightly below T
nitzschioides. The two specics comprised over 25% of
the phytoplankton community while 17 species made up
68% of the community {Tablc [1I-8). Some neritic tem-
perate genera (i.e., Chaetoceros) usually common in
Atlantic estuaries were found in lower concentrations in

cida (fetterbush), Myricacerifera(wax
myrele), Cyrilla racemifiora (i),

——— (6) (B!

Cephalathus accidentalis (buttonbush),
and Smilax spp. (catbrier) (Conservation

Foundation 1930).

No biomass. productivity, or
areal extent of individual specicshave
becn documented for Winyah Bay
marsh vegetation.

Phytoplankton
Nurth Inlet

Phytoplankion have been
sampled at a number of locations in
Norih Iniet Estnary {Fig 111-31), Hap
(1979) identified 229 speciesaf phyto-
plankion from samples collected a(
Town Creek near Northlalet (Appen.
dix [I-1). The phytoplankion com-
munity was com poscd of 201 diatoms,
23 dinoflagetlates. 1 silicoflagellaie,

Fig, 11I-31. Primary production stations in North Inlet, SC. (1 - Sellner
1973;2 - Vennewitz 1977, 3 - Hall 1979; 4 - Zeeman 1981; 5 - Allen et
al. 1983; 6 - Coutinho 1987, 7 - Erkenbrecher and Stevenson 1980).
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Resuspension of benthic algae affected
species composition, abundance and chlo-
rophyll a concentrations (Hall 1979;
Erkenbrecher and Stevenson 1980). Three
population maxima occurred during the

1976-1977 study peried. A major peak
occurred in mid- summer, a small peak in
mid-winter and an intermediate peak in
the spring. These peaks in phytoplankion
numbers coincided with the seasonal shifts
in phytoplankion dominance as noted by
Hall (1979) (Fig. I11-32).

Annual phytoplankton production
varied from 178 g C/m?/yr (Vennewitz
1977) to 409 g C/m*fyr (Zingmark 1977).
Annual phytoplankton production varied
spatially with lowest production at
Clambank and increasing southward fo
Winyah Bay or eastward to the plume out-
side North Inlet (Vennewitz 1977; Zee-

Table 111-8. Relative abundance of phytoplankton species at the

ocean- marsh interface. Samples were collected biweekly June

1976 - January 1977 (Hall 1979). * Benthic species
Species Relative Abundance %
Thalassionema nitzschioides 13.1
Skeletonema costatum 122
Melasira sulcata 58
Rhaphoneis surirella 54%
Cyclotella striata 50
Cymatosira belgica 5.0+
Campylosira cymbelliformis 4.1
Thalassiosira sp. 29
Bipioneis sp. 29
Biddulphia aurita LS
Coscinodiscus excentricus 1.5
Cymatasira lorenziana 14
Cocconeis sp. 14
Eunotogramma laevis 13
Navicula abunda 1.3
Rhaphoneis amphiceros 1.3
Coscinodiscus lineatus 1.0
Nitzschia seriala 1.0
TOTAL 68.0%

man 1981). Annual phyteplankton pro-
duction in Winyah Bay was approximately

North Inlet Estuary. Skeletonema costatus was dominant
throughout the year and Asterionelia spp. was codomi-
nant during winter months (Sellner 1973). Year-to-year
differences occurred in species dominance.
Asterionella glacialis found by Sellner (1973) to be
abundani were found only in June and July during
1976-1977 {Vennewitz 1977).

Standing crop estimates from cell counts
ranged from 1.1 to 3.46 x 10* cells/l during 1972-
1973 (Sellrer 1973). For the study period 1976-
1377, the mean cell count was 2,76 x 105+ 2.5 x 108
¢ells/m?. Tidal stage differences were noted for
beth numbers of phytoplankton (high tide: 3.35
10+ 3.08 x 10%, low tide: 2.04 x 10% % 1.65x 10°
cells/m?) and community characteristics (Hall 1979).
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twice that measured at Clambank
(Vennewitz 1977) while levels offshore were com-
parable to levels detected at Clambank (Zeeman
1981). The highes: total phytoplankton annual pro-
duction was measured in the North Inlet plume or
delta. Zeeman {1981) estimated total annual pro-
doction for 1980-1981 at 639 g C/m?/yr. Exchanges
with Winyah Bay and the coastal ocean indicated a
net phytoplankten import to North Inlet from these
sources (Dame et al. 1986).

Total phytoplankion productivity generally
followed the annual temperature cycleranging from
alow of 6.4 mg C/m?hrin Navember to high of 234
mg C/m%/hr in August (Seliner 1973) (Fig. [1T-33).
Studies of phytoplankton chlorophyll a and produc-

tivity exhibit the same scasonal pattern with maxi-



mum conceatration gccur- Table TH1-9. Annual phytoplankton production {g C/m®) at different locations in
ring during the warmer |y opynjer,
months and lowest concen- Station Production Study
tration occurring during ‘ —
winter months (Sellncret al. Clambank 151 Vennewitz 1977
; 380 Zeeman 1982
1976; Vennewitz 1977, Clambank Sellner 1973
' . Clambank 259 :
Zeeman 1981), Similar sea- NoMan's Friend 205 Venncw!tz 1977
sonal patterns werg ob- Mud Bay 285 Vennewitz 1977
served in Winyah Bay Town Creek 346 Sellner 1973
) ¢ | Town Creek 422 Zeeman 1982
{Aflen et al. 1984). Lowes P;) . 639 Zeeman 1982
concentrations were de- um Zeeman 1987
. Offshore 346 :
tected during winter months Unknown 273 Zingmark 1977
(199 mg Cfm?) and highest | (o0 409 Zingmark 1977
concentrat:ons in late sum-
mer {13.32 mgCfm?). These
studics indicate that tem-
peratuce and light were the Rhaphoneis surirella B B Sunmer
i 1li . e
major factors contre r:vnlgl Campylosita cymbeliformis .
i hloro ‘ -
production and ¢ rp y Melosiva suicata B Winter
concentrations, exhibiting a _ _
. . Cymatosira belgica
nasitive correlation. k&
Cyciotelia striata pad
Other factors influence Thaiassipsira sp.
phytoplankion biomass and Rhizosolenia alala L
prodigctivity, Zeeman (1981) Skeletonema costalus :
found chlorophyll g related to Thalassionema nitzschinides R
salinity (-), temperature (+), 0 5 10 15 20 25
phosphate (+),curment velogity
(+). and extinction coefficient e .
t. ) However. these f Fig. 11132, Seasonal phytoplankton abundance (number of individuals/species)
(o1 However, these factors | 0 o0 wn Creek, North Inlet Estuary, SC (Hall 1979).

cmly explained 30% of the vari-

aun, with temperature alone accounting for 24%., Ven.
newitz {1977} did not find any significant relationships
hietween inorganic nitrogen (ammoniam ar nitrate} and
daily total production, daily nannoplankton production,
oF tetal or nannoplankion chlorephyll 4. Only nanno-
plankion daily production was positively correlated with
urthophosphate. Levels of inorganic nutrients measured
during this study were suf {icicntly abundant so as not (o
imugt production. Erkenbrecher and Stevenson {(1980)

found tidal forces to be a major influence on the temporal
fluctuatior in chlorophyll a. Higher chlorophyll a was
found at low tide and following rainfall which they
attributed to resuspension of benthic algae. Zeeman
(1981) measured greater chlorophyll a in botiom waters
and also attributed his results to benthic resuspension.

It was unclear what role nuirients play it
L e rh
regulating phytoplankton in North Inlet. Althoug
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Fig. I11-33. Hourly phytoplankton production for two loca-
tions in North Inlet Estuary (Sellner 1973).
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Fig. IH-34. Seasonal chiorophyli a concentrations averaging
ali stations ampled during the Winyah Bay study (Allen etal.
1984).

[-1¢]
50 J
w40 ] m Wintter
E a0 Summer
G 4
oh
E 20 4
10 4
Upper Bele Middle Mud  Shell Moiher
Station  Isls  Siation  Bay Bank Nortan

Fig. I1I-35. Seasonal differences in the spatiaf chiorophyil a
concentrations in Winyah Bay . Stations arranged left to right
on graph to represent upper bay (fresh water) to lower bay
_io_ieanic water) (Allen et al, 1984).
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Vennewitz (1977) studies showed nutricnt lovels
within North Infet were not imiting, other stad-
ics indicate that phytoplankton were restricted or
limited within North Inlet. Zeeman (19815 found
Pmax = 14,1 (2.6-43) mg C/he/mg Chl a for North
inlet phytoplankion to be 60% of theoretical maxi-
mum. No causative factors were posituely
identified from parameters measured during the
study, bot correlations with Pmax and wempera-
fure and nutrients suggested they plaved a role.
Species size for North Inlet phyloplankton were
found to be in the extreme lower limits, due
possibly to nutrient limitation or light limitations
(Hall 1979).

Winysh Bay

Only two studies on phytoplankion bio-
mass have been conducted in Winyah Bay (Allen
et al. 1982, 1984). The average chlorophyit ¢
concentration i Winyah Bay was 5.16 mg C/m’
(.55 - Waccamaw River; 52,36 - Upper Station
mg C/m*). In general, higher chlorophyil a con-
centrations were detccted in surface waters, River
sources for chlorophyll a dominated in the sum-
mer and oceanic sources dominated in the winter
(Fig. 111-35). Spatial differences were ehserved
in Winyah Bay (Fig. 1[1-36). Chlorophyll a de-
clined wilh increasing salinity indicating a river
source for phytoplankton within Winyah Bay.
Overall, higher cencentrations were meas ured at
the Upper Station {10.38 mg C/m*) and declincd
southward toward the Atlantic Ocean {Shell Bask
- 2.78 mg C/m’y. Higher levels were detected at
Mother Norton {519 mg C/m*) indicating potarn-
izl aceanic sources for the lower bay, Scasonal
differences in this pattern were ohacrved. N
studies on specics composition bave feen on-

ducted in Winvah Bay Esiuary.



Fig, 11.36, Sampling locations for phytoplarkton studies in Winyah Bay Estuary (Allen et al. 1982, 1984), |
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Benthic Microalgae

Studies on benthic microalgae were limited.
No studies were conducted on microalgae in Winyah
Bay. In North Inlet Estuary only production esti-
mates were available. No explicit studies were con-
ducled on community composition in North Inlet
Esiuary. Benthic microalgae production during
1973-1975 was 2.5 times greater than phytoplank-
ton production for that same period (685 g/m¥fyr,
Zingmark 1977). Mean annual abundance of benthic
diatem cells at a mud site located in Bread and
Butter Creek was 21.0 x 10%(+ 7.6 x 10¢) diatoms/10
cm?and 5.39 x 10% (% 2.44 x 10%) diatomsf10 cm?® at
a sand site in Debidue Creek {Montagna et al. 1983).
Bimodal seasonal abundance at the mud site peaked
in February-March and July-August, Diatom abun-
dance at the sand site had one peak in July- August.

Benthic Macroalgae

Studies on benthic macroalgae were conducted
only in North Inlet Estoary. Benthic macroalgae
have been studied in several locations in Nerth
Inlet. Ebeling (1982) collected data from January 10
May 1979 at three sites (Oyster Landing, dock at
Clambank, Town Creek toward Winyah Bay from
Clambank). Fourieen species were identified, with
five species dominating the community (Table 111-
10; Appendix III-1). Benthic

Flood tida! delta
Oyatar bed

Tidal crwak 6%

Crest side 2%
Wig marsh ™
High marsh %

LA T T

T v T v L] v T
00 400 600 B0 000 1200
gc.‘m2

Fig.IH-37. Macroalgal production by habilat type
within North Inlet Estuary. Percentages were the
amount of the total areal production contributed by
each habitat type (habitat annual production weighied

by habitat area) (redrawn from Coutinho 1987).

Coutinho (1987) evaluated the spatial and 1em-
poral macroalgae distribution in North Inlet from
1983 to 1987. He identified 54 species of macroalgae
belonging 1o Chlorophyta {18 species), Phacophyia
(8 species), and Rhodophyta (28 species) (Appen-
dix I1I-1). North Inlet was not an important bound-
ary for the distribution of species on the East Coast
because none of the species were cither at their
northern or southern limit. The greatest number of
species occurred within North Inler and declined
toward Winyah Bay. Both species composition and
production varied wilh substrate type (Fig. 111-37).

macroalgae dominated during

the winter months and were a (Ebeling 1982).

significant source of cnergy

Table T11-10. Dominant macroalgae species weights and caloric content

Species Ash-free dry wi/m?2 Kcalig afdw
and carbon during that period.
For the major specics the aver- | Enteromorpha sp. 7.08 36
age ash-free dry weight/m? was | Enteromorpha siticulosus 1.44 34
0.50 33
2.59 (0.5-7.08 g afdw/m?) and Ulva Ia_cmca 0o
Bryopsis plumosa 3.58 h
had an average caloric content 037 27

of 2.78 Kcal/g afdw.

Parphyra leucosticia
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Species numbers were greatest during the winter
with peak reproductive activity occurring in the
spring. Mean daily net production of the dominant
species ranged from 0.033 o 6.3 g C/m*/yr with
most winter species producing more than 1 g C/m?fyr.
Species most productive during (he summer months
preduced less than 1 g C/m?*/yr. Eighty-four percent
of the macroalgal production occurred between De-
cember and April, with one third of the production
occurring in March, The average netannual macro-
algae production for North Inlet was calculated at
200 g C/im?, which was equivalent to the amounl of
phytoplankton production for the same time period.
Total annual production was estimated a1 316 g C/
m?yr and respiration calculated to be 118 gC/mfyr,
Annual production was greatest on the flood tidal

delta at North Inlet {exceeding 1,000 g C/m?*/yr) and
lowest (8.7 g C/m*/yr) in the high marsh (Coutinho
1987).

Benthic Infauna
Winyah Bay

Benthic infauna were highly diverse in Winyah
Bay (Hindcer2l. 1981; Allenctal. 1982, 1984; Van
Dolahetal. 1984). Sampling locations are givenin
Figure 1I1I.38, Van Dolah e1 al. {1984) found that
the number of benthic infauna species collected
from three sites offshore of the jeilies at the en-
tranceto Winyah Bay was considerably higher than
that collected for similar sites in Savannah, GA,
Charleston, SC, or Wilmington, NC. Samples yielded
more than 19,000 individuals representing at leasi
357 species of invencbrales, Polychaewes repre-
sented 43% of the 10tal number of species (Van
Dotah et al. 1984). Amphipods (42 species), pele-
cypods (42 species), gastropods (36 species), and
decapods (33 species}rogether with the polychaetes
accounied for B5% of the 1otal 1axa. Based on
numerical abundance, pelecypods dominated with

34% of the individuals collected, Polychaetes were
the nextmost abundant with 25% of the individuals,
followed by amphipods (10%) and bryozoa {9%]).
‘The relative abundance of major taxa at these sites
adjacent to Winyah Bay differed from Charleston
Harbor in which polychaetes (37%) were more abun-
dant than pelecypods (7%), cephalochordates (20%),
and sipunculids (5%) (Van Dolah e1 al. 1984},

Hinde et al. (1981) sampled 12 stations in
Winyah Bay and found 16,281 infaunal individuals
representing 154 taxa_ Polychaeles represented 35%
of the species. Amphipods (20 species), pelecy-
pods (16 species), decapods (13 species), gastro-
pods (7 species), isopods {7 species), and echino-
derms (5 species) rogether with polychaetes ac-
counted for 85% of the total taxa. Like the stody by
Van Dolah et al. (1984), pelecypods numerically
dominated and also accounted for a much greater
fraction (71%) of the to1al individuals sampled.
(8%).
followed by amphipods (5%) and gastropods (1%).
All remaining infauna accounted for less than 10%

Polychactes were Lhe next most abundant

of the individuals.

Species diversity varied considerably through-
out Winyah Bay with the highest diversity occur-
ring at the two most seaward sand stations {proxi-
matc to the sites sampled by Van Dolah et al. 1984),
The lowest diversity occurred at the southern en-
trance 10 Winyah Bay adjacent to South Island due
to the dominance of one species. The mussel Bra-
chidonies exusius was represented by vp to 7,338
individuals/m? in this area. High current velocities,
large salinity fluctuations, and poor substrate qual-
ity contributed to the low diversity in this area.
Mid-bay siations had fairly high diversity due 1o
even distribution of individuals among the euryha-

line marine and estuarine endemic species {Hinde et
al. 1981),
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Fig. [11-38. Benthic sampling stations in Winyah Bay. (1 - Van Dolah etal. 1984; 2 - Hinde etal. 1981; 3 - Coull 1985. |
4 . Grant 1981; 5 - Ivester 1980; & - Findiay 1981; Coull 1985; 7 - Fleeger 1979, 1980).
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No seasonal data were available for benthic
infauna within Winyah Bay (Hinde et al. 1981).
Van Dolah et al. (1984) found no overall significant
seasonal or spatial variation in total abundance of
infauna at the offshore sites. Within a given sam-
pling area, diversity, number of species, and spe-
cies richness were generally greatest during the
summer. Differences among species and sites were
observed in this pattern. As an example, of the three
most abundant species only one exhibited signifi-
cant seasonal differences. Ensis directus, the most
abundant, was more abundant during the winter,
prabably due to spawning activity during this sea-
son. Densities of Crassinella nartinicensis and Cu-
puladria doma were not significantly different be-

{weln s¢asons.

North Inlet

Published benthic studies were primarily fo-
cused on the meiofauna rather than the macrofauna
component sampled in Winyah Bay. Detailed infor-
mation was available on physiology of specific
meiofauna (Vernberg and Coull 1975), reproduc-
tive periodicity (Coull and Vernberg 1975; Bell
1979; Fleeger 1979), life history patterns (Palmer
1980), feeding activities (Montagna 1984), second-
ary production (Fleeger and Palmer 1982), spatial
heterogeneity (Bell et al. 1978; Coull et al. 1979),
and the influence of physical factors (e.g., waler
current) on meiofauna distribution and resuspension
(Grant 1981,1983; Palmer and Gust 1985; Palmer
1986,1988; Palmer and Molloy 1986).

Macrofaunal inveriebrates sampled seasonally on
an intertidal sandbar were dominated (70% of total num-
ber of individuals) by two species of haustoriid amphi-
pods {Acanthohaustorius millsi and Pseudohaustorius
caroliniensis) (Holland and Polgar 1976). Of the 56
species, ten species accounted for 95% of the total
number of individuals. These species included deposit-

feeding polychacte worms (Spiophanes bombyx,
Heteromastus filiformis, Haploscoloplos fragilis,
Polydora sp., Nephtys picta), omnivore amphipods
(Trichophoxus epistomus, Monoculodes edwardsi ,
Gammarus palustris), gastropod (Terebra dislocaia},
and the suspension-feeding bivalve (Tellina texana).
Scasonal changes were controlled by the population
dynamics of these dominant species.

Meiofaunal community structure varied little
with habitat within North Inlet (Coull and Fleeger
1977: Bell 1979; Eskin 1980; Fleeger 1980; Ivester
1980; Findlecy 1981). Meiofauna were dominated
by nematodes, copepods, and polychactes which
composed greater than 90% of the fauna at most
sites. Nematodes were the most dominant organ-
isms, comprising greater than 70% of the abun-
dance (Appendix I1I-1) (Bell 1979). Copepods were
the second most abundant meiofaunal component.
Of the two cyclopid and 19 harpaticoid species,
eight comprise 97% of the fauna (Fleeger 1980).
Distinct seasonal abundance peaks occurred from

the late summer to late fall.

