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Preface

The Newport River Estuarine System
(NRES) is a relatively small, shallow, coastal
plains estuary located near the center of the
North Carotina coast south of Cape Lookout. Its
national and intemational reputation as a site for
marine research is the result of the close proxim-
ity of four major research organizations. These
are the National Marine Fisheries Service
{NMFS) Laboratory, the North Carolina Division
of Marine Fisheries, the Duke University Marine
Laboratory (DUML), and the University of
Narth Canolina Institute of Marine Sciences.
Many scientists are engaged in research at these
facilities, and most of them make some use of
the NRES, if only to supply organisms or seawa-
ter for laboratory experiments.

This report is a swnmary of what is known
about the Newport System, Carterel County,
North Carolina, based upon publications cover-
ing 125 years of scientific inquiry. The report is
a technical publication designed to provide back-
ground information (o scientists, students and in-
teresied laymen and w provide the 1echnical ba-
sis for understanding the impacts of human ac-
tivities in and around this estuary. Much infor-
mation used in this report comes from unpub-
lished sources, such as doctoral and masiers de-
gree dissertations and technical reports o gov-
emment agencies. Few scientific journals are
intzrested in publishing detailed site specific ob-
servations because few scientists find sach mate-
rial useful in their research, Furthermore, most
scientists working in the NRES or any other area
are interested in generalizing their research find-
ings in an effort 10 answer larger questions. Thus
much of the data reporied in journals tends to be
condensed. However, unabridged data is often
invaluable when site specific questions or prob-
lems arise. The effort is made here 1w preserve
this information.

There are several problems with referencing
unpublished sources, not the least of which is the
availability of these as primary literature sources.
This is especially a problem with one widely
used source for information here, the annuat re-
ports of the National Marine Fisheries Service
Labowatory, Beanfort, N.C. (1961-1982). These
papers were written as progress reports of ongo-
ing research and were not designed 1 be primary
literahmre sources; they carry the caveat on their
title page “For Administrative Use Only.” Al-
though many of the papers in these reports have
been published clsewhere, there are cases where
this is not so or where interesting details have
been obscured by summarizing the original data,
In an effort to avoid the loss of valuable informa-
tion, these data have been included here where
necessary, even though the original reference

may be difficult o find. Readers will have 0
make their own judgment as 1o whether or not
such data are useful.

The report presented here relies primarily
upon work published up through 1980. Several
more recent publications have been added where
they have been brought Lo the atiention of the au-
thor. As a result of this project, a detailed bibli-
ography of aver 1400 refercnces dating 1860 10
1980 has been assembled and is availabie from
the Natural History Resource Center of the Duke
University Marine Laboraiory.
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Summary &
Recommen-
dations

The Newpor River Estuarine Sysiem
{NRES), a small shallow coastal plain eswary, is
located in central eastern North Carolina just
south of Cape Lookout. The system is tripartite
consisting of the Newpor River estuary proper,
Back Sound/North River estuary to the cast and
Bogue Sound (a lagoon) to the west. All share a
common opening (o the sea, Beanfort Inlet. Al-
though physically small, the system has reccived
considerable atiention because of more than 100
years of scientific rescarch. This research is pri-
marily the product of work done at four marine
science boratories: The National Marine Fish-
erics Service, the N.C. Division of Marine Fisher-
ies, Duke University Marine Laboratory and the
University of Nosth Carcling Instiue of Marine
Sciences. No single research project has al-
temptad 0 describe either the physical/chemical
environment or the biology of the entire system.
But rather the numerous projects have been sepa-
rated by subject matter, time and/or space within
the system. Much of the research has used the
NRES as a place to conduct reszarch and has not
addressed the specific character of the sysiem.

This report synthesizes what is known of the
physical and chemical nature of the NRES. In the
process of preparing this paper an exlensive bibli-
ography of approximately 1,400 papers was as-
sembled, From those selected, approximately
1,400 that dealt with the physical/chemical envi-
ronment or the field biology of organisms or eco-
logical systems of the NRES. A computerized
bibliography of these references is available from
the Namral History Resource Center of the Duke
University Marine Laboratory. Of the approxi-
mately 800 references 116 have been used heve w0
discuss the physical and chemical characleriza-
tion of the NRES.

The NRES is a relatively small estuary with
a total area of approximately 163 km? (63 mi%)
draining a tand area of 595 km?(230mi’). Geol-
ogically the system consists of an unconsolidated
mixmre of sand, silt and