Epibenthic Fauna
Winyah Bay

The number of epibenthic species sampled by
Hinde et al. (1981) in Winyah Bay was relatively
low; only 83 epifaunal or partly epifaunal
macroinvertebrate species were found for the 12
sites. Cnidarians and arthropods accounted for the
largest number of species (21 each), followed by
mollusks (15) and bryozoans (12). The species col-
lected were not unique to Winyah Bay and were
common to abundant in other estuaries in South
Carolina. Although estuarine epifaunal inverte-
brates were strongly influenced by substrate and
hydrography, several species were fairly ubiqui-
tous in Winyah Bay. The bryozoan Membranipora
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tenuis was found at nine of the 12 stations; the
polychaete Sabellaria vulgaris ateighy; the hydroid
Plumutaria floridana, the bryozoan Alcyonidium
polyoum, the polychacte Hydroides dianthus, and
the barnacle Balanus improvisus al scven stalions;
and the hydroids Clytia cylindrica and Obelia biden-
tata and the bryozoan Conopeum tenuissitmum al

six stations.

Areas with shells and rocks available for attach-
ment were sites with the most diverse epifaunal commu-
nities. Lower bay stations with such substrate had the
highest number of species sampled (31 1o 32 species)
compared with offshore stations with sandy substrate in
which few epibenthic species were found. These sites
were typically dominated by non-colonial echinoderms
or non-colonial motile species such as decapods and
moltusks. In the upper bay epibenthic communities were
also poorly developed, with the low

the collections but were not enumcrated in this study. At
most stations densities were generally 10 organisms/m?
1o 100 organisms/m®, The Pee Dee River had the highest
average density (31/m®) primarily due to the occurrence
of high densilies of amphipods during the summer and
fall. Lowest densities (5/m?®) occurred in the remain-
ing river stalions and upper bay where salinity
fluctvations were the grealest. Middle bay stations
(TA,MS, EP, MB) generally had the highest densi-
ties; iower bay stations (8B, LS) had intermediate
densities (Fig. 11I-39),

Mysid shrimps (e.g., Neamysis americena,
Mysidopsis bigelowi) were the dominant epibenthic or-
ganisms, averaging approximately 42% of the catch {(Fig.
I11-40). Mysids dominated at all stations except Penny-
royle Creek, Pee Dee River, and Pumpkinseed Island.
These stations were dominated by amphipods. Amphipods

numbers attributable to the lack of suig-
able substrate and high salinity stress

(Hinde et al. 1981).

0
Allen et al. (1982, 1984) used an

epibenthic sled fitted with a 365-um 2
mesh nel 1o collect small motile organ-
isms larger than those collected with
zooplankton nets (153 um mesh) but
oo smali to be retained by fish nets.

# individuals/m’

Developmental stages of shrimps and
fishes as well as small cructaceans im-
portant in the diets of fishes were
sampled with the epibenthic sled. More
ihan 200 species of epibenthic organ-
isms were collected from 14 sites
sampled in Winyah Bay. Organisms
considered benthic (moltusks, polychae-
1es, bryozoans, other invertebrates) and
soft-bodied invertebrates (chaciognaths,
medusae, clenophores) often dominated

PR SR PD WR US Bl TA TG M5 TC EP MB SH LS

Fig. 111-39, Spatial cpibenthos data for Winyah Bay. Station
means are mean number of total epibenthic organisms for Pee
Dee River (PD), Sampit River (SR), Waccamaw River {(WR),
Pennyroyle River (PR), Upper Staticn {US), Belle Island (B,
Thousand Acre (TA), Pumpkinseed (PS), Middle Station {MS),
The Cut (TC}, Estervitle Plantation (EP), Mud Bay (MB), Shell
Bank ($B), and Lower Stalion {L5) (Allen et al. 1982, 1984),
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Fig. I11-40. Spatial motile epibenthos daca for Winyah Bay. Station means are mean number of motile epibenthic
organisms par cubic meter for Pee Dee River (1), Sampit River (SR), Waccamaw River (WR), Pennyroyle River
{PR), Upper S1ation {US), Belle Island (BE, Thousand Acre (TA), Pumpkinseed (P5), Mid Station (MS), The Cut
{TC), Estervilie Planution (EP), MudBay (MB), Shell Bank (SBY, and Lower Station (LS) (Allen et al. 1982, 1984).

Fish Larvae

Fish cgps

! Crab megalopae
Postlarval penacid shrimp
Decapod shamp larvae
Amphipods

Mysids

(6% and shrimp lavae (10%7 were twe next most
abundamt, and tozether with the mysid shrimp account
far 88% of thve epibenthic organisms, Amphipods were
comprised ol specics from the gencera Barea, Corophium,
Ertchthaniny, Mecroprotopus, Unicola, Gammarus, Lis-
tericlla, Efarmaopes, Melita, Stenothoe, Synchelidium,
Caprella. atad Paracaprefla. Densitics of amphipods
were greatest ans the Pee Dee River (26/m%3 with alt other
stations having densitics less than 4/m®. Fifieen
species of decapod shrimp larvae were collected
including the prenacds, stomatopods, scrgestids,
swyonids, palacmonids, and alpheids. Shrimp far-
vae averaged L/ with higher densitics in the
epper bay andd £1ver stations, At Jeast seven species
of ancmuran and M species of brachyuran crabs
were collected. ADamuran crabs included Epeery-
mus, Porcefland  Emeritg Pagurus, and yponcen-
cha. Amonp the brachyurans were Callinectes,
Portunas, Civalipes, Calappa. Likinia, Uca, and
Cancer. The TowWET by stagion had the highest den-

sity of crabs 21 1390 Al other stations had densi-

ties of (,3/m* or less. Fish larvae and eggs repre-
senting over 50 species were identified by Allen ex
al. (1984). The densities of fish larvae were greater
in 1the mud bay and lower bay area (1-2.5/m™.
Densities at No Man's Friend and South Jones creeks
were higher than most Winyah Bay stations. All
other statiens in Winyah Bay had much lower

densities,

Relatively Jow densities of total organisms
poersisted through the winter with 5-10/m?® from
Scptember to March. Total epibenthic organisms
reached their highest densities in May (19/m?*) and
September 1982 (25/m" (Fig. 111-41). The lower
density observed in July was probably related 1o
increased freshwater runoff and associated lower
salinities further seaward. The lower salinities in
July may have displaced the high salinity formg
which dominate the summer comm unity toward the
ocean. The highest density (147/m3) of toal organisnis
occurred at the Pee Dee River in September 1982, Maost
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Fig. Ill-41. Winyah Bay epibenthos monthly means (average of
organisms foraf] stations for each month) (Aflenctal. 1982, 1984).

T11-42). Highest mysid densities were observod
in September 1982 (11/m”) and lowest (1/m*) in
Jangary. The highest density of mysids (51/m™)
was collected at Esterviltle Plantation in Jany-
ary. No mysids were cotlected in the rivers
during January or March when water tem-

peratures and salinities were the fowest.

More than half ¢f all organisms col-
lected in January, July, and September 1982
were amphipods. Highest densitics occurred
in September (13/m?®). The highest density
of amphipods was obtained at the Pee Dee
River in July (33/m* and September 1982

collectionshad 2-15 organisms/m’, but no motile epiben-
thic organisms were collected at Pennyroyle Creek in
Novernber or Waccamaw River in January.

Mysids comprised more than half of all organisms
ranging from 15% in January to 8% in November (Fig.

(134/m’}.

Decapod shrimp larvae densities increased during
the summer months with May and July averaging 2.4/m”.
The highest densities (15.5/n%) occurred in the Sampit

River during July. Lowest densities occurred during

100

80

40

parcent composition

20

SEP NOV JAN

average of all stations (Allen et al. 1982, 1984).

MAR MAY JUL

Fig. lI1-42. Temporal epibenthes communily composition for Winyah Bay, Monthly mean percent composition,
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winter months. No decapod shrimp larvae
were colleced ag the river and upper bay h

E——

05

Oyster Landing M.J‘"““m

stations in Movember and at most stations in
January. Crab megalopac densitics were

Old Man

lowest during the winter, Crab megalopae
wore not £ollected in January and only at
one station {Mud Bay) during March. High-
est overall mesnthly densities occurred 10
September (0. 2/m" and the highest density
wus ohserved ue Shellbank in May (1.4/m’.
Megalopae never accounted for more than

2%

of the totad carch For any sampling
Trenod.

Fish larvac were most abundanl in
May (2.7/m7), lower densitics ocourred in
March (1.3/m™), and less than 0.2jm* was
observed durirg other months. The highest
density was sampled in May at Mud Bay
(16/m"). River deasities were usually less
than Tjme* amd no farval fishes were cal-
lected i Faeuwary.  Highest numbers, in
general, occurred in the middle bay in the
spring (Ao ot sl 1982, 1984,

TR
g <
i

Fig, I11-43, Zooplankion sampling stations in North Inlet Estuary.
(1 - Lonsdale and Coull 1977; 2 - LTER unpublished data),

Statior

Towm
Creak

Planktonic Communities

North Tndet

Zooplamban have been sampled at four locations
in North Indet {Towe Creek, Oyster Landing, Ol Man
Creek, and Oryster Bay) (Fig. U143), Samples were
collevted biweekly {from January 1974 0 August 1975,
Mean twtad zooplankion deasity was 9257/m* and the
total stand i g orog was 16,178 ug dry wi/m?, Differences
it borth eotal @oophnkton numbers and biomass varied
concurrenthy #maMg slations. Lower density (5,107/m?)
atd bipmass (8.2 34 ug dry wim™ was observed adjacent
to Winyah Bay {Ovster Bay)and Qyster Landing (7,793
/it 13474 g dry wims respectively). Salinity was
most variabde 8! these weations (Oyster Bay: 5-36%«,

Oyster Landing: 8§-35 %c), Higher biomass amd densities
were measured at Town Creek and Old Man Creck
(13,862/m? 23 862 pg dry wi/m?; 10,204/m", 18,125 pg
dry wt/m?; respectively). Salinities were less variable at
these stations {22-36 %e and 23-36 %, respectively).

Copepods, inctuding larval stages were a domi-
nani category, comprising 64-69% of wotal zooplank-
ton numbers and biomass (Fig. 111-44), The most
common species were Paracalanus crassirosiris
(16% of 1otal zeoplankton numbers and 13% of the
total biomass), Acariia tonsa (7% of the total zo-
oplankton density and 20% of Lhe total biomass),
Oithona colearva (6% of the density and biomass),
and Euterpindg acuiifrons (1.8% of the total number

and 2.8% of the 1otal biomass). Less abundant cope-
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wi/m?®) occurred in Ovysier Bay
in October 1974, Distinely dif-

Euterpina acutirons |
Ostracoda
Qixoplaura sp.
Crab 2083

Bivalve larvae
Polychaete larvae
Oithona colcarva
Acartia fonsa
Cirripedia naupli

Parvocalanus crassirostrs i dicti

B Numbers
& Biomass

A

ferent seasonal patiemns were nb-
served for individua! species in
the Nogth Inled Estuary (Fig. 111
463, Acartia fonsa was present
throughout the year, with amean
density of 637w Acartiatnonsy
was more abundant during the
sumimer, reaching densitics of
2,79%m* (July 1974) withlower
density durning the winter months

{minimum density 97/m* in

Fig. [1l-44, Zooplankton dominance in Nerth Inlet Estary based on density
(numbers/e’/month) and biomass (ug dry weight/m®) (Lonsdale and Coull 1977},

March 1975). Paracalanusoras-

1 T
i . , .
1000 Nurbers / rigofm " %00 sirosiris and Oithong coloarva
u o
ug dry weight 1m3 fmonth exhibited little seasonal vari-

ation and were abundant
throughou! the year. Other taxa

such as Euaterping acutifrons,

pods, inciuded Saphireila spp., Oncaea vensuta,
and Pseudodiaptomous coronatus, Comparisons of
major species of copepods and their reproductive
pericdicities suggested that North Inlet Estuary fauna
were most closely allied with Florida waters, South
Carolina may represent a transition zone between North-
Temperate, Mid-Atlantic, and tropical waters of Florida
and the Caribbean. The most common meroplankton
were bamacle nauplii (Cirripedia), which comprised
13% of 1otal zoopiankton far the entire sampling period.
Qther important groups included bivalve (3%), gastro-
pod (2%}, and polychaete larvae {(4%). Crab (2%) and
shrimyp zoea were distinctly seasonal in abundance.

Scasonal data for total zooplankion density are
presented in Figure HI-45, Major peaks in zcoplankion
density occwred in summer with maximum numbers of
individuals and biomass (84,414 /m* and 140,169 pg dry
wi/m?) observed in July 1974 at the Town Creek station.
The lowest density and biomass (377/m? and 640 g dry

45

bivalve larvae, gastropod lar-
vae, bammacle naeplii, and shrimp zoea showed distinct
seasonal variation similarto the paitem of crab zoea (Fig.
[H-46).

Winyah Bay

Only two studies have been conducted on zo-
oplankton in Winysh Bay (Allen et al. 1982, 1984),
Figure 11-47 displays station locations for both exten-
sive sampling (14 stations, sampled approximately bi-
monthly 1980-1987) and intensive sampling {three sta-
tions, surface and bottom, bimonthly 198119825 Upper
bay stations (Waccamaw River, Pee Dee River, anid
Sampit River) were characterized by fow and vanabie
salinities (0.0-19.0%s) while lower stations {Maother
Norton, Med Bay and Esterville Plantation) were charag-
terized by higher salinities (2.0 - 35.2 %ci { Tahic HE-175

Zooplankion abundance in Winyah Bay averagod
10.831/m* (Table 1.1 Towt sooplankan

were generally lower in the riverine stations {Wateamaw

din



given station. The lower slations
(Mud Bay, Shell Bank) were more
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diverse than the upper stations (Wac-

camaw River, Sampit River,
Pennyroyle Creek, Pee Dee River).
The mid bay stalions had intermedi-
ate diversities (Allen et al. 1982,

1984).

The zoaplankion community in

Nonh Inlet (Lonsdake and Coull 1977).
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Fig. I1I-45. Mean number of zooplankion per cubic meter per month in

Winysh Bay was dominated by rela-
tively few copepod and meroplanktonic
species. Stations generally had similar
dominant species during a given month.
Copepods comprised at least 50% of the

total zooplankion throughout the year.
Tolal copepods ranged from 53%

North Inlc1 (Lonsdale and Coult 1977).
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Fig. 111.46. Mean monthly numbers of Acartia tonsa and crab zoeae in

(Sampit River) o0 95% (Pumpkinseced)
of total zooplankton (Fig. [1I-48).

Five copepod species (A, fonsa,
P. crassirosiris, P. coronatus, E.
acutifrons, and 0. colcarva) were year-
round residents and accounted for 86%
of the copepod cawch (Fig. 111-49). Other
less abundant copepods included Cen-
tropages hamatus, Centropages iypicus,

Centropages furcatus, Labidocera

aestiva, Temora turbinala, and Eu-

River, Sampi1 River, Peanyroyle Creek, Pee Dee River),
with snnual means ranging from approximalely 6,000/
m’ 1o 9,000/m’. With the exception of the Esterville
Plantation sile, zooplankion densities in Winyah Bay
were generglly between 10,000/m? to 13,000/m*> The
most oceanic station, Mother Norton, had the highest
average donsity of zooplankton. Exch station was
usually dominated by only a few taxonomic catego-
ries; as few 8s three categories comprised 70-90%
of the total zooplankion organisms present at a

calanus spp. Acartia tonsa dominated
the Winyah Bay syswem, accounting for 60% of all
zooplarkton collecied and 73% of ali copepod species.
Mean densities ranged from 1500/m? at Shell Bank to
11,000/m*® at Thousand Acre. Average relative abun-
dance of A. tonsa was greatest at the mid bay stations
(60% t090% of all zooplankion species) and lowest at the
seaward stations (15-20%). Eurytemora affinis com-
prised 5.5% of total zooplankton species {10% of cope-
pod species) and was most abundant in the riverine
stations {e.g., 43% of tota} copepods in Waccamaw
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Fig. 1-47. Map of sampling locations for zooplankton in Winyah Bay (Allen et al. 1982, 1984),
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( g all sampling 1,276/m® overall mean density), wit
. € lankton abundance (averaging all sam . o
vty (ki for each sationin Winyah Bay (Allen et al, 1982, | Smilar mean densiies in the uppe
dates) nity (193/m?), lower (231/m’), and midbg
1984). ¥
ims  Mean Salinity (250/m?). Crab zoeae were common g
Sta # m3 range all stations with mean densities rang-
ta ing from 21/m* at Esterville Planga.
Pennyroyle Creek (PR} gvggg g‘; g:g tion to 728/m"* at The Cut. No obvies
]s;:':[’;;Rlllfcr(s('gI})) 8:540 5:5 0-14 spatial patterns were apparent,
Waccamaw River (WR) 6,700 34 0-12 Polychaete larvae werc present at all
Upper Station (US) 12,740 6.9 0-17 stations with higher densities at the
Belke Isle (i?c 0 ::';g ié; gﬁ lower stations (212/m?). The upper
; (T ’ and mid bay stations had similar mean
Pumpkinseed (PS) 10316 13.0 0-24
Mid Station (MS) 10866 18.8 3-32 densities (138/m* and 124/m’, respec.
The Cyl (TC) ‘ 12,739 15.1 g'ig tively). Bivalve larvac were rare at the
fdsulfinl;ﬂk ggh;;wm (EF) 1;‘6223 :gg 2'27 riverine and mid bay stations. Lower
ay - g . -
Shell Bank (5B} 10,754 252 433 bay bivalve larvae densities averaged
Mother Norton (MN} 20,398 318 2235 53/m? Similar spatial patterns were
observed during the intensive studies.

River). Paracalanus crassirostris was the (hird most
abundani copepod species (5% of total zooplankton,
6.5% of total copepods}, predominating in the seaward
stations (43% of copepod species) and rare in the riverine
stations. Pseudodiapiomus coronarus was generally found
in the lower stations where it comprised 3% 10 6% of the
total copepod species (2% of wotal zooplankton species).
Oirhona colcarva peak abundances also occurred in the
lower siations, reaching 1,000-1,300/m’, and appeared
only sporadically at the riverine stations,

Larval stages of barnacles were the most abundant
meroplankton caegory (Fig. 111-50). Barnacle nauplii
were found at all stations and ranged from 2% 1o 32% of
the mean zooplankton densities. Nauplii density ranged
from 1B0/m® at Waccamaw River 1o 3054/m? in the
Sampit River. With the exception of the Sampit River,
rauplii densities were, in general, greatest in the lower
bay (1,971/m?), average at riverine stations (1,132/m?),
and lowest at the mid bay stations (897/m®). Bamacle
Cyprids were less abundant than nauplii (221/m? vs,

Lower bay station average bivalvelar-
vae density was 350/m”,

Similar temporal patterns in abundance were
observed during both the intensive and extensive
studies, Zooplankton were most abundant during
the warmer months (Fig, 111-51), with densities
reaching 26,000/m?in May. Densities were an order

of magnitude lower in the winter.

The seasonal variation was due to peak abundances
of Acartia tonsa, Parvecalanus crassirostris, and meto-
plankton at most stations (Fig. [11-52). Acartia tonsa,
while present throughout the year, dominated during the
late spring 10 early fall. Eurytemora affinis and Halicy-
clops spp. dominated the seasonal abundance in the
Waccamaw River, and Euterpina acutifrons and chae-
tognaths dominated at Shell Bank. Enrytemora affinis
was most abundant from January to July with maximum
abundances in March (60% of total zooplankton abut-
dance). Meroplankion densities had distinct seasonal
peaks but when present were often one of the three mos
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Fig. 111-48. Zooplankion community al selected stations in Winyah Bay. Category fotal organisms (numbers fm) is
the mean abundance of all sampling dates (Allen et al. 1982, 1984).
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total copepods

abundant categories. The seasonal peaks were often
spatially restricted. As an example, barnacle larvac were
low during the winter months (January to March) and
only occurred at the seaward (lower bay) stations. Peak
abundance (19,000/m?) occurred in the fall at mostexten-
sive stations. Densities were highest from December to
April in No Man’s Friend and South Jones creeks (North
Inlet Estuary - Winyah Bay interface), and between April
and August in North Inlet (Lonsdale and Coull 1977,
Allen et al. 1982).

Nektonic Communities

North Ynlet

North Inlet Estuary has a diverse fish fauna with
over 100 species identified (Appendix H1-3). Fish popu-
lations have been sampled in a number of habitats in
North Inlet Estuary from 1969 o 1984 (Cain and

Dean 1976; Shenker and Dean 1979; Bozeman and Dcan
1980; Ogburn et al. 1988). Figure 111-53 shows study
locations and duration. Total species coliected ranged
from 16 (Shenker and Dean 1979) in a short-term study
to 96 in a multiyear survey (Ogburn et al. 1988). Fewer
than ten species usually dominated the catch, with greater
than 90% of total numbers or biomass. Differcnces in
abundance of common species were a function of gear
selectivity, period of swdy, and habitat (Ogburn et al.
1088). Overall dominant species included: Anchea
mitchitli (bay anchovy}, Menidia menidia (Allanlic
sitverside), Brevoortia tyrantus {Atlantic meaha-
den), Fundulus majalis (suiped killifish), Leios-
tomus xanthurus (spot), Fundutus heteroclitus
(striped killifish), Alosa aestivalis (Mucback her-
ring), Anchoa hepsetus (striped anchovy), Dorosoma
pelenense (threadfin shad}, Mugil cephalus (striped
mullet), and Mugtil curema (white mullet) {Table
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Table 11-12. Fish abundance (numbers or % catch) in North Inlet. 1 - Ogburn et al. 1988, seine and trawl
survey, subtidal habitat; 2 - Cain and Dean 1976, medium mesh blecknet, intertidal; 3 - Shenker and Dean
1979 , fine mesh blocknet, intertidal; 4 - Moore and Reis 1983, medium mesh framenet, intertidal.

Species Study Common Name Numbers % Catch
Anchoa mitchitli 1 bay mchovy 23,639 360
Leiosomus xantharuy spol 12,382 18.8
Menidia menidia Atlantic silverside 11,632 17.7
Mugil curema white mullet 2,483 38
Anchoa hepsetus striped snchovy 1765 2.7
Fundulus majalis striped killifish 1322 20
Mugil cephalus striped mullet 692 11
Brevoortia tyrannus Atlantic menhaden 400 0.6
Synodus foetens inshore lizardfish 324 0.5
Etropus crossotus fringed Mounder 300 0.5
Total fish 65,778

Fundulus heteroclitus 2 striped killifish 4,933 27
Leiostomus xanthurus spot 3.2%9 19.5
Menidia menidia Alantic silverside 3206 193
Mugil curema white muiiec 914 55
Anchoa mirchilli bay mchovy 797 48
Bairdiella chrysura silver perch 681 4.1
Mugil cephalus striped mullet 615 3.1
Eucinosiomus argenteus spotfin mojana 581 3.5
Anchoa hepsetus striped anchovy 349 11
Fundulus majalis striped killifish 349 2.1
Tasal fish 16,61

Menidia menidia 3 Adantic sitverside 22158 60
Anchoa mitchilli bay anchovy 1,011 274
Alosa aesiivalis blueback herring 199 54
Dorosoma peienense threadfin shad 80 22
Fundulus majalis striped killifish 35 1.5
Gobionellus shufeldn freshwater goby 54 1.5
Brevoortia tyranrus Atlantic menhaden 20 0.5
Fandulus heteroclites mummichog 19 05
Givienellus boleosoma Atlantic menhaden 10 03
Gobiosoma bosci naked goby 9 03
Towl Adult Fish 3679

Anchoa mitc hilli 4 bay anchovy 1418 56
Brevoortia tyranris Atlantic menhaden 8,643 4.1
Leiostomus xanthurus spot 117 44
Menidia menidia Allantic silverside 68 27
Bairdiella chrysura silver perch 2 08
Lagodon rhomboides pinfish 14 06
Anchoa hepsetus striped anchovy 2 0.1
Micropogonias undulatus Allantic croaker 2% 08
Tol Fish 2531
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Fig. 1149, Abundance of capepods species at selected stations in Winyah Bay (Allen et al. 1982, 1984).
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{I[-12). Total numbers of individuals collecied during a
study varied, usually as a function of sampling duration.

Ogburn et al. (1988) found more than $5% of
species sampled were represented by larval and
juvenile life stages, with 29% of the species repro-
ducing in the eswary. Shenker and Dean (1979)
found that 78% of the total individuals (91% of
biomass) collected in Bozuz Creek were immature.
Six fish species (spot. muliet, Myrophis punciatus
[speckled worm eel], Lagodon rhomboides [pin-
fish), Paralichthys spp. [Flounders), and Micrapo-
gonias undulatus [Atlamic croaker]) comprised
99.3% of the larval fish captured. Differences be-

tween stodies were a function of sampling duration.

Spatial differences in catch composition were
distinct. Ogburn et al. (1988) found the highest

numbers of Symphurus plagiusa (blackcheek
tonguefish), Trinectes maculatus (hogchoaker),
spot, Atlantic croaker, and mullets in Clambank
Creek. Both cryplic (e.g.,Gobiosoma spp. [gobies],
Hypleurochilus geminatus, and Hypsoblennius
hentzi [blennie]}, Ophidion marginatum [ecls), Op-
sanus tax [(toadfish}), and demersal (e.g., floun-
ders, spol, Atlantic croaker) fishes were more com-
mon in Clambank Creek while Atlantic silversides
and striped anchovies were most common at North
Inlet. Eight species accounted for greater than 0%
of the catch in Clambank Creek canal (Cain and
Dean 1976) which was similar to species composi-
tion found by Ogburn et al. (1988). Both studies
found that spot, Atlantic silverside, white mullet,
and bay anchovy were important contributors Lo the
overall catch. Mummichog, striped mullet, silver

perch, and spotfin mojorrain Cain and Dean’s study
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Fig. I1-50. Mean station meroplankton density (numbes/m?) for selecied groups of organisms in Winyah Bay (Allen
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(1976) reftecied the intertidal-marsh habitat, Simi-
tar species dominance were found in Bozuz Creek
and Clambank Creck. Eight of the tep ten species
collected by Cain and Dean (1976} were observedin
the two studies conducted in Bozuz Creek (Shenker
and Dean 1979; Bozeman and Dean 1980).

Species richness or diversity indices correlated
with the temperature cycle and both species richness and
diversity were higher during the summer months and
lower during the winter months (Freeman 1970: Cainand
Dean 1976; Ogbum et af. 1988). The influx of warm-
waler species (e.g., spot, while mullet, silver perch, and
anchovics) and emigration with decreasing emperature
were distinctive features of the annual cycle (Cain and
Dean 1976; Ogburn et al. 1988). Seasonal patterns in
numbers of individuals caught were not distinct

(Cain and Dean 1976; Ogburn et al. 1988) (Fig. 11I-
54). Lack of correlation between numbers of individuals
and temperature resuited from the clumped distribution
of schooling fishes, such as spot, mummichogs, and
Atlantic silverside, and seasonal variability in caich
efficiency.

Blue crabs were a significant component of the
overall nekton sampled at Skimmer Shoals and Town
Creck, rankings sixth in overall gbundance. Crab abun-
dance was highly variable with the lowest numbers
generally occurring during the winter and highest during
the summer. Higher numbers of individuals were col-
ected at the Skimmer Shoals site, which was attributed
10 the preference of blue crabs for muddy substrate. The
remaining shrimps and crabs accounted for lessthan
1% of the overall catch (Table 111-13).
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Table I11-13. Shrimps and crabs sampled from Town Creek in North Inlet Estuary (1 - Moore and Reis 1983
using frame net, passive trawl; 2 - Ogbum €t al, 1988 using seine and trawl).

Species Common Name Number Weight (g)
Callinectes sallaidius1 blue crab 230 3914
Penacus setiferus white shrimp 130 443
Poriunus gibbesi portunus crab 123 342
Penaeus dusrarum pink shrimp 7 19%
Palaemoneies pugio grass shrimp 49 11
Palaemonetes vulgaris grass shrimp 28 5
Portunus spinimanus portunus crab 18 218
Species Common Name Number % of Cach
Callinectes spp.2 blue crab 2,482 18
Portunus gibbesii portunus crab 463 07
Ovalipes oceliatus lady crab 409 0.6
Penaeus aztecus brown shrimp 295 04
Penaeus duorarum pink shrimp 205 0.3
Fenaeus setiferus white shrimp 114 0.2

Both brown and white shrimp arrived as 1981;Wenner ¢t al. 1981; Allen et al. 1982). Only one

postlarvae during the spring (brown) and early sum- study has assessed the spatial distribution of fishes in
mer (white) and migrated to the ocean from Septem- Winyah Bay (Wenner etal. 1981). Fish species were
ber to December. Late spawned shrimp overwin- collected at nine stations in the bay (Fig. 11I-55). Seven

tered in the estuary but the majority migrated to species comprised over 90% of the catch in this study

deeper coastal areas. Pink shrimp were the
least commen penaeids in North Inlet Es-
tuary, but occurred year-round as juve-
niles and adults. Pink shrimp were most
abundant in 1he spring while brown and
white shrimp were most abundant during
the summer months (Ogburn et al. 1988).

Winyah Bay

Fish fauna in Winyah Bay Estuary
were diverse with up 10 75 species col-
lected. Relatively few species (< 10)
generally dominated more than 95% of the
catch (Shealy et al. 1974; Hinde et al

30000
o
E 20000 -
2
E
£
£ 10000 -
| -4
E
0 1 ™ 1 v 'lJ
SOND]FMAMJJAS
Fig. I1-51. Mean monthly total zooplankters for Winyah Bay.
Mean was average of all stations {Allen et al. 1982, 1984).
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Table JiI- 14. Numbersand biomass (kg) of dominant fish species for Winyah Bay Estwary, SC (1 - Shealyet al. 1974;

2 - Wenner et al, 1981; 3 - Hinde et al. 198); 4 - Allen eral. 1982; NA - not available}).

Species Common Name Number Wi (kg) Smdy
Anchoa mitchilli anchovy 5337 NA 1
Leipstomus xanthurus Spot 4,244 NA
Micropogonias undulatus Atlantic croaker 1444 NA
Bairdiella chrysura silver perch n NA
Brevoortia ryrannss Atlantic menhaden 309 NA
Cynoscion regalis weakfish 206 NA
Symphurus plagiusa blackcheek tonguefish 168 NA

Trinectes maculatus hogchoaker 124 NA

Stellifer lanceciatus star drum 11,356 3740 2
Micropogonias undulatus Atlantic croaker 9,706 0.9%

Trinectes maculatus hogchoaker 7532 40.25

fetalurus catus white catfish 3,133 69.16
Cynoscion regalis weakfish 1,505 8.83
Brevooriia tyrannus Atlantic menhaden 1,334 19.47
Leiostorus xanthurus spol 722 12.58
Urophycis regia 517 573
Symphurus plagitnsa blackchesk wnguefish 421 448

Anchoa mutchilli anchovy 400 0.87

Stellifer lanceolatus star drum 1,696 11.0 3
Symphurus plagiusa blackcheck tonguefish 345 7.88

Opsaus tau oyster toadlish 171 51.13
Menticerrhus americanus southern kingfish 84 195
Leipstomus xanthurus spot 74 13.04
Micropogonias undulatus Atlantic croaker 67 312

Trinectes maculatus hogchoaker 58 0.98

Dasyatis sabina Atlantc stingray 41 30.15
Paralichthys lethostigma southemn flounder is 3.69
Bairdiella chrysura silver perch 34 1.25
Cynoscion regalis weakfish 9 NA 4
Letostomus xanthurus spot 72 NA

Anchoa mitchitli anchovy 18 NA

Steliifer lanceolatus star drum 15 NA
fctalurus catus white catfish 15 NA
Bairdiella chrysura silver perch 3 NA
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Fig. ITI-52. Seasonal community composition far selected categories of zooplankton for Winyah Bay. Average percent
composition represents an average of all stations {Allen et al. 1982, 1984).
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(Table ITI-14). The star drum (Stellifer lanceolatus) was
the most abundant species (29% of catch) and the white
catfish (/cealuras catus) contributed the most to total
biomass (16% of catch).

In general, stations with the highest and most
variable salinities had the highest number of individuals
and species, while stations in the Black, Pee Dee, and
Waccamaw rivers (with the lowest and most stable sa-
linities) had the lowest numbers of species and individu-
als, The number of species was greatest in the lower bay
channe), Waccamaw River, and mid bay io the westerm
channel, The Sampit River supporied aricher fauna than
other rivers draining into Winyah Bay possibly duetoits
highe salinities. The Jower bay stations included many
stenohaline and euryhaline species such as Atlantic
croaker, hogchoaker, and the weakfish. Although these
species occurred throughout the bay, they were most
numerous at the lower bay stations. Lowest numbers of
species occurred in the upper bay channel for both years

sampled. Species found in the upper reaches of Winyah
Bay included predominantly freshwater (e.g., white cat-
fish [Fcralurus punctaius]}, transient, catadromous and
anadromous species.

Species richness and abundance were lower
during the winter and highest during the fall. Num-
bers of fish species positively correlated with bot-
tom temperature and salinity and negatively corre-
lated with oxygen and depth. Numbers of indi-
vidual fish were positively correlated with bottom
temperature and salinity and negatively correlated
with oxygen.

Most of the numerically dominant species were
seasonal inhabitants with restricted distribution. Bio-
mass and population densities were highest at stations in
the fower bay channel and mid bay near Pumpkinseed
Island during the fall and mid bay western channel
during the summer. The star drum and catfish (Jczalurus
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1984),

Fig. III-53. Fish sampling sites in North Inlet Estuary. (1 - Moore and
Reis 1983; 2 - Ogburn c1 al. 1988; 3 - Cain and Dean 1976; 4 - Shenker
and Dean 1979; 5 - Bozeman and Dean 1980; & - Reckman and Dean

transient euryhaline species {such as
Atlantic croaker and weakfish) during
the spring to late summer, the diver-
sity and abundance increased, peaking
during the fall months.

Hinde et al. (1981) conducted a
limited study of fishes (October 1980)
forthree locationsin Winyah Bay (Fig.
I1-55). Although the species compo-
sition was diverse, approximately ten
species accounted for 95% of the catch
inboth number and weight. Catch from
trawl tows ranged from five (South
Island) to 20 species of fish with the
highest species numbers occurring at
the most occanic station. Thirny-six
traw] tows resulted in 41 species of
fish in 22 families. The five most
abundant families (Sciaenidae, Cynog-
lossidae, Batrachoididae, Bothidae, and
Soleidae) accounted for 95% of the to-
tal fish numbers, with nine species of
the Sciaenidae conuributing 71.2% of

maculatus) were most numerous from September Lo
January. Atlantic croaker, star drum, and weakfish were
most abundant in the summer. The fall peak in diversity
was [ollowed by a sharp decrease in the winter due 10 the
emigration of several stenohaline and euryhaline tran-
sient species (¢.g., Chaetodipterus fober, Prionotur
tribulus, Dasyatis sabing, ewc.). The 1ol catches of
fishes, density, and biomass were lower during the winter
period Winter catches were dominated by Atantic men-
haden (Brevoortia tyrannus) and Atlaniic croaker or
white catfish (1978). In 1he spring, numbers of indi-
viduals and species increased, but sterohaline ma-
rinc species were not very abundant and were patchy
in their distribution. Catches were dominated by Atlan-
tic croaker and hogchoaker. With the influx of

this tolal fish catch. The dominant ten
species (Table 111-14) account for 93% of the catch.
Star drum was the most numerically abundant spe-
cies (61%) and fourth most abundant by weight.
Oyster loadfish was the most abundant by weight
(38% of total catch) and fourth most sbundant by
numbers.

Allen el al. (1982) used several gear types
(otter trawl, epibenthic sled, and gill nets) 1o sample
fish fauna at South Jones Creek and No Man’g
Friend Creek (Fig. 11{-55). Eighty-five species of
fish were identified, most of which were juveniles
{Appendix 11I-1). The eight most abundant species
comprised $2% of the total catch by numbers and
81% by weight (Table 111-14). With the exception
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of the star dewms and black sea bass most of the high
sulinity species found during the Wenner et al.
{1881 stady in Winyah Bay were similar to those
fond i South Jones and No Man's Friend creeks
(AR o ol §OR2).

stirgeons {Acipenser spp.) regularly caught in

Young Atlantic and shorinose

Winyah Bay were not caught during the Allen et al.
(1982 sty . Greatest numbers and biomass were
vbtained in the late summer and declined 1o an
anmual low in January, a pattern similar to that
abserved by Wenner et al. (1981). Total weights
and nurbers of Lishes were greatest 2t South Jones
Creck. Greater habitat variability and closer prox-
imity 1o the ocean contributed to the greater abun-
dazce in South Yones Creek,

Although decapod crustaceans were not as
abuyndant {by weight or numbaers) as fishes, significant
populations exist 1 Winyah Bay. Penaeid shrimp
{Penaeus setiferus, P dusrarum, P aztecus, and
Frachypenaeus toastricliet) were nurmericatly dominant,
sernprising S04 10 53% of the decapod catch: Penaeus

setiferas alone comprised ~ 42% (Hinde et al. 1981;
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Wenner et al, 1981 respectively). Ponunidas was the
most diverse family (eight species) and ranked second by
numbers and first by weight. Portunidae comprised 85%
of the decapod biomass with blue crabs contributing
approximately 74% of the total decapod catch biomass
(Hinde et al. 1981; Wenner etal. 1981).

Blue crabs were found throughout the Winyah Bay
system during the entire year with catches greatest from
September 10 December (Wenner et al. 19813, Highest
aumbers occurred along the western channel of the mid
bay and in the Sampit River (Hinde eral. 1981; Wenner
et al. 1981), Size frequency analysis showed a broad
range (25-186 snm). Individuals with carapace width
greater than 90 mm predominated; however, individoals
with less than 40 mm werg prevalent in the summer and
fall (Hinde et al. 1981, Wenner et al. 1981).

Penaeid shrimps were limijed seasonaliy byt net
spatiaily in Winyah Bay {Wenner et al. 1981}, Shrimips
were coblected at all Winyah Bay stavtons (Fig. TIH-33%
Dominance among the white, browrn, and pink shrimp-

varied annually, White shrimp, normaily consideorsd the



Fig. [11-55. Fish sampling stations in Winyah Bay Estwary (1 - Wenner et al. Jan. 1977 - Dec. 1978, 2 - Hinde et al,
Oct 1980, 3 . Alien et al. Aug. 1980 - Sept. 1981).
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most abundant, were dominant during stodies conducted
in 1980 and 1981-1982, accounting for up to 42% of the
decapod catch (Wenner ct al. 1981; Allen et al. 1982},
However, in 1977-1978 white shrimp had the lowest
biomassand abundance. During 1977-1978, pink shrimp
dominated both the biomass (8% of total decapod catch),
and numbers (31% of 1otal decapod catch) ranking sec-
ond by weight and numbers (Hinde et al. 1981). In 1980
pink shrimp ranked fifth in numerical abundance and
represented less than 1% of the calch by weight. Brown
shrimp ranged from the ninth most numerically abundant
and less than 1% of the overall weight (Hinde etal. 1981)
to third mast abundant by numbers and biomass (10% of
overall weight, Wenner et al. 1981).
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Both size frequency and abundance werc sca-
sonally distinct. Pink and white shrimps were most
rumerous in September and October; brown shrimp
were most abundant during July and August {(Wenney
etal. 1981; Allen etal. 1982). A large deciine in all
three shrimp species occurred during the winter
months. Pink shrimp sizes changed little scasonaliy
and average 60-90 mm. Brown shrimp increased
from 70 mm in the spring to 100 mm in the summer.
White shrimp had overlapping sizes with two dis-
tinguishable bimodal lengths of 80-160 mm in the
fall and 120-140 mm during the summer (Wenner ei
al. 1981).






LONG-TERM TRENDS

Few studies described in the previous sections
were appropriate for useful trends analysis. Most
studies were not designed to collect data over a
sufficient period of time 1o provide the data record
necessary for rigorous analysis. Although a few
short-term studies have been conducted in similar
locations in North Inlet or Winyah Bay,

differences in analylical technigues or sampling
gear prevent temporal comparisons. Data sets avail-
able for wrends analysis include land and water yse,
basic water quality parameters, pollutant coscen-
trations, fisheries resources, and meiobenthic popu-
lations. These trends are summarized in the follow-
ing sections.

USE TRENDS

Land and Water Use

The first settlement on this continent occurred
in the Waccamaw Neck in 1526 on Hobcaw Barony,
Winyah Bay. This settlement (San Miguel de
Gualdape) was maintained until 1527. Grants from
British kings divided the lower pertion of the Pee
Dee-Yadkin basin into sumerous plantations with
the esrliest land grants dating from 1705, Indigo
was a stable cash crop in Georgetown Coonty, Rice
shortly followed, as the primary crop produced and
in the 1840's almost half of the rice produced in the
US was grown on plantations in Georgetown County.
After the Civil War, rice culture declined due 10 the
loss of slave labor and the development of mecha-
nized farms in the southwest. By the 19Q0's wood
industries dominated the area. Currently many of
the timber plantations are being converted into resi-
demtial communities for permanent and seasonal
residents (Waccamaw Regional Planning and De-
velopment Council 1985).

Land and water use data were available for the
entire Pee Dee-Yadkin Basgin (including both North
and South Carolina counties), Georgelown County,
the Waccamaw subbasin region (Winyah Bay Estu-
ary, Morth Inlel Estuary, the lower Waccamaw River,
and Georgetown), and the Waccamaw Neck (area
cast of the Waccamaw River from Murrells Inlet
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south o Winyah Bay) (SCDHEC 1976; Brooks et
al. 1977; Moore, Gardner, and Associates Inc 1977,
Yadkin-Pee Dee River Basin 1979; Conservation
Foundation 1980; Waccamaw Regional Planning
and Development Council 1982; Snyder 1983:
USACOE 1984). Forests were the major land use (>
60%) in the entire Pee Dee-Yadkin Bagin in 1970
but have declined by over 38 km? per year. These
projected decreases will result in a3% loss of forest
land by the year 2010. Agriculture was the second
largest land use in the entire basin with over 16,187
km?® in 1970, but also has declined by 20 km® per
year. Farms in the South Carolina portion of the Pee
Dee-Yadkin Basin numbered 16,805 in 1969 and
occupied 12,435.7 km? (Brooks et al. 1977). Water
areas were 1% and other areas (non-forested wet-
lands, commercial, roads, etc.) 5% with only a
slight increase (< 0.1%). Urban land use increased
from 4% of the land area by 48 km?per year { Yadkin-
Pec Dee River Basin 1979; Conservation Founda-
tion 1980). The pie charts {Fig. [11-56}) are for the
entire basin. Urban land use will increase over 48
km? fram 1970 10 2110,

Land use data were also available for the
Waccamaw subregion {(Waccamaw Regional
Planning and Development Council 1978) (Fig. [11-
57}, During the period 1975-1985 the major land



yse change was a conversion of 344 km? of forested
land to residential communities. In 1975 forests ac-
counted for 45.6% of the land area. In Georgetown
Couaty during the ten-year period 1976 to 1986 forest
area decreased from 78.6% to 73.2% (total land arca
2,128 km?) (Waccamaw Regional Planning and Devel-
opment Council 1977; South Carolina Statistical Ab-
stracts 1987-1988). Agricultare (21.1% of the area) de-
creased during the study period by 10.2 km?. In the
Waccamaw subregion, farms numbered 5,993 and
occupied 2,546 km2. By 1982 the arca and number
of farms had decreased by 27% and 46%, respec-
tively. (Waccamaw Regional Planning and Devel-
opment Council 1976; USDOC 1987). in
Georgelown County farm area decreased from 274
km? to 162 km?* during the same period. This trend
was expected to continue through 1995 with a con-
version of forested and agricultural iand to prima-
rily residential-urban development. By 1995 resi-
dential areas are expected o increase by 24 km? and
forest to decline by 64.9 km?. These shifts, how-
ever, are less than 1% of the 1o1al land area in the
Waccamaw subregion, Commercial and industrial
areas will increase from 28 km? 10 38 km? by 1985,
again representing only 1% of the total area.

In 1976 slightly more than 2% of Georgetown
County was developed. Of the undeveloped land,
53% (2.008.4 km?) was foresied, 6% agriculture,
27% in forested wetlands, and 12% in non-foresteq
wetlands. By 1985 projected land use changes woulg
result in a decrcase in forests (1.4%), forested we.
lands (0.6%). non-forested wetlands (0.6%), ang
agriculture (0.1%). Residential, industrial, and com-
mercial land use was projected to increase by 0,6%
{(Waccamaw Regional Planning and Developmens
Council 1976).

In 1970 over 1,954,500 people resided in the
entire Yadkin-Pee Dee river basin (Yadkin-Pee Dee
River Basin 1979). Approximately 519,000 people
resided in South Carolina’s portion of the Pee Dee-
Yadkin river basin, with increases of approximately
20% projected over the next ten years {(Snyder 1983).
Sixty-eight percent of the population was ¢lassified
as rural with the remaining 166,000 people living i
urban arcas (Brooks et al. 1977). Over 1378735
people resided in the Waccamaw subregion in 1570
and by 1986 that population increased to 215,800
(SC Statistical Abstract 1986). By 1990 the popula-
tion in the entire basin was expected 1o increase by

& Forest Crop &Pasture

Fig. I11-56. ecti ;
g 6. Land use projections for the entire Pee Dee-Yadkin Basin (Yadkin-Pee Dee River Basin 1979).
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sub-area (Georgetown, Horry,
and Williamsburg counties).
with the exception of recrea-
tional growth on the Grand
grrand and industrial growth in
and around Georgetown, Sumter,
and Florence, large industrial
growth in the Pee Dee Basin has
not occurred (Brooks et al.
1977).

The population of Geor-
getown County increased from
33,500 persons in 197010 42,461
permanent residents by 1980,
with projected increascs 1o
47,000 by 1986 (SC Division of
Research and Statistical Ser-
vices 1988). In the Waccamaw
Neck region {encompassing
Morth Inlet Estuary and the east-
ern portion of Winyah Bay Es-
tuary) the population has more
than doubled from 3,153 in 1970
106,523 in 1980 and is expected
1o increase by about 150% by
the year 2000 (Waccamaw Re-
gional Planning and Develop-
ment Council 1985), The coastal
areas of Georgetown and Horry
counties will undergo the most
rapid growth (90% and 142%,
respectively) over the 30-year
period 1970-2000 (Yadkin-Pee
Dee River Basin 1979; Conser-
vation Foundation 1980).

The major growth in popula-
tion is expected to occur along the
lower Waccamaw Neck and is
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Fig. I-57. Projected land vse changes in the Waccamaw subregion
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Fig. I1I-58, Population projections for the entire Pee Dee Basin
{Yadkin-Pee Dee River Basin 1979, Conservation Foundation 1980).

business and industry locating in this
area providing ample economic op-
portunities {Yadkin-Pee Dee River
Basin 1979; Conservation Founda-
tion 1980).

As a result, there will be greater
water demands placed om the estuarine
system {or power, industey, irrigation,
and consumption. The eclecimic power
industry was potentially one of the larg-
esl water users in the basin. The con-
sumptive water use by thermal electric
plants isexpected to increase 30% by the
year 2010 (Fig. IT1-59). Public water
supplies increased stightly less tham six

expected 1o increase drinking water demand and sew- million gallons per day (MGD) cach year or 88 MGD
age wastewaler treaiment. This growth will have sig- from 1970-1985. Municipal and industrial demand in-
rificant impacts on all of the waier systems within the creased from 251 MGD in 1970 to 319 MGD in 1985,
basin, The population in the 44 counties of the Yadkin- resulting in a 4.5 MGD increase per year (Yadkin-Pee
Pee Dee Basin in North Carolina and South Carolina is Dee River Basin 1979).

expected to increase by 53% over the next 30 years (Fig.

HI-58). These increases are due to a national rend off Irrigation use within the entire basin was 36.3
population migration into the Sunbelt states, and more MGD in 1977 and projected to increase by 1 MGD
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Fig. III-59. Water usc by (A) thermal electric power plants and (B) municipal and indusirial water demand int the
Yadkin-Pee Dee Basin (Yadkin-Pec Dee River Basin 1979: Conservation Foundation 1980},
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each year. Irrigation will increase rapidly and is
expected to increase by the year 2010 to 83.5 MGD
(Fig. IT1-60}. In 1980, 80% of irrigation water came
from streams and ponds, with the remainder from
groundwaler welis. In the Coastal Plain of South
Carolina, the supply from wells is expected to in-
crease to 35% by the year 2010 (Yadkin-Pee Dee
River Basin 1979; Conservation Foundation 1980).

Commercial use of Winyah Bay varied butdid
not show a decreasing or increasing trend duringthe
study period. Shipment tonnage at the Port of Geor-
getown changed from 1960 to 1981, averaging
1,174,972 for 1961-1971, 1,500,000 for 1971-1976,
and 1,200,000 for 1977-1980 (Brooks ct al. 1977;
USACOE 1984).

The lower Waccamaw River subbasin was be-
ing subjected to increasing amounts of industrial
and private domestic effluents from point-source
discharges (Table I11-15). In 1969, there were eight
industrial, municipal, and domestic dischargersinto
the lower Waccamaw River subbasin (including
Pee Dee River below its confluence with Little Pee
Dee and city of Georgetown) with a total discharge
of slightly more than 95 mitlion gallons per day
(MGD) (Table I11-15). The major discharger in the
basin was I[nternational Paper Co. which was per-
mitted to discharge 95.3 MGD and 316,396 ibs/day
of oxygen demanding substances {measured as
BOD,). The wotal municipal discharge was less than
1 MGD with atotal BOD, of < 57 [bs/day (SC Water
Resources Commission, unpublished data).

By 1976, five additional dischargers were sited
in the lower Waccamaw River subbasin; together,
the 13 had a permitted discharge of 41.18 MGD and
aBOD, Ibs/day wasteload of 22,422. This wasteload
was primarily from industrial dischargers (21,889

1bs/day). The major reduction resulted from a de-
crease in the International Paper Co. discharge.
Municipal discharge increased by greater than 450
1bs/day (SCDHEC 1976). By 1989 three new mau-
nicipal and one industrial discharger were added to
and onc industrial discharge removed from the
Winyah Bay watershed. At the same lime, Interna-
tional Paper (IP) and SC Public Service Authority
(SC PSA) discharges were decreased, reducing the
total discharge to 29.27 MGD. The three municipal
dischargers added 915.7 ibs/day BOD, to the Wac-
camaw River, but a decrease in BOD, from P and
SC Public Service Authorily resulted in a net de-
cline of 8,589 Ibs/day. It should be noted that the
Swarlz municipal sewage treatment plant has a de-
sign capacity for 19 MGD and Wedgefield 0.4 MGD.
Another municipal sewage treatment plant will be
added to the Waccamaw River at Pawleys Island
withadesigncapacity of 2.8 MGD (SCDHEC 1987).
Therefore, the major trend in wastewater discharge
into the Winyah Bay system was an increase in
municipal sewage. There were no municipal er in-
dustrial wastewater discharges into North Inlet
Estuoary.

1970 1890 2000 2010

Fig. 1I-60. Irrigation water use 1977-2010 in the
Yadkin-Pee Dee Basin {Yadkin-Pec Dee River Basin
1979; Conservation Foundaticn 1980}
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Recreation, Boating, and Tourism

Recreation includes swimming, boating, fishing,
and sightseeing in the Grand Strand portionof the Y adkin-
Pee De¢ Basin, En South Carolina over 36% of the (otal
tourist trade occwred in the Grand Strand. Recreational
use has increased from < 9.5 million travelers and visitors
in 1972 10 over 13 million visitors in 1985 (Waccamaw
Regional Planning and Development Council 1978; SC
Div. of Research and Statistical Services 1987). In the
northem coastal district (Winyah Bay, Murrells Infet,
and Little River Inlet) the major boating activily was
fishing, with shellfishing, shrimping, and crabbing lower
activity preferences (Low ¢t al. 1986). Boat registrations
in Georgetown County increased from 1,124 persons in

1965 to 5,785 in 1985 (USACOE 1984; SC Division of
Rescarch and Suatistical Services 1988). There has been
no increase in the number of public boat landings in
Winyah Bay Eswary.

Within the South Carolina portion of the Yadkin-
Pee Dee Basin, two major state park [acilities exist.
Myrtie Beach State Park, located in Horry Counly, has
the heaviest vistor use of any stale park; auendance has
increased from 924,002 visitors in 1969 o0 1,232,660 in
1987, The third most popular state park was Huntington
Beach State Park in Georgetown County. Huntington
Beach State Park visitor use has decreased from 433,438
in 196910 382,156 in 1987 (SC Division of Research and
Statistical Services 1988).

Table 111-15. Industrial (I}, municipal (M), and privaie municipal (PM) facilities which discharge into the lower
Waccamaw subbasin (SCDHEC 1976, SCDHEC unpublished data),

Facility Name Type MGD BOD, Receiving Stream
1975 1989 1975 1989
City of Georgetown M 2 26 Whites Cr. to Sampit R,
Garden City STP M 0.2 0.3 30 30 Cedar Swamp to Waccamaw R.
Litchfield Plamation PM .02 02 0 30 Chapet Cr. 10 Waccamaw R.
Lichficld Beach M 0.5 .5 15 15 Chapel Cr. 10 Waccamaw R,
Suaie Ports Authority M <0001 <0.001 30 30 Sampit R,
Sca Gull Inn PM 0047 0047 24 24 Waccamaw R,
Whites Creek Subdiv.  PM 0083 Q.12 30 i0 Whites Cr. 1o Sampit R,
Brookgreen Gardens PM 0.005  0.005 60 60 Brookgreen Cr. to Waccamaw R.
Harmony Hills PM 003 0.1 25 15 Turkey Cr. to Sampit R.
Swanz Plant G M 7.5 0 Waccamaw R.
Hagley M 0.05 30 Waccamaw R,
Wedgefield M 0.4 30 Black R,
Georgewown Steel 1 046 204 185  SampitR,
International Paper I 35 18 75 77 Sampil R,
Midland-Ross Corp. { (.461 SampitR,
SC Public Service | 2307 0006 5 30 Turkey Cr. to Sampit R.
VVV Corporation I 0.004 30 SampitR.
TOTAL 41.120 29273
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TRENDS IN PHYSICAL CONDITIONS

Only one long-lerm data set was available Lo evalu-
ate water quality in Winyah Bay. This daa set was
collected by the South Carolina Department of Health
and Environmental Control as part of a state-wide water
quality monitoring program and was available through
the USEPA STORET datahase (SCDHEC 1989; USEPA
Research Triangle Park, NC). Unfortunately, sampling
of waterquality parameters in the Winyah Bay Basin was
not standardized by tidal stage, river discharge, time of
day, day of month, or month of the year. Sampling prior
to 1975 did not cover a full 12-month period. Only one
10-yearrecord wasavailable for adequate temportal analy-
sis (although rigorous, detailed time series analysis can-
not be done).

Analysesof water quatity parameters in North Inlet
Estuary (1978 to present} documented large changes in
water quality conditions relative to tidal stage, ime of
day, day to day within a month, and cpisodic events such
as storms, winds and high freshwater discharge (LTER
unpublished data; Chrzanowski et al. 1982; Gardner
1984: Whiting eral. 1987; Wolaveret al. 1988). Priorwo
1981 swdies were limited 10 seasonal or discrete time
periods. In 1981, daily measurements for water quality
were initiated at three locations in North Inlet Estuary as
part of a larger study (LTER). The water quality assess-
mentfor North Inlet Estuary was basedon the LTER data
for years 1981-1986. Samples were collected at 10:00
EST for the purpose of simulating tidal vanation over a
15-day period. Daily measurements were averaged into
monthly means {or analysis.

Fresh Water (Flow and Perturbations)

No significant wends were observed in freshwater
inflow to Winyah Bay or Morth Inlet estuaries (Fig. IIl-61).
No major disturbances or perturbations occurred in the
watershed tomodify flow. Freshwalter discharge wasrelated
10 precipitation variation, with lower discharges occurring
during 1978, 1580, and 1984,
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Salinity

Winyzh Bay

The salinity regime of Winyah Bay varied with
tidal cycle, tidal amplitude, and freshwater inflow from
the Pee Dec and Waccamaw rivers. Due to lasge fresh.
waterinputs, stratification in the bay was high (Mathe ws
and Shealy 1982). The surface salinity decreased from
the entrance of the bay toward the US Highway 17 bridge
where the Pee Dee and the Waccamaw rivers enter the
bay. Allen et al. (1982) measured salinities ranging from
27.2 %010 35.2 %o and found large spatial vanability in
salinity for the bay with a maximum range of 33.3 %e.
Generally, salinities were highest in November and
lowest in January (aftera period of significant precipila-
tion).

The freshwater line in Winyah Bay extended from
22.5km 10 48 km upstream from the mouth of the bay,
with the average location at 37 km (Johnson 1970). The
freshwater-saltwater interface was dependent on the
tidal cycle and its actual movement was affected by the
inertia of the water mass resulting in maximum intrusion
at high-slack tide and minimum at ebb-slack ude. The
interface reached 3.2 km on the Black Riverand 8 kmon
the Pee Dee and the Waccamaw rivers at high-slack tide,
with average freshwater inflow of 510 m*/s. If freshwa-
ter flow was reduced, the interface reached 25.7 km on
the Pee Dee and the Waccamaw rivers and 21 km on the
Black River, while high flow (391 m?/s or greater) held
the interface near the mouth of the rivers (Johason 1970).

Vertical salinity stratification was dependent on
tidal stage, wind disturbance, and the amount of fresh-
waterrunoff (Van Dolah ctal. 1984). Daring most of the
year, surface and bottom measurements indicate some
salinity stratification at all the deep water slauions, with
differences between sorface and hottom samples of
10%e¢. The denser, more saline waters were near the

bottom and the fresher waters were near the surface



{Allen et al. 1984). In the study by Hinde et al. (1981),
boitom water analysis showed that salinities ranged from
mesohaline in the Western Channe] and South Island,
where thay Muctuated from meschaline at low tide to
euhaline at high tide, 10 euhaling in the nearshore waters
of the mouth of the bay.

North Inlet

North Inlet was characterized by high monihly
aversge salinities of 30 - 34 %o (LTER unpublished data),
The majority of waler exchange with the Atlantic Ocean
was throngh a barrier island inlet, with additional bur
limited exchange through Winyah Bay. It was a well-
mixed esary with little stratification (Kjerfve 1984).

There was negligible freshwater runoff into the estuary;
the runoff that exists emanated from the maritime forest
to the northwest, which serves as a catchment area for the
annual rainfall of 1.2 m (Kjerfve 1984). The mean
freshwater input was between 1.0 10 5.0 m?/s. The area
of marsh adjacent to the forest had salinities as low as 4
%o for several days as a result of intense frontal rains of
hurricanes (Kjerfve 1984). Intrusions of low salinity
water from Winyah Bay influenced salinity regimes in
North Inlet Estuary. This influence varies inlerannually
and on time scales of days to several weeks (LTER
unpublished data). Because of the large tidal pumping
through North Inlet, these low salinity pulses were rap-
idly distributed throughout the North Inlet Estuary. Litle
spatial variation in average salinities nccurred.

A D3

daily average (maf 806G)
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Fig. I11-61. Freshwaier discharge into (A) North Inlet Eswary (as
represenied by a 5.3 kmv? watershed which drains ino North Intet
Estuary} and (BYWinyah Bay Estuary (daily average {low from the
-l\’_accamaw. Pee Dez, Black, Lynches, and Lintle Pee Dec rivers),

Salinity had significant seasonal patterns re-
lated 10 freshwater discharge in Winyah Bay
and North Inlet estuaries. North Inlet seasonai
and interannual salinity variation was related
to intrusions from Winyah Bay Estuary. No
significant long-term wends were found for
salinily using either the monthly data or annual
means.

Temperature

No significant rends were observed for
lemperature in North Inlet or Winyah Bay
estuarics using linear regression analysis on
monthly or annual data.

Dissotved Oxygen and BOD,

The SCDHEC STORET database con-
tained monthly measurements for a number of
water quality parameters in Winyah Bay and
the lower Waccamaw River. Two water qual-
ity assessments of this area have been con-
ducted. Twenty-iwo stations were used to as-
sess water quality in 1972-1973 and eight sia-
lions were used to assess changes for 1977-

1986 (SCDHEC 1976; Knowles and Fable
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1986). In general water quality has improved since 1972.
Nineteen percent of water quality samples (SCDHEC
monitoring stations) during 1972-1973 showed contra-
ventions of South Carolina Water Quality Standards for
dissolved ox ygen. Most of these violations were associ-
ated with point-source discharges. There were also
dissolved oxygen contraventions which indicated the
presence of nonpoint sources. However, by 1984 and
1985, more than 99% of the saltwater area in the lower
Waccamaw subbasin met South Carolina Water Quality
Sundards. The major problems were dissolved oxygen
contraventions due to municipal discharges into Whites
Creek (City of Geargetown) and the industrial discharge
from International Paper into the Sampit River. Between
1977 and 1986 dissclved oxygen was fess than 5 mg/l for
14 samples and of those 14 only 4 were less than 4 mg/
1,representing less than ~14% or —4% of the 120 samples.

Onrly one primary water quality monitoring station
was located in Winysh Bay (MD080). SCDHEC per-
formed a trends analysis on data from this station for the
years 1975-1985 using a noaparametric test. Spearman
correlation coefficienis for the ranks of the annual means
related 1o years were used to determine whether a given
waler quality parameter increased or decrcased consis-
tently. Dissolved axygen showed no significant trend in
walerquality while BOD, declined significantly (Knowles
and Fable 1986).

Linear regression analysis was performed on all
monthly data from station MDOS0 to determine if there
was a significant seasonal or long-term irend in the water
quality parameters. No long-term trends were found in
monthly dissolved oxygen. Dissolved oxygen bad sig-
nificany seasonal variation (p < 0.05) which may have
contributed tothe lack of long-term variation in monthly
data. To remove the seasonality in dissglved oxygen,
monthly data were averaged annually and linear regres-
sion analysis then performed on the annual mean data 10
determine long-term trends. Dissolved oxygen signifi-
cantly increased over the ten-year period. Dissolved

oxygenconcentrations were significantly related to fresh-
water discharge. Monthly BOD, significanily declined
during this ten-year period (Fig. 111-62) while BOD,
showed no significant long-term trends based on annual
data,

Nutrients

Winyah Bay

Based on nonparametric statistics, nirate and total
phosphorus showed ne significant trend in water quality,
but 10tal Kjeldahl nitrogen and ammonium significantly
increased during the ten-year period 1975-1985 (Knowles
and Fable 1986) (Fig. {11-63). Nitrate was significantly
related 1o changes in salinity (p < 0.05), suggesting a
freshwater source. Using linear regression analysis, no
long-term trends in total phosphorus, total Kjeldahl nitro-
gen and nitrate were detected.

Table IT1-16 shows the significantiong-term trends
in waler quality parameters which were obtained using
linear regression analysis. In general, concentrations of
toial nitrogen and total phosphorus decreased in North
Inlet Estoary. Inorganic nitrogen fractions showed dif-
fering temporal patterns al cach of the three staions.
Inorganic nitrogen (nitrate-nilrite and ammonium) sig-
nificantly increased at Town Creek. Nitrate-nitrite sig-
nificantly increased during the study period at Oyster
Landing whileammonium showed no significantchange.
No significant rends were observed in pirate-niinte or
ammonium at Clambank. Oyster Landing was influ-
enced by ammonium-rich freshwater runoft from an
undisturbed forest watershed with interannual ammonic
variation which reflecied variation in freshwater dis-
charge. This station was shallower than Clambank and
Town creeks and was more susceptable 10 marsh runoff
than either creck. The increasing trend at Town Creek
was influenced by Atlaniic Qcean and increased rends in
inorganic nitrogen reflected factors influencing offshore
waters. Clambank was episodically influenced by intru-
sions from Winyah Bay to a greater degree than Town
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Fig. lI[-63. Annnal mean total Kjeldahl nitrogen and ammonium
concentrations for 1975-1985 for Winyah Bay (MDO0&0, SCDHEC
STORET database).
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Creck and Oyster Landing and the epi-
sodic variation masked any longer term
paiterns,

Significant seasonal trends (based
on monthly means) were found ina num-
ber of parameters {Table 111-17). Forsome
parameters, such as total nitrogen or
phosporus, Lhe seasonal pattern was con-
sistent from year to ycar {Fig. I11-64);
however, other parameters, such as am-
monium, were inflluenced by factors soch
as intcrannual vanation in terrestrial run-
off. Ammonium and nitrate-nitrite had sig-
nificant interannual variation in seasonal
patterns, [nterannual seasonal variation in
ammonium was strongly linked to salin-
ity, further substantiating the influence by
freshwater-supplicd ammoniuvm. Higher
concentrations of ammonia occurred in
terrestrial runoff and waters in Winyah
Bay.

North Inlet

Nitrate-nitrite was strongly inflo-
enced by intrusions from WinyahBay and
accounted for the interannual variation from
1981 to 1985. This pattern was particularly
obvious at Clambank Creek. However, the
high concentrations that occurred during
1986 cannot be linked to freshwater inflow
or intrusions from Winyah Bay. The salini-
ties and temperatures during 1986 were
among the highest recorded for North Iniet;
salinity on a seasonal basis and temperature
over an exiended time period. Results sug-
gested that the increase in ritrate-nitrite i
Nonh Inlet during this year was due to
enhanced microbial degradation of organic
matter resulting in elevated nutrient release
and concurrent oxidation,



Creck - TC, Oyster Landing - OL, Clambank - CB).

Table ITI-16. Significant rends in water quality parameters for North
Intet (NC - no change, T -increasing, D - decreasing) based on linesr and 8% to 29% of the total phosphorus
regression analysis of monthly means (LTER unpublished data) (Town variation in Nenh Inlet Estuary. Highest

between 6% and 23% of the orthophosphate

total phosphorus concentrations occurred at
low tide and lowest concentration at high

Parameter TC OL CB . _
tide. The higher concentrations at low tide
Salinity D NC NC were not due 10 exchange with the marsh
Total Nitrogen D D D ,
. Wol 1 al, (1988) studied
Dissolved Organic N~ D D D surface. Wolaver et al. (1988) studied the
Nitrate-Nitrate 1 1 NC exchange of phosphorus between the marsh
Ammonia 1 NC NC susface and adjacent tidal creek (Bly Creek).
Total Phosphorus D D D . . .
Hi
Dissolved Organic P D D D gher concentrations were detected in
Orthophosphate D D D flooding waters and decreased concentsa-
tions in ebbing waters. Although there were
“Table TI1-17. Water quality parameters in North [nfet Estuary which | - €levated concentrations during seepage and
have significant seasonal patterns (p <0.05) (LTER unpublished data) | low tide drainage of the marsh, this flux was
(Town Creek - TC, Oyster Landing - OL, Clambank - CB). less than 25% of the phosphorus retained by
Parameter TC oL CB the marsh during innundation, No benthic
exchange studies have been conducted in
Salinity North Inlet to determine whether tidal creck
1 * - -
Tt.nal Nierogen . bottoms or unvegetated marsh area were
Dissolved Organic N * .
Nitrate-Nitrite sources for totat P ororthophosphate. Higher
Ammonium * - concentrations of orthophosphate inthe sedi-
Total Phosphorus * * ments and an inverse relationship between
% i L]
Dissolved Organic P orthophosphate concentrations and dis-
Orhophosphate . * .
charge of water leaving the marsh surface

Other factors inflaenced phosphorus dynam-
ics on short-term episodic {(e.g., rain events at low
tide) or tidal frequencies. There was substantial
temporal variation on scales less than monthly for
the various phosphorus fractions. Biweekly vari-
atign (25-35% of total variation in total phospho-
rus) occurred, with ¢pisodic phenomena contribut-
ing significantly to this shorter term variation, For
example, rain gccurring at low tide accounted for an
additional 60% of the variation in total phosphoruas
adjacent tothe maritime forest. Upland runoff, drainage
from marsh surfaces, exchange with the marsh surface,
and ditution with flooding waters from the ocean contrib-
uted to tidal variations in orthophosphate and Lotal phos-
phorus concentrations. Tidal variation explained
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suggested that diffusion from the sedi-
ments occurred and that diffusion from unvegetated
areas and creck bottoms was polentially asounrce for
the orthophosphate at low tide (Gardner 1975;
Wolaver et al. 1988). During periods of upland
runoff the forest was a source for the higher concen-
trations at low tide. Higher concentrations oc-
curred adjacent to the forest particularly at low tide
(Blood unpublished data).

pH

No significant trends were observed in pH for
Winyah Bay Estuary. Insufficient data exist for
North Inlet Estuary to address this water quality

parameter.



Sediments
Winyah Bay

Due to the limited flushing capacity of Winysh
Bay (Conservation Foundation 1980), most sedi-
ments were deposited in the bay. The bay botiom
environment was in a constant state of change due
to factors such as stream flows, currents, storm
events, dredging, and tidal fluctuations, Large quan-
tities of sand brought into the bay with flood tides
become trapped in the estwuary as a result of the
bay’stypical esluarine circulation pauern (Hinde et
al. 1981). Under most circumstances, a portion of
the sediment load would exit the bay

1983}. Since 1952, the Georgetown Harbor Project
has maintained the entrance channel at 9.18 m with
average annual mainienance dredging of 94,910 m?
(USACOE 1976).

Turbidity (as an indicator of suspended sedi-
ment load) had a significant seasonal pattern, sig-
nificantly related to salinity. Long-term turbidity
patterns were related to salinity variation indicating
loading associated with freshwater discharge. How-
ever, no significant Jlong-lerm trends were cbserved
using linear regression analysis on monthly and
annual data for MDORO.

tothe ocean floor with the tides. How-
cver,in Winyah Bay, the flood tide, in

conjunction with the density of the
currents, push the sediments along the 30
bottom upstream. These upsiream
flows were strong enough to (rap the

sediments in the bay and move the

20 4

load into smaller tributaries such as
the Sampit River (Conservation Foun- "1
dation 1980). At the saltwater- (resh-
water interface ncar Georgetown Har-

bor, siitalion was very rapid during

1881 1982 1983 1984 1985 1986

periods of average freshwater flow, B
due to flocculation and biological 20
processes that cause particle aggrega-
tion into denser masses {Conserva-

tion Foundation 1980; Hinde et al.

ug at/|

1981). Dredging causes differential 1.0

deposition into the dredged channels
sothat the volume of sediment dredged

A a & L a 2. .2 4 1

should include almostall upland sedi-

o
o
i

ments thal have entered the bay plus
any marine sands that have been

brought in through the entrance chan-

nel (Moore, Gardner and Assoc,, Inc. | three stations.

Fig. III-64. Annual salinity, nitrate-nitrite and ammonia for Norh
Inlet Estuary. Means (= SE) represent an average of daily values from

1983

1961 1582 1884 1885 1986
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TRENDS IN POLLUTANT LOADINGS AND
AMBIENT POLLUTION CONCENTRATIONS

Toxics data for Winyah Bay have been col-
tected on coliforms (SCDHEC STORET 1970-1985;
Newell 1985; 1987;), heavy metals (Johnson 1970;
SCDHEC STORET 1970-1985; USACOE 1976,
1981; Jones etal. 1979), grease (SCDHEC STORET
1970-1985; USACOE 1976, 1981; Jonesetal. 1979),
and selected organic compounds (Johnson 1970;
SCDEEC STORET 1970-1985; USACOE 1976,
1981; Jones e al, 1979) (Fig. 111-65}. However, no
comprehensive studies (i.e., spatial data over an
annual cycle) have been conducted in Winyah Bay,
Several short- term studies, usually single sample
dates, have been conducted in association with
continued dredging of Georgetown Harbor and the
shipping channel through Winyah Bay {Jones,
Edmunds and Assoc., Inc. 1979; USACOE 1976,
1981: Van Dolah et al. 1984). SCDHEC has moni-
tored both metals and organics dissolved in the
water and contained in the sediment at sclected sites
in the upper bay. Only coliforms (total and fecal)
have been monitored in the lower bay by SCDHEC
(Fig. 111-65).

Inorganics

Winyah Bay

Heavy metals have been analyzed in water,
sediments, and fish at several locations in Winyah
Bay (Fig. 11I-65). Evaluation of dissclved heavy
metals in Winyah Bay was difficult since several of
the metals (cadmium, copper, nickel, and chro-
mium) have over 75% of their reported concenira-
tions below analytical detection limits. Only lead,
zing, and mercury had greater than 50% of the
analyses above the detection limit (Table II1-18).
Concentrations of heavy metals dissolved in the

water were generally very low. Only lead and zing

were detected al levels above the criteria used for
relative assessment of major pollutants by SCDHEC
(zinc¢ -170 ppb, lead -140 ppb) (SCDHEC 1986),
Using the criteria established by EPA for one-hour
average for lead and one-time concentration calcu-
lated to protect aquatic life, lead values exceeded
the criteria in 23% of the samples (average of all
stations) and zinc in 13%. Van Dolah et al. (1984)
found similar levels of dissolved heavy metals in
the lower bay and offshore. Dissolved copper, mer-
cury, lead, and nickel were below detection limits.
Zinc concentrations (140 - 265 ppb} were similar (o
upper bay concentrations at SCDHEC stations.
Cadmium (< 0.1 - 7.1 ppb) and chromiam (1.4 - 5.3
ppb) concentrations were lower than those at
SCDHEC stations. Arsenic concentrations were
variable ranging from < 0.1 ppb to 92.8 ppb.

Heavy metals dissolved in the water were gen-
erally at the detection limit except for chromium,
lead, and mercury {Figs. I11-66, II11-67). No signifi-
cant long-term trends were found for any of the
dissolved metals at any of the stations based on
linear regression analyses of annual data, Dis-
solved heavy metal concentrations were averaged
for the peroids 1975-1980 and 1981-1985. Al-
though cadmium, copper, zinc, nickel, and Jead
decreased, the decreases were were nol significant.
Mercury decreased at MDOB0 and MPO7?3 from the
mid-1970's 10 mid-1980's. The two other stations
(MD075 and MDO77) showed no sigaificant
reduction {(Figs. ITI-68, [11-69).

Sediment heavy metal concentrations in
Winyah Bay varied spatially as a function of sedi-
ment 1ype and point-source discharges. Sediments
from 20 stations were analyzed for lead, zine, cop-
per, and chromium {USACQE 1976). In gencral.
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Fig. I11-65. Sampling stations for toxics (heavy melals, organics) (1 - Jones, Edmunds, and Associates, Inc. 1979;
2 - Van Dolah et al. 1984: 3 - USACOE 1976; 4 - SCDHEC STORET database; 5 - Johnson 1970).
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Fig. 111-66. Dissolved chromium in Winyah Bay (MDO80) and the Sampit River (MDO073, MDO7S, MDO77)
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Fig 11167. Dissolved mercury in Winyah Bay (MDOS0) and the Sampit River (MD073, MDO7S, MD077) (SCDHEC

highest concentrations were detected in the Sampit
River adjacenl to Geotgetown Steel. The upper bay
stations had higher heavy metal concentrations than
lower bay stations. Zinc and lead were five 10 six
limes greatcr in the upper bay than the lower bay
scdiments (Figs. II[-70, III-71). Copper was high-
estin the upper bay, averaging 24 times greater than
the lower bay (Fig. [11-72), Chromium was 1310 18

times grealer in the upper bay and Sampit River,
than in the remaining estuary (Fig. 11[-72). Concen-
trations in the Pee Dee and Waccamaw rivers were,
in general, comparable 1o the levels detected in the
lower and mid bay stations.

No abvious spatial pauterns in arsenic, copper,
cadmium, chromium, cobalt, mercury, or nickel

HI-76



10G 4 Cr

80

m-

ug /1

40 4

20 4

1975-1980 1981-1985

Fig. 111-68. Dissolved chromium {Cr) and mercury (Hg) from station MDOB0 (SCDHEC STORET database).
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Fig. I11-69. Spatial variation in long-term trend in dissol ved mercury comparing the periods 1975- 1980 and 1981-1985.
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concenlrations were apparent in a survey of sedi-
ments in the upper portion of Winyah Bay and the
Sampit River (USACOE 1984). Lead and zinc were
slightly elevated in the Sampit River (Fig. I1T1-73).
Concentrations of chromium, copper, lead, zinc,
and mercury at MDOB0 were similar to levels de-
tected in the upper portion of Winyah Bay. Only
nickel was significantly higher at MDOBO than in
the upper bay or Sampit River. In general, lower
concentrations were found in the fower harbor and

1n1-77

oFfshore from Winyah Bay than in the upper harbor
and Sampit River (USACOE 1979; Van Dolah et al.
1084) (Fig. I11-74).

Sediment heavy metal data for trends analy-
sis were available for MDORO. Only copper signifi-
cantly declined from 1975 to 1985 (based on lincar
regression analysis of annual data} (Fig. 111-75).
Sediment copper concentrations ranged from 1 mg/
kgto 10.9 mg/kg (mean = SE, 7.1 4 1.3). Sedimenl



Fig. M-70. Zinc concentrations in sediments (ug/g).




Fig. 111-71. Lead concentrations in sediments {ug/g).
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Fig. I-72. Concentrations of copper and chromium in sediments (g/g dry wi) from Winyah Bay,
Sampit River, Pec Det River, and Waccamaw River (USACOE 1976).
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Fig 111-73. Heavy metal concentrations in sediment. Concenirations were ug/g dry weight. Average
and standard error. Sampit River data were average of four samples and upper bay average of six
Samples. MDOBO daia were an average of data from 1977-1985.

HI-80




chromium concentrations averaged 9.1 £ 2.6 mg/kg
with a range of 5-26.2 mg/kg. Lead ranged from 5
to 26 mg/kg with a mean of 14.2 + 3.4 mg/kg.
Nickel had the highest detected concentration of
100 mg/kg and averaged 18.9 + 11.6 mg/kg with a
range of 5-100 mg/kg. Zinc average concentrations
were the highest at 23 + 5.1 mg/kg and ranged from
8-40 mgfkg. Mercury concentrations were very low
(0.24 £ 10.02, 0.2-0.3 mg/kg).

Station MDO080 was a poor station to sample
for wreads in heavy metals because it was “up-
stream” from the Sampit River. The highest major
heavy metal concentrations occurred in the Sampit
River adjacent to Georgetown Steel Mill. No long-
term data were available for the Sampit River or
Winyah Bay below the river 10 assess the impact of
this significant point-source discharge. Therefore,
caution should be exercised in ¢xtrapolation of the
MDO080 data analysis to the entire bay.

No information was available for metals in
sediment or water for North Inlet. Heavy meital
concentrations in fish and shelifish were poorly
known for Winyah Bay and such information was
Limited data were
available for Winyah Bay (Table III-19); however,

they were insufficient Lo assess long-term heavy

noncxistent for North Inlet.

metal trends in fish.
Organics

Agriculteral applications of 28 commonly-
used pesticides were estimated for 78 estuarine
drainage areas in the US (Paitet al. 1989). Agricul-
tural use was calculated from crop type, area of
crop, and the application rate of pesticide for each
specific crop. The Winyah Bay estuarine arca ranked
fifth in overall estuarine drainage arca with 25% of

II-81

the land area (9.360 mi* in agriculture. Soybeans
were the predominant crop. Winyah Bay has one of
the highest reported pesticide uses in the United
States. It ranked secend nationally in overall an-
nual pesticide use (3,240,000 lbs/yr) and ninth in
annual pesticide use per area (1,344 1bs/mi*/yr).

The heaviest application of Carbaryl occurred
in Winyah Bay, with over 290,000 Ibs applied mainly
Addiuionally, over 355,000 1bs of
methyl parathion were applied to cotton and soy-

to soybeans.

beans. Ethoprop, a nematicide, was also heavily
used; over 182,000 ths were applied 10 soybeans,
tobacca, and corn, The dominant herbicides used to
conirel annual grasses and broad-leafed weeds were
Alachior and Atrazine, Winyah Bay ranked fourth
and third, respectively, for use of these herbicides.

To assess the potential toxicity of these com-
pounds, an environmental hazard rating was c¢stab-
lished based on toxicity, persistence of the com-
pound and potential to accumulate. Winyah Bay
ranked fifth in toxicity-normalized pesticide use,
meaning that it was notonly a high use area but also
uses pesticides which have a high toxicity.

Even with this heavy use, relatively few pes-
ticides have been detected in Winyah Bay water,
sediments, shellfish, or fish ussve. The only or-
ganic compounds which have routinely been de-
tected were Dieldrin, DDT, DDD, DDE, and PCBs.
Numerous other compounds have been the subject
of analysis, but no dectectable jevels have been
found: Aldrin; Alpha BHC; Arochlor 1242, 1254,
1260; Awazine; Beta BHC; Endosufan IT; Endrin;
Gamma BHC; Heptachlor Epoxide; Malathion;
Mehoxychlor; Methyl Parathion; Trithion; Toxa-
phene; Mitrex; Lindane; and Chlordane. Concen-
trations of DDD (0.4-4.2 ppb), DDE (0-3.4 ppb),
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Fig. l11-74, Heavy mceial concentrations in sediment in lower bay and of fshore (Van Dolah etal. 1984).
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“Tabje [11-19, Heavy metal concentrations (ppb} in fish tissue from station MDOBR (SCDHEC STORET data}.
Mean was average of all datza for the period 1977-1985.

Cadgmium  Chromium Coppet Lead Zinc Mercury
1 Mean 361 2227 9.883 2,841 101,466 154
Number 5 6 6 8 9 5
Minimum 300 1.000 1,250 1,060 4250 250
Maximum 400 6,950 18,000 12,050 220,000 210

Table .26, Pasticide and PCB levels in fish tissue collected in 1974-1976. Concentrations are pg/kg wel weight

{SCDHEC STORET).

Species Dieldrin DDT DDD DDE
Elops saurus! 18.7 29 7.6

Esox niger* 16.7 16.4 iy

Leiostomus xanthurus® 18.0 330 310
Micropogon undulatus® 42 6.5 6.4

Mugil cephalus® 18.6 13.7

I Samples collected in 1974

2San‘q;}les collected in 1975

and Dvieldrin (1.1-9.1 ppb) were detected in sedi-
ments from the upper portion of Winyah Bay by
Johason {1970). No deteciable leveds of Aldrin,
Endrin, or Lindane were obscrved.

South Carolina Department of Health and En-
virommental Control monitored 297 fish from 74
trend monitoring stations throughout South Caro-
lina from 1974 to 1976. One station from the upper
portion of Winyah Bay was sampled {Fig. HI-65).
Oniy Dicldrin, DDT, DDD, and DDE were found in
the fish tissuc (Table I11-20). During the sampling
period, 88% of fish in the state of South Carolina
contained DDT or its isomers and meiabolites, with
an gverage of 9.4 ppbin 1974 and 4.8 in 1975, The
average DDD was 6.6 ppb in 1974 and 4.7 ppb in

1975. DDE was found in 94% of all fish analyzed,
with a mean of 1.6 ppb.

Van Delah et at. (1984) found no detectable
concentrations of PCBs; alpha BHC; Lindane; Hep-
tachlor: beta BHC; Aldrin; Heptachlor Epoxide;
DDT; DDE; DDD; Chiordane:; Dieldrin: or Endrin
dissolved in water, bound with sedimenis, or in
tissue from the knobbed whelk {Busycon caricad in
the lower Winyah Bay, Jones, Edmunds, and Assoc.,
Inc. {1979) also found no detectable fevels,

The SCDHEC STORET database conlains an-
noal measurements for organics in sediments, shell-
fish, and fishes. Dissolved organics were cellected

quarterly. Toevaluate pollutani concentration rends
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upper bay 1o the lower bay off South Island.

Table 11-21. Pesticides trend data based on SCDHEC monitor-
ing data for MDOB0 1977-1985. In 1983 nofish or shellfish were
sampled and in 1984 the sampling siation was changed from the

were monitored but all measurements feyf
below detection limits, These data were -
sufficient to predict trends in organic pollyt-
ants. Data from the only long-term station
also were insufficient to assess the impacts
on Winyah Bay Estuary. The station was
located in the upper portion of the bay and not

Pesticide (ugkg) Range
DDD shellfish 45
DDE shellfish 1.9-24.5
DPDT fish 10-25
DDT shellfish 2.8
Dieldrin shellfish 50
PCRBs fish 53.5-536.7
Chlordane fish 45
a-BHC fish 20

ina zone where sediments accumulate, [1was

surprising, given the potential loading of or-
ganic pollutants predicted by Paitetal, (1989),

that more organics were not detected.

Coliform Bacteria

Winyah Bay

in water and sediments, data from MDO73, MDO74,
and MDO77 (all three located in the Sampit River)
and MDOSD (localed in upper Winyah Bay) were
used. Biological data were available for two
stations MD213 and MD637. Notrends were obvi-
ous in the organic pellutants dissolved in water or
present in sediments because rarely did pollutants
excced the detection limit. Table 111-22 contains all
organic pollutants which have been detected in fish,
shellfish, or sediments, As mentioned in the previ-

ous toxics section, many cther organic pollulanis

Winyah Bay's water quality was classified SC
by SCDHEC. Under this classificalion coliforms
may average 1,000 colonies/100 mlannually. Clas-
sification SB requires fecal coliform levels of less
than 200 colonies/100 ml, and in S A waler less than
70 colonies/100 ml. Based on the long-term fecal
coliform average (28.5+ 18.1, range 0-2,000, mode
30) (1970-1985) at MDO80, Winyah Bay should be
classified as SA. Sources for fecal coliforms in
Winyah Bay included municipal point sources and
numerous nonpaint source contaminations fram

Table 1i1-22. Pesticides (ug/kg) trend data based on SCDHEC monitoring data. During 1983 no fish or
sheilfish were sampled and in 1984 the MDOBO station was changed to MD213 (lower bay off South
Island). Blank cells indicate organics below the detection limit.

Pesticides (ug/kg) 1977 1978 197% 1980 1981 1982 1983 1984 1985
PCB mud 11.8

DDD shetlfish 4.5

DDE shelifish 245 35 21 1.85

DDT fish 25 10

DDT shellfish 2.8

Digldrin shellfish 5

PCBs fish 107 53.5 536.7

Chlordane fish 4.5

o-BHC fish 2
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Table 111-23. Municipal dischargers into Winyah Bay and associated rivers and tibutari
Represents target wasleload allocation in 1976. tanes (SCDHEC 1976).
Municipa! Discharger Volume BOD, Fecal Coliform
(MGD) Ibs/day colonies / 100 ml
City of Georgetown 20 30 200
White's Creek Subdivision 0.125 30 200
Harmony Hills 0.036 25
Litchfield Plantation 0.02 30 200
Litchfield Beach 0.02 15 200
Brookgreen Gardens 0.005 60 200
Sea Gull Inn 0.044 24
Garden City 0.2 30 200

septic systems. Municipal dischargers which were

permitted to discharge into Winyah Bay orits tribo-

waries include: the city of Georgetown, White's Creek

Subdivision, and Harmony Hills, Litchfield Planta-

tion, Litchficld Beach Sewage Treatment Plants
(STP). Brookgreen Gardens, Sea Gull Inm, and
Gardent City STP discharge into the Waccamaw
River which drains into Winyah Bay (SCDHEC

1976) (Table IT1-23).

Seasonal trends in fecal coliform were hard to

discern because of the high variability in the
monthly geometric averages (Fig. L1I-76). Fecal
coliform levels were, in general, higher in May
(60.3/100 ml) and November (61.9 colonies/
100 ml), with lower levels occurring during the
early spring (11.1 colonies/100 ml). Highly
variable concentrations occurred during July
(SE - 177 colonies/100 ml) and November
(SE - 125 colonies/100 mi). These highly
variable data resulted from episodic events
likely associated with storm discharges.

Linear regression analysis was used on
all monthly data from station MD(80 to

determine if there was a significant seasonal or
long-term tend in fecal coliform. Fecal coliform
significantly declined during this 15-year period.
From 1970 to 1985, fecal coliform at MDORO only
exceeded the SB designation (1,000/colonies/1060
ml) twice (November 1974, July 1975} and the SA
designation (200 colonies/100 ml) four times (Fig.
111-77). The apparent lack of significant conlamina-
tion can be attributed to two factors, First, MDO80
was above the Sampit River where the major fecal
coliform input originated and significantly down-
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Fig. lI[-76. Mean monihly fecal coliforms and standard error for
1975-1985 (SCDHEC STORET databasc).
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colomies / 100 mi
+

1970 1975

Fig. 111-77. Fecal coliform concentrations (colonies/100 mi) at station MDO8O (SCDHEC STORET database). Two
samples (November 1974 and July 1975) exceeded 1,000 calonies/100 ml (not displayed in the figure).

1980 1985

stream {rom municipal inputs into the rivers drain-
ing into Winyah Bay. Secand, the lower portion of the
Pee Dec Basin was relatively undeveloped compared
10 cther estuaries {¢.g., Charleston Harbor); there-
fore, the lower loading during the study period
contributed to the lack of high coliferm measure-
ments,

Noarth Inlet

IFecal coliforms have been sampled a1 11
slations in North [nlet Estuary since 1970 (Fig, 11}-
78). Portions of Nerth Inlet Estuary have been
restricted or conditionally-restricted for shelifish
harvesting based on fecal coliform levels, Figs. I1I-
79 to 1I-81 contain fecal coliform data for North
Inler Estuary. For stalions in the approved area
(classification SAA) only one sample during the
I 5-year record exceeded 200 coloniesf100 ml. The
geometric average fecal coliform level for stations

10, 3, and 4 were 39, 35.9, and 40 colonies per 100
ml, respectively (SCDHEC STORET dalabase). In
the restnicted arca (stations 6 and 7), fecal coliforms
were higher (50.5 and 54.6 colonies/100 ml} with
five samples at station 6 and two samples at stalion
7 exceeding 200 colonies/100 ml, Geometric aver-
ages at the remaining condilionally restricied sta-
tions ranged from 26 colonies 1o 91 colonies/100
ml. Violations of the 200 colonies per 100 ml stan-
dard averaged four samples per site.

No trends were obvious or significant overthe
15-year period. The lack of significant trends re-
flected the lack of human development in the North
Intet Estuary. Coliforms were primarily due to
animal contamination or intrusion from Winyah
Bay waters. Even inputs from the North Inlet Estu-
ary terrestrial component were from animal sources

in wetland areas draining the forests,
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TRENDS IN BIOLOGICAL RESOURCES

No long-term studies have been conducted on
benthic populations in Winyah Bay Estuary at simi-
lar locations or with similar sampling equipment. It
was not possible to draw infercnces from the few
isolated studies which have been conducted be-
cause of differences in substrate and sampling loca-

tion.

However, meiofauna have been sampled at
two locations (sand habitat and mud habitat) con-
sistently from January 1973 10 December 1983
{Coull 1985) in North Inlet Estuary. Nematodes
were the most abundant taxon at both sites with
higher abundance (856/10 cm?) at the

No data were available to assess long-term trends
in planktonic communities of North Infet Estuary and
Winyah Bay Estuary.

Limited data were available to evaluate long-
term trends of nekton in North Inlet Estuary. Ogburn
et al. (1988) assessed four years of seine and trawl
samples at two sites, coliected biweekly, from 1981
to 1934. Numbers of nekton species had similar
seasonal patterns each year. In 1981, a greater num-
ber of species were collected than during the re-
maining three years. Species richness was greatest

during the summer and lowest during the winter.

mud site than the sand site (641/10
cm?). Copepods were the second most
abundant at the mud site (223/10 cm?®)
while gastrotrichs (275/10 cm?) were

the second most abundant at the sand

site.

Overall meiofauna abundance ‘i-

was similar over the 11-year period
(sand - 1,240/10 cm?, mud - 1,247/10
cm?). However, the variability was
almost double at the sand site. Re-
peatable annual cycles were evident
for the major taxa but no long-term
trends were observed. Total meiofau-
nal abundances were greater from
1974 10 1977 but no physical or bio-
togical causative factors were able to
explain the increases in abundance
(Fig. I111-82). Proposed hypotheses in-
cloded shifts in sediment composi-
tion at the sand site and potential
longer term natural cyclic phenom-

ena at the mod site.

Fig. II1-78. Sampling locations in North Inlet EsLuary for fecal coliform
{# colonies/100 ml).
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Fig.[11-79. Fecal coliform levels in an area of Norih Inlet Estuary classified as approved for shellfish harvesting.
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Fig.111-80. Fecal coliform levels in areas of North Inlet Estuary classified as restricted and conditionally approved
for shetlfish harvesting.
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Fig. liI-81. Fecal coliform levels in an area of North Inlet Estuary classified as conditionally approved for shellfish
harvesting.

1000
soo' Station 05
| J
8 6004 ® ®
400 °
1 *
200 o . 4
*
0:__,__,_-‘-.-.‘_,-..,_,.._,-4_'.._....1..:1_*,‘_.‘.'_,
wn 1975 1980 1985
1000
]
500 | Station 08
[
g wo-
*
2 w0l
z :
200
. <
DLW_FM—H”““-.M—M—
1970 1975 1980 1985
1000
.
R Station 09 i
. -
g o]
X w0
- .
200 .
bt )
0 T T‘.J_I..'V_T.M-.m.:r—
1970 %7 1980 1985
1000
_ 800 Station 11 °
|
E 8004
2 o)
£ 3
) —— ¢
1970 1975 1980 1985

190



Species richness was not different between years.
There was significant year-to-year variation in the
number of individuals collecied. Annual variation
in numbers of individuvals varied with sampling
location and sampling equipment. As an example,
the greatest numbers of individuals were collected
in 1983 and 1984 at a mid estuary creek site using
trawls while using seines in 1981 were greatest at
both a mid-estuary site and in Town Creek.

Lowetal. 1987). Annual reporied
shrimp landings from Winyah Bay
3000 .
range from approximately 2,700 kg
—&— Mud
o 207 10 91,000 kg and average 36,000
5 —~—— Sand
S 2000 4 kg (Bearden et al. 1985). The
- permitied area for shrimp trawi-
= 1500 4 .
5 ing in Winyah Bay was 1,120 hec-
EIOOO- tares, making it one of the most
8 500 productive of the six permitted
0 . areas in South Carolina on a per
— e v
1872 1874 1976 1978 1980 1982 1984 hectare basis.
Fig. IL1-82. Total meiofauna abundance for two sites (mud and sand) South Carolina supporis a
in North Inlet Estuary (Coull 1985). . .
substantial siargeon fishery.

South Carolina accounted for 55%
of the total US landings in 1976 and Winyah Bay
reporied 93% of total caich im the staie. The aver-
age sturgeon catch (1958-1982) was 20,700 kg car-
cass per year. The estimated value for the total
sturgeon fishery (carcass and caviar) in 1982 was
$177.286 (Smithetal. 1984). A number of offshore
species were caught in the Atlantic Ocean within 5
km of Winyah Bay. These commercial and recrea-
tional species include: flounders, king fish, blue-

Winyah Bay has a limited commercial
fishery, including shad, river herring, stur-
geon, shrimp, and blue crab (Table I1I-
24; Conservation Foundation 1980). The
bay was closed to shellfishing (oysters
and clams) due to elevated fecal colif-
orm counts (SCDHEC). Recreational
fishing activities were low lo moderate,
with emphasis on red drum, flounder,
sea trout, tarpon, sheepshead, and striped
bass. The blue crab and shrimp indus-
tries im Winyah Bay were minor, ac-
counting for less than 5% (blue crabs)
and 10% (shrimps) of the state harvest
{Bishop and Shealy 1977 Theiling 1977;

1970

Fig. llI-83. Long-term trends in commercial landings of shad in
Georgetown, SC, based on fish caughtin Winyah Bay and 0-4.8 km
offshore from Winyah Bay (SCWMRD unpublished data).
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Table 111.24. Fishery resources in Winyah Bay (Conservation Foundation 1980).

Anadromous Fishes Commercial Estuarine Inveriebrates
Shad (Alosa spp.) Blue crah (Callinectes sapidus)
River heming (Alosa aestivalis) White shrimp (Penaeus setiferus)
Sturgeon (Acipenser oxyrphynchus) Pink shrimp (Penaeus ducrarum)
Striped bass (Morone saxatilis) Brown shrimp (Penaeus aztecus)
Qysters (Crassostrea virginica)
Freshwater Fishes Hard clams (Mercenaria mercenaria)
Largemouth bass (Micropierus salmoides) Offshore Pelagic Fishes
Bluegill (Lepomis macrochirus)
Redbreast sunfish (Lepomis auritis) Spanish mackerel (Scomberomorus maculatus)
Warmouth (Lepomis gulosus) King mackerel (Scomberomorus cavella)
Dulphin (Coryphaena hippurus)
Inshore Fishes Sharks (Carcharhinus spp. Galeocerdo cuvieri,
Sphyrna sp.)
Sca trouts (Cynoscion nebulosus, Bluefish (Pomatomus saitatrix)
C. regalis) Jacks (Caranx spp., Seriola spp.)
Black drum (Pogonias cromis) Wahoo (Acanthocybium solandert)
Whiting (Menticirrhus americanus, Tunas (Euthynnus spp., Thunnus spp.)
M._litoralis, M. saxatillis) Barracuda (Sphyraena barracuda)
Channel bass {Scigenops acellata) Cobia (Rachycentron canadum)
Spot (Leoisiomus xanthurus) Sailfish (Istiophorus platypterus)
Sheephead (Archosargus probatocephalis) Marlins (Makaira nigrican, Tetrapiurus albidus)
Croaker (Micropogon undulatus)
Pigfish (Qrthopristis chrysopiera) Offshore Demersat Fishes
Flounder (Paralichthys lethostigma,
P. dentarus) Black sea bass (Centropristis striata)
Silver perch (Bairdielia chrysura) Snappers (Lutjanus spp.. Rhomboplites
Tarpon (Megalops atlantica) aurorubens)
Pompano (Trachinotus carolinus) Porgics (Calamus spp., Pagrus sedecim,
Cobia (Rachycentron canadim) Stenotomus spp.)
Bluclish (Pomatomus saltasrix) Grunis (Haemulon aurolineatum, . plumieri)
Spadefish (Chaetodipterus faber) Groupers (Epinephelus spp.. Mycteroperca spp.)
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represent 93% of the state’s stur-
geon caich. These daia have heen

3000

Sratewicde (Joa x 1000)

collected since the early 1900's
and reliable data were available
from 1958,

Shagd (Alesa spp.} was an im-
portant commerciaf species in Winyah
Bay (Fig.11i-83). Commercial land-

ings significantly increased over

Winyah Bay (R x 1000}

T

T
1978 1978 1680

0-9.2 km offshore.

Fig. I11-84. Comparison of estimated landings of penaeid shrimp
caught in Winyah Bay and out to 4.8 km offshore versus statewide
landings estimates (SCWMRD unpublished data). Commercial land-
ings estimates represent catches from Capers Inlet to Kiawah Island Landings of penaeid shrimp

Y T r 0 the study period. Reduced land-
ez R4 IS 8 ings were observed from 1973 (o
1977, By 1981 landings were av-

eraging 130,000 kg.

(brown and white) showed little

variation over the study period

fish, croaker, mullet, pompano, spotted sea trout, (Fig. I1I-84). Reliable data were only available for

spot, spanish mackerel, and shrimp. Average an- the late 1970's and mid 1980’s, but by comparing
nual o1al catch (1972-1988) landed at Georgetown these two periods no trend was obvious. Landings
was 423,423 kg at an average annual commercial in Georgetown during 1979 did not follow the state-
value of $800.634 (SCWMRD unpublished data). wide trend; no increased catch was observed. During

There were only two
biological data sets available
for Winyah Bay which pro-
vide sufficient data to assess
long-term trends in fishery re-
sources. One data set in-
cluded commercial landings
of blue crabs, shrimp, and shad
caught in Winyah Bay and off-
shore (0 4.8 km (and landed in
Georgetown) (SCWMRD un-
published data). The second
biological data sei was siur-
pgeon fishery landings for
South Carolina (Smith et al.
1984)}. Georgetown landings

5
:

™

Statewide (s x 1000}
:
EEEEEEEXEE:
Winyah Bay {ibs x 1000]

4000 T
1974 1976 1978 1980

Y T v
1982 1084 1986 g6

Fig. 111-85. Long-term trends in commercial landings of Callinccies
sapidus (blue crab) Georgetown, SC, based on crabs caught in Winyah
Bay and 0-4.8 km offshore from Winyah Bay (SCWMRD unpublished data).
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declined to between 10,000 kg 1w
30,000 kg by the 1930°s. Since 1958

there has been an apparent increase in
sturgeon landings in Winyah Bay (Fig.
111- 86).

Caution should be exercised
when inferring the nawre of fishery

resources from landings data. The

1958 10'50 18685 1870 1975

(Smith ¢t al. 1984).

T

1980

Fig. I11-86. Estimated ex-vessel Atlantic sturgeon reported landings
for South Carolina. Winyah Bay accounts for 93% of these tandings

1688 apparent increase in fishery resource

was the result of increased fishing ef-
fort over the same period (Fig. HI-87).
Smithetal. (1984) calculated thecatch-
per-unit-effort based on number of li-

the mid 1980's 1andings for Winyah Bay were simi-
lar to statewide trends.

Blue crab landings from Winyah Bay were
1ess than 5% of the state catch (Fig, [11-85). Over
the study period there was an increase in blue crab
landings. The blue crab fishery was almost nonexistent
from 1974 until 1978, Landings increased to greater than
S00L000 in 1980 bul had declined

censed nets and reported landings.
They found that the increased catch since 1976 was a
direct reflection of the increased fishing effort and gear
competition.

Incidence of Disease

No data exist to evaluate the incidence of disease
on estuarine fishes, crustaceans and molluscs.

again by 1982, Landings have becn

steadily increasing since then, 80 15

el Catch [
The longest biclogical data set 1 —e— cruE

nvailable for Winysh Bay was the g 60 1 Lo §

Atlantic sturgeon fishery (Smith et o ) [ g

al. 1984). The sturgeon fisherybe- | € > ] 2

gan in Winyah Bay in 1897 when § 404 = =

landings peaked at 218,200kg. Inthe S 20 _ : S

carly 1900's a large decline in land- ] :

ings resulted in the closure of the 29,9-72 1974 ) 19'75 ) 19!.«'3 ' 19:30 ) 19:32 ’

sturgeon fishery from 1917 1o 1919,
However, fishing continued during
this period and by 1918 landings had
been reduced 10 58,000 kg. Landings

Fig. I11-87. Catch-per-unit-effort (CPUE) data for Atlantic sturgeon
calculated from total number of licensed nets and reported landings
(Smith et al. 1984),
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Table IT1-25, Status of shellfish areas in the Winyah Bay and North Inlet estuaries as January 1, 1986 (Newell 1985),

Wawerbody Acres Status

Notth Inlet 1414 Approved

North Inlet adjacent to Mud Bay 881 Restricted

North Inlet intermediate area 292 Conditional

Oyster Bay 612 Restricied

Sampit River 2,118 Prohibited

Winyah Bay and Mud Bay 12,310 Restricted

Human Health Implications A similar assessment was conducted in 1986

which determined that conditions in the lower

harbor were not “grossly polloied.” Area 5 was
Closures of Shellfish Areas and ETOSSIY P

Restrictions on Recreation

Waters were closed to shellfish-
ing in September 1974 dueto indications
of “gross poliution” (SCDHEC 1976;
Brooks et al. 1977), The area closed to
shellfishing included the Pee Dee and

Waccamaw rivers 1.5 km above the
US Highway 17 bridges, the Sampit
River approximately 3 km up river,
Winyah Bay, the Intracoastal Water-
way, and parts of several small creeks
in North Inlet adjacent to Winyah Bay
(Fig. I11.88).

In 1976 an appraisal of Winyah

Bay Estvary and North Inlet Estuary
(both included in the Arca 5 designa-
tion - SCDHEC) was conducted, which

resulicd in subdividing the area into

prohibited, restricted, and approved

for portions of North Inlet Estuary
(Fig. I11-88) (Newell 1985). No com-

mercial harvesting of shellfish was
allowed in Area S. Fig. I11-88. Shelifish closure classifications for Winyah Bay Estuary.
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reclassified. Within North Inlet Es-
tuary (Fig. [{1-89) three areas weie
delineated: the Mud Bay area adja-
centl wp Winyah Bay as festricted;
an interface zone delineated as con-
ditionally restricted; and most of
North Enlet Estuary as approved
{(Newelt 1985). Recrcational har-
vesting of clams of oyslers was re-
stricted scasonally and allowed only
in approved arcas or in restricted
arcas for depuration or relaying.
Harvesting wasallowed during sea-
SOR in condilional areas except
when rainfall of > 6.62 cm occurred
within a 72-hour period or when
prevaiting S-SW winds and high
river flow caused intrusions of fresh
watcr intw the interface zone. Table
I11-25 conlains the status of shell-
fish areas in Winyah Bay Estuary
and North Inlet Estuary as of Janu-
ary 1986,

Atlantic Qcean

Fig. I11-89. Shellfish closure classifications for North Inlet Estuary.
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Appendix L. North Inlet Estuary Compiled Species List

Phytoplankton (Hall 1979)

() are numbers of differcat species identified

Achnanthes haukiana
Achnanthes fimbriata
Achnanthes sp.
Actinocyclus ehrenbergii
Actinoptypchus undulatus
Amphora granulata
Amphora spp. (6)
Anorthonets tenwis
Asteromphalus hookeri
Asterionella glacialis
Bacteriastrum hyalinum
Bacteriastrum varians
Biddulphia aurita
Biddulphia longicruris
Biddulphia mobiliensis
Biddulphia regina
Biddulphia sinensis
Biddulphia tridens
Caloneis oregonica
Campylosira cymbelliformis
Ceratium furca
Chaetoceros didymus
Chaetoceros spp. (3)
Cocconeis disculpides
Cocconeis placentula var. lineata
Cocconeis scutellum
Cocconeis spp. (6)
Coscinodiscus asteromphalus
Coscinodiscus curvatulus
Coscinodiscus excentricus
Coscinodiscus lineatus
Coscinodiscus marginatus
Coscinodiscus ritidus
Coscinodiscus perforatus
Coscinodiscus radiatus
Coscinodiscus spp. (9)
Cyclotella siriata
Cylindrotheca closterium
Cymatosira belgica
Clorenziana

Cymbella sp.

Denticula subtilis
Dictyocha fibula

Dimerogramma fulvum
Dimerogramma minor
Dimerogramma spp. (2)
Dinophysis homuculus
Diploneis bombus
Diploneis interrupta
Diploneis smithii
Dripioneis spp. (4)
Diplopsalis sp.
Eunotogramma laevis
Grammatophora marina
Gymnodinium spp. (9)
Gyrodinium sp.
(Gyrosigma acwrunalum
Gyrosigma balticum
Gyrosigma fasciola
Gyrosigma humti
Gyrosigma peisonss
Gyrosigma sp.
Hyalodiscus subtilis
Hantzschia sp.
Licmorpha sp.
Maswogloia sp.
Melosira mummuloides
Melosira sulcata
Navicula abunda
Navicula agrite
Navicula arenaria
Navicula cancellata
Navicula clavata
Navicula clementis
Navicula crucicula
Navicula diversestriaia
Navicula fromenierae
Navicula irrorala
Navicula longa
Navicula piatyveniris
Navicula subforcipata
Navicula tuscula
Navicula spp. (22)
Nitzschiag compressa
Nitzschia constricta
Nitzschia fasiculata
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Nitzschia hummii
Mitzschia pacifica
MNirzschia panduriformis
MNitz2schia procera
Nitzschia seriata
Niraschia sigma

Nirzschia spp. (22)

Naked Magellate (3)
Oxytoxum sp.

Peridinium oceanicum
Peridinium trochodium
Peridinium tuba
Peridinium spp.(4)
Plagiogramma rhombicum
Plagiogramma van Heurckii
Plagiogramma wallianchium
Plagingramma sp.
Pleurosigma aestuarii

P levrasigma ausirale
Pleurosigma marium
Plewosigma naviculaceum

Pleurosigma normanii
Plewrosigma sp.
Prorocentrum micans
Prorocentrum minimum
Rhaphoneis amphiceros
Rhaphoneis surireila
Rhizosolenia alata
Rhizosolenia bergonii
Rhizosolenia calcaravis
Rhizosolenia dilicatula
Rhirosolenia fragilissima
Rhizosolenia imbricata
Rhizasolenia setigera
Rhizosolenia stolterforthii
Skeletonema costatum
Stephanopyxis turris
Swurirella sp.

Synedra sp.
Thalassiothrix longissima
Trachyneis aspera
Triceratium alternans

Macroaligae (Ebling 1982)

Enteromorpha sp.
Fnieromorpha siliculosus
L/ivalactuca

Bryopsis plumosa
Forphyra leucosticia

G racilaria folifera

C hondria baileyana

Fishes, Shrimps and Crabs  (Ogbum et al. 1987)

Carcharhinidae - requiem sharks
Rhizoprionodon terraenovae - Atlantic
sharpnose shark
Rajidae - skates
Raja eglanteria - cleamose skate
Dxasyatidac - stingrays
Dasyaris americana - southem stingray
Dasyatis sabina - Allantic stingray
Dasyatis sayt - bluntnose stingray
ymnura micrura - smooth buticrfly ray
Clupeidae - herrings
Alosa aestivatis - blueback herrin B
Brevoortia tyrannus - Atlantic menhaden

Ceramium sp.

Grinellia americana
Dasya pedicellata
Polysiponia denudata
Monostroma oxyspermum
Giffordia mitchellae
Sytosiphon lomentaria

Dorosoma cepedianum - gizzard shad

Dorasoma petenense - threadfin shad

Sardinella aurita - Spanish sarding
Engraulidae - anchovies

Anchoa hepsetus - striped anchovy

Anchoa mitchilli - bay anchovy
Synodontidae - lizardfishes

Synodus foetens - inshore lizardfish
Arniidae - sea catfishes

Arius felis - hardhead catlish
Batrachoididae - toadfishes

Opsanus tau - oyster toadfish
Gobiesocidae - clingfishes
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Fishes, Shrimps, and Crabs - continued

Gabigsox strumosus - skilletfish

Gadidae - codfishes

Urophycis floridana - southern. hake

Urophycis regia - spotted hake
Ophidiidae - cuskfishes

Ophidion marginatum - striped cusk-eel
Belonidae - needlelishes

Strongylura marina - Atlantic needlefish
Cyprinodontidae - killifishes

Fundulus heteroclitus - mummichog

Fundulus majalis - striped killifish
Atherinidae - silversides

Membras martinica - rough silverside

Menidia beryllina - inland silverside

Menidia menidia - Atlantic silverside
Syngnathidae - pipefishes

Hippocampus erectus - lined seahorse

Syngnathus floridae - dusky pipefish

Syngnathus fuscus - northern pipefish

Syngnathus louisiange - chain pipefish

Syngnathus spp.- pipefish
Percichthyidae - temperate basses

Morone americana - white perch
Serranidae - sea basses

Centropristis philadelphica - rock sea bass

Centropristis striata - black sea bass

Epinephelus morio - red grouper

Mycteroperca microlepis - gag
Pomatomidae - bluefishes

Pomatomus saltarrix - bluelish
Rachycentridae - cobias

Rachycentron canadum - cobia
Carangidae - jacks

Caranx hippos - crevalle jack

Caranx latus - horse-eye jack

Chloroscombrus chrysurus - Atlantic bumper

Selene vomer - lookdown

Trachinotus carolinus - Florida pompano

Trachinotus falcarus - permit
Lutjanidae - snappers

Lutjanus analis - muiton snapper

Lutjanus griseus - gray snapper

Lutjanus synagris - lane snapper
Gerreidae - mojarras

Diapterus auratus - Insh pompano

Eucinostomus argenteus - spotfin mojarra

Eucinostomus gula - silver jenny
Haemulidae - grunts

Orthopristis chrysoptera - pigfish
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Sparidae - porgies
Lagodon rhomboides - pin{ish
Sciacnidac - drums
Bairdielia chrysoura - silver perch
Cynascion nebulosus - spotted scatrout
Cynoscion regalis - weakfish
Leiostormus xanthurus - spol
Mensicirrhus americanus - southern kingfish
Menrticirrhus saxatilis - northern kingfish
Micropogonias undulatus - Alantic croaker
Steliifer lanceolatus - siar drum
Ephippidae - spadefishes
Chaetodipterus faber - Allantic spadefish
Mugilidae - mullets
Mugil cephalus - striped mulict
Mugil curema - white mullet
Sphyracnidae - barracudas
Sphyraena borealis - northern sennet
Uranoscapidae - slargazers
Astroscopus putatus - northem slargazer
Astroscopus y-graecum - southem stargazer
Blenniidae - combtonth blennies
Hypleurochilus geminatus - cresied blenny
Hypsoblennius henizi - feather blenny
Gobiidae - gobies
Gobionellus boleosoma - darter goby
Gobiosorna bosci - naked goby
Gobiosoma ginsburgi - seaboard goby
Trichiuridae - cutlassfishes
Trichiurus lepnirus - Adantic cutiassfish
Scombridae - mackerels
Scomberomorus maculanis - Spanish mackere
Stromateidae - butterfishes
Peprilus alepidotus - harvestlish
Scorpaenidae - scorpionfishes
Scorpaena brasiliensis - barbfish
Triglidae - searobins
Prionotus carolinus - northern scarobin
Prionous evolans - siriped searobin
Prionotus scitulus - leopard searobin
Prionotus tribulus - bighead searobin
Prionctus spp.
Bothidae - lefteye ficunders
Ancyiopsetta quadrocellata - ocellatedflound
Citharichthys macrops - spoued whiff
Citharichthys spilopterus - bay whiff
Etropus crossotus - fringed ftounder
Paralichthys albigurta - gulf Mounder
Paralichthys dentatus - summer {lounder
Paralichthys lethostigma - southern {lounder
Scophthalmus equasus - windowpane



Soleidae - soles

Trinectes maculatus - hogchoaker
Cynoglossidae - 1onguefishes

Symphurus plagiusa - blackcheek tonguefish
Batistidae - leatherjackets

Aluterus schoepft - orange filefish

Monacanthus hispidus - planehead filefish
Tetraodontidae - puffers

Lolliguncula brevis - shonfin squid

Squitlidae - mantis shrimps

Squitla empusa - mantis shrimp

Penaeidae - penacid shrimps

Penaeus aztecus - brown shrimp
Penaeus duorarum - pink shrimp
Penaeus setiferus - white shrimp
Trachypenaeus constrictus - roughneck shrimp

Lagocephalius laevigatus - smooth puffer
Sphoeroides maculatus - northem puffer
Sphoeroides spengleri - bandiail puffer

Portunidae - swimming crabs
Ovalipes ocellatus - lady crab

Callinectes spp. - blue, lesser blue, shelligs

Diodontidae - porcupinefishes ceab
Chilomycterus schoepft - striped burrfish Portunus gibbesii
Loliginidae - inshore squids Portunus spinimanus
Macrobenthic Species - Mud Substate Site
Polychaetes Glyceridae
Glycera americana
Peclinaridae Glycera dibranchiaia
Cistena gouldii Glycera capitata
Arabellidac Gllycera sp.
Arabella iricolor Goniadidae
Drilonerisis longa Glycinde normanni
D magna G. solitaria
Notocirris spiniferus Phyllodocidae
Capitellidae Phyllocidae groenlandica
Amastigo caperatus Phyllocidaemucosa
Mediomastus ambisela Phyllocidae sp.
Heteromastus filiformis Pilargidae
Notomasius americanus Sigambra bassi
Notomastus latericius S. tentaculata
Capitellidae sp. (2) Polynoidae
Chaclopicridac Lepidonotus sublevis
Mesochaetopterus taylori Sabellidae
Spiockaetopterus costarum Branchioma sp.
Cirrawlidae Sigalionidae
Caulleriella sp. Stenelais boa
Tharyx marioni S. limicola
Tharyx sp. Spionidae
Dorvillcidae Malacoceros vanderhorsti
Dorvillea sociabilis Paraprionospio pinnata
Eunicidae Polydora ligni
Marphysa sanguinea Polydora sp,
Flabelligeridac Polydora sp.]
Pherusa inflata

Piromus eruca
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Polydora sp. 1
Polydora sp. HI
Polydora sp. IV
Prionospio cirrifera
P. cirrabranchiala
P. keterobranchia
Spiophanes bombyx
S. wigleyi
Strehiospio beredicti
Spionidae sp.
Syllidae
Aurolytus sp.
Brania clavaia
Terebellidae
Pista palmata
Polycirrus eximius

Oligochaetes

Hesionidae
Gyptis brevipalpa
Parahesione luteolo
Hesionidae sp. (1)

Lumbrineridac
Lumbrineris coccinea
L. impatiens
L. tenuis
L. sp.

Magelonidae
Magelora papillicornis
M. physillae
M. sp.

Maldanidac
Axiothella mucosa
Clymenalla torquata

Nephtyidae
Aglaophamus verrilli
Nephtys picta

Nereidae
Nereis lameliosa
N. succinea

Onuphidae
Diopatra cuprea
Onuphis cremita

Ophelidae
Armandia maculata

Orbinidae
Haploscolopios fragilis
H, robustus
Scoloplos rubra

Oweniidae
Chwenia fusiformis
Palmyridae
Bhawania goodei

Paluenpus heterosela kowalenski

Paraonidae
Aricidea fragilis
Cirrophorus lyriformis
Paraonis fulgens
Phyllodocidae
Eteone heteropoda
Eulalia sanguinea
Phyliodoce arenae

Crustaceans

Amphipods
Isopods

Tanaids

Penacids

Crab megalope
Cumaceans
Ostracods

Shrimp zoeae
Pinnotherids
Calianassa sp.
Pinpixa sp.
Palaemonetes pugio
FPalaemonetes. sp.
Ogyrides timicola
Acetes sp.
Periclimenes sp.

Mollusks
Bivalves

Shelled gastropods
Nudibranchs

Cnidatigns

Hydrozoans
Burrowing ancnomes

fin

Sea cucumbers
Ophiothrix sp.

Nemerncans
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Macrobenthic Specics - Sand Substrale Sites

Eolvchacics

Pectinaridae

Cistena gouldii
Arabellidac

Arabella juveniles
Capitellidac

Amastigo caperatus

Mediomastus ambiseig

Heteromastus filiformis

Notomastus americanus

Notomastus sp.
Chactopicridac

Spiochaetopterus costarum
Cirratulidae

Canlleriella sp.

Tharyx marioni

Caulleriella killarensis

Eunicidae

Unidentified Eunicids
Glyceridae

Glycera americana

G. dibranchiata

G. oxycephala

G. capitata
Goniadidae

Clycinde solitaria

Goniadid sp.
Hesionidae

Podarke obscura
Lumbrineridae

Lumbrineris tenuis
Magelonidae

Hemigchordates

Saccoglossus
Vencbraies

Pisces

Symphurus plagiusa

Myrophis punctais
Gobiosoma bosci

Magelona papillicornis
Magelona physiliae
Magelona rosea
Maldanidae
Axiothella mucosa
Clymenalia torquata
Spionidas
Polydora ligni
Polydora sp.
Polydora sp. 3
Prionospio cirrifera
P.cirrobranchiata
Prionospio dayi
Scolelopes squamata
Spio setosa
Spiophanes bombyx
S. wigleyi
Strebiopspio benedicti
Spionidae sp.
Syllidae
Exogone dispar

Parapionosyllis longicirrata

Terebellidae
Pista palmaia

Oligochactes
Crysiaceans

Amphipods

Isopods
Stomopods
Crab megalope
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Mysids
Ostracads
Calianassa sp.
Pinnixa sp.
Oxyurostylis smithi
Palaemonetes vulgaris
Pagurus longicarpus
Periclimenes 5p.

Mollusks

Bivalves
Shelled gastropoeds
Nudibranchs
Nephtyidae
Aglaophamus verrilli
Nephtys bucera
N.incisa
N. picta
Nereidae
Nereis succinea
Onuphidae
Onuphis jenneri
Q. microcepphala
0. cremita
Ophelidae
Armandia agilis
A rmandiamaculata
A.rmandia sp.
Travisia parva
T ravisia sp.
Orbinidae
Haploscoloplos fragilis
H. robustus
Scoloplos rubra
Scoloplella sp.
Oweniidae
Owenia fusiformis
Paraonidae
Aricidea fragilis

Meiobenthos - Mud Habhitat
Nematodes

Adoncholaimus sp.
Aegialoalaimus sp.
Anoplostoma hirtum
Anoplestoma sublatum
Anticoma spp.
Antomicron sp.

Aricidea fragilis sp. A

Cirrophorus lyriformis

Paraonis fulgens
Phyllodocidae

Eleone heteropoda

Eulalia sp.

Paranaites polynoides

Phyllodoce arenae

P.mucosa

P, panamensis
Pilargidae

Sigambra bassi

S. tentaculaia

Ancistrosyllis carolirensis
Polynoidae

Lepidonotus sublevis
Spionidae

Dispio uncinata

Paraprionospio pinnata

Cridari

Hydrozoans
Renilla reniformes

Echinoderms

Sea cucumbers
Nemeneans
Si lid

Flatworms

Saccoglossus kowalenski

Vengbrales - Pisces
Symphurus plagiusa
Myrophis punctatus

Araeolaimidae spp.
Axonolaimus paraponticus
Axonolaimis spinosus
Axonolaimis Spp-
Baihylaimus sp.

Bobella spp.

Calptonema maxweberi
Ceramonerid Sp.
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Chromadoridae spp.
Cyartonema spp.
Cyatholaimidae spp.
Daptonema erectum
Desmodoridae spp.
Desmodora spp.
Dichromadora geophyla
Dorvigimopsis metatypica
Eleutherolaimus sp.
Enoplidae spp.

Enoplides spp.
Enoplolaimus sp.

Encplus sp.
Eurystominidae spp.
Eurystomina spp.
Gomphionema fetlator
Graphonema sp.
Halichoanolaimus raritensis
Halalaimus cuthemon
Halalaimus longiseiosus
Halalaimus sapeloi
Halalaimus sublatus
Halalaimus spp.
Hypodontolaimidae Spp.
Innocuonema chitwoodi
Laimelia ftlipjevi
Laimella longicaudata
Leptosomatidae sp.
Leptolaimus sp
Linhomoeus ilensis
Linhomoeidae spp.
Longicyatholaimus longicaudatus
Marlynnia spp.
Metachromadora chadleri
Metachromadora merdiana
Metachromadora ohesa
Metachromadora pulchra
Metachromadora remanei
Metachromadora spp.
Microlaimus dimorphus

Microlaimus spp.
Monhystera parva
Monhysteridae spp.
Manoposthia sp.
Metalinhomoeus spp.
Neochromadora spp.
Neotonchus sp.
Oncholaimoides elongatus
Oncholaimoides striatus
Odontophora spp.
Oxystomina affinis
Oxystomina spp.
Paracomesoma spp.
Paratarvaia sp.
Paracanthoncus caecus
Phanodermopsis longisetae
Parodontophora brevamphida
Ptycholaimellus hibernus
Prycholaimellus pandispiculatus
Pareurystomina spp.
Thabdocoma americana
Sabatieria americana
Sabatieria kelleti
Sabatieria hilarula
Sabatieria punctata
Sabatieria sp.
Sphacrolaimus spp.
Spirinia parasitifera
Steineria sp.

Tarvaia sp.

Terschellingia communis
Terschellingia longicaudata
Terschellingia spp.
Theristus miamiensis
Theristus mirabilis
Theristus spp.

Tricoma sp.

Tripyioides gracilis
Viscosia brachylaimoides
Viscosia spp.

Meiobenthos Sand Substrate

Nematodes

Actinonema sp.
Adoncholaimus spp.
Aegialoalaimus sp
Anticoma sp.
Antomicron sp.

Araeolaimidae spp.
Astomonema Jenneri
Axonolaimus paraponticus
Axonolaimus spinosus
Axonolaimus villosus
Axonolaimus spp.
Bathylaimus stenolaimus
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Bathylaimus sp.
Bobella spp.
Culptonema maxweberi
Catanema spp.
Ceramonema sp.

Chromadorita brachypharynx

Chromadoriia sp.
Chaetonema sp.
Choanolaimidae spp.
Chromadoridae Spp.
Cobbia spp.
Comesomatidae Spp.
Cervonema sSp.
Cyatholaimidae Spp.
Cyartonema Spp-
Daptonema erectim
Desmoscolecidae spp.
Desmodora spp.
Dicramphidus seta
Diplopeltinae spp.
Dorylaimopsis metatypica
Enoplides spp.
Eroplolaimus spp.
Enoplidae

Engplus sp.
Euhostrichus sp.
Eurystominidae Spp.
Eurystomina spp.
Gomphionema fellator
Graphonema sp.
Halichoanolgimus sp.
Halalaimus cuthemon
Halalaimus longiselosus
Halalaimus sp.
Hypodoniolaimidae spp.
Ironidae spp.
Latronema sp.
Lauratonema sp.
Leprolaimus sp
Leptsomatidae sp.
Linhomoeus ilensis
Linhomoeidae spp.
Martynnia spp.
Mesacanthion spp.
Metacomesoma spp.
Metachromadora chadleri

Metachromadora meridiana

Metachromadora remanei
Metackromadora spp.
Microlaimus dimorphus
Microlaimus spp.

Metonc holaimus sp.
Monhysteridae spp.
Monoposthia sp.
Metalinhomoeus spp.
Neochromadora spp.
Noffsingeria 5p.
Oncholaimoides siriatus
Oncholaimoides sp.
Oncholaimidae spp.
Odontophora spp-
Oxystomina affinis
Oxystoming paraclavicauda
Oxystomina Spp.
Paracomesoma hexasetosum
Paracomesoma spp.
Paramonhystera mutila
Paratarvaia sp.
Paracyatholaimodes sp.
Paracanthoncus caecus
Pierrickia sp.
Paralinhomoeus sp.
Paramonohsteria wiseri
Pareurysioming sp.
Parodontophora brevamphida
Parapomponema macrospiralis
Pomponema Spp.
Prochromadora sp.
Pselionema sp.
Prycholaimeilus hibernus
Prycholaimellus pandispiculatus
Rhabdocama americana
Rhadinema flexile
Rhyrchonema sp.
Sabatieria americana
Sabatieria aramala
Sabarieria kelleti
Sabatieria hilarula
Sabatieria longisetosa
Sabatieria punctala
Sabatieria spp.

Scaptrella cincta
Selachinematinae sp.
Sphaerolaimus spp.
Spirinia parastifera
Steineria sp.

Synonchiella hopperi
Tarvaia sp.

Terschellingia ongicaudaia
Terscheilingia spp.
Theristus floridensis
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Viscosia brachylaimoides

Theristus miamiensis _
Theristus mirabilis Viscosia Spp.
Theristus spp. Xenella sp.
Tripyloides gracilis Senolaimus sp.
Tripyloides sp. Xyala striatus
Zpoplankon
Copepoda
Calanoida )
Acartia ronsa Copepod nauplii
Centropages hamaius
Centropages typicus Bivalve larvae
Eurytemora affinis
Labidocera aestiva h nath
Parvocalanus crassirosiris
Pseudodiapiomus coronatus nauplij
Temora turbinata
Cyclopoida Cladocera
Corycaeus sp.
Oithona colcarva Coelenlerata
Oithona sp.
Oncaea venusia Crab zocac
Paracyclopina sp.
Saphirella sp. Echinoderm pluteus larvae
Harpacticoida
Alteutha sp. Gastropod larvae
Amphiascopsis cincutus
Clytemennstra rostrata Qikoplewra sp.
Euterpina acutifrons
Metis holothuriae COstracoda
Metis ignea
Mesochra pygmaea Polvchaete larvae
Thalestris gibba
Shoimp zoeae
Copepodids
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Phylum Annelida

Ancistrosyllis jonesi
Diopatra cuprea
Giycera dibranchiata
Giyeinde nordmanni
Hemipodus roseus
Heteromastus filiformis
Hydroides dianthus
Nereis succinea
Qligochaeta
Paraprionospio pinnaia
Polydora ligni
Sabellaria vulgaris
Sigambra tentaculata
Streblospio benedicii

Phylum Anhropoda

Alpheus heterochaelis
Alpheus normanni
Balanus improvisus
Balanus niveus
Callinectes ornatus
Callinectes sapidus
Callinectes similis
Callinecres sp.
Caprellidae
Chiridotea almyra
Chiridotea coeca
Cleantis planicauda
Clibanarius vittatus
Hexpanopeus angustifrons
Libinia emarginata
Lubinia sp.

Lubinia dubia
Macrobrachizm chione
Milita nitida
Mysidopsis bigelowt
Nymphopsis duodorsospinosa
Ovalipes ccellatus
Ovalipes stehpensoni
FPagurus longicarpus
Pagurus pollicaris
Palaemonetes pugio
Palaemonetes sp.
Palaemonetes vulgaris
Panopeus herbstii
Panopeus occidentalis
Penaeus aztecus
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Penaeus duorarum
Penaeus setiferus
Portunus gibbesii
Portunus spinimanus
Rhithropanopeus harrisii
Squilia empusa
Tanysiylum orbiculare
Trachypenaeus constrictus
Xanthidae

Xiphopenaeus kroyeri

Phylum Bryoczoa

Aeverrillia setigera
Alcyonidium polyoum
Alcyonidium hautffi
Anguinella palmata
Antropora leucocypha
Bowerbankia gracilis
Conopetim ienuissinum
Cryptosula pallasiana
Electra monostachys
Hippoporina verrilli
Membranipora arborescens
Membranipora tenuis
Micraporella citiata
Skizoporelia ervata

Phylum Chlorophyta

Ulva lactuca

Phiylum Chordata
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Subphylem Urochordata
Aplidium consieliatum
Aplidium sp.
Ascidiacea A
Clavelina picta
Clavelina sp.
Didemnum candidum
Molgula manhattensis
Molgula occidentalis
Styela plicata

Subphylum Venebrata
Acipenser brevirosirum
Acipenser oxyrhynchus
Alosa aestivalis
Alosa sapidissima
Anchoa hepsetus
Anchoa mitchilli
Ancylopseita quadrocellata



Anguilla rostrata
Archosargus probatocephalis
Ariosoma balearicum
Arius felis

Agstroscopus y-graecum
Bagre marinus
Bairdieiia chrysura
Brevoortia tyrannus
Centropomus sp.
Centropristis philadelphica
Centropristis striata
Chaetodipterus faber
Chilomycterus schoepfi
Chloroscombrus chysurus
Citharichthys macrops
Citharichthys spilopterus
Conger oceanicus
Cynoscion nebulosus
Cynoscion nothus
Cynoscion regalis
Cyprinus carpio
Dasyatis sabina
Dorosoma cepedianum
Dorosoma peienense
Etropus crossotus
Etropus sp.

Gobiesox sturmosus
Gobionellus shufeldti
iiypsoblennius hentz
Hypsoblennius ionthas
Ictalurus catus

Ictaturus nebulosus
Ictalurus platycephalus
Lagodon rhomboides
Larimus fasciatus
Leiostomus xanthurus
Lepisosteus osseus
Lepomis auritus
Lepomis pulosus
Lepomis microlophus
Lepomis punciatus
Lutjanus griseus
Meniicirrhus americanus
Menticirrhus livtoralis
Micropogonias undulatus
Micropierus salmoides
Monacanthus hispidus
Morone americana
Morone chrysops
Maoraone saxatilis

Mugil cephalus
Myrophis punctatus
Ogcocephalus rostellum
Ophidion marginata
Ophidion marginatum
Opsanus lau
Paralichthys dentatus
Paralichthys lethostigma
Peprilus alepidotus
Peprilus triacanthus
Pogonias cromus
Pomatomus saltatrix
Prionotus carolinus
Prionotus evolans
Prionotus salmonicolor
Prionotus scitulus
Prionotus tribulus
Raja eglanieria
Rhinoptera bonasus
Sciaenops ocellaia
Scophthalmus aquosus
Scorpaera calcarata
Selene setapinnis
Selene vomer
Sphoeroides maculatus
Stetlifer lanceolatus
Stephanolepis hispidus
Symphurus plagiusa
Syngnathus louisianea
Trichiurus lepturus
Trinectes maculatus
Urophycis floridana
Uropyhcis regia

Phylum Cnidaria
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Actiniaria

Actiniaria A

Actinigria B
Actiniaria C
Aglaophenia trifida
Aiptasia eruptaurantia
Astrangia astreifomis
Astrangia astreiformis
Bougainvillia rugosa
Bougainvillia sp.
Bunodosoma cavernata
Calliactis tricolor
Companopsis sp.
Campanuling sp.
Clytia cylindrica
Clytia cylindrica
Clytia fragilis



Clytia kincaidi
Cuspidelia humilis
Diadumene leucolena
Epizoanthus americanus
Eudendrium sp.
Eudendrium sp.
Garveia franciscana
Halecium sp.
Hydractinia echinata
Leptogorgia virgulala
Obelia bidentata
Obelia dichotoma
Pandeidae (undet.)
Paranthis rapiformis
Plumularia floridana
Renilla reniformis
Scyphozoa (undet.)
Sertularia stookeyi
Stomolophus meleagris (polyp)
Tamoya haplorema
Telesto fruticulosa
Tubularia crocea
Tubulariidae A
Turritopsis nuiricula
Phylum Ctenophora
Ctenophora (undet.)
Phylum Echinodermata
Asterias forbesi
Astropecten duplicatus
Mellita quinquesperforata
Ophiuraidea (undet.)
Phylum Entoprocta
Barentsia laxa
Loxosomella sp.
Phylum Mollusca
Anadara ovalis

Brachidontes exustus
Busycon caraliculatum
Crassostrea virginica
Doridella sp.
Hiatella arcrica
Macoma balthica
Mariesia cunciformis
Mercenaria mercenaria
Mulinia lateralis
Mytilidae (undet.)
Ostrea equestris
Petricola pholadifomis
Polinices duplicatus
Sinum perspectivum
Tellina versicolor
Urosalpinx cinerea
Phylum Phaeophyta
Sargassum natans
Phylum Platyhelminthes
Srylochus ellipticus
Phylum Porifera
Cliona sp.
Endectyon tenax
Haliclona sp.
Homaxinella rudis
freinia campana
Pedicellinag cernua
Tenaciella obliqua
Phylum Rhodophyta
Rhodymenia pseudopalamata
Arenaeus cribrarius
Hepatus epheliticus
Loliguncula brevis
Menippe mercenaria
Neopanope sayi
Persephona mediterranea
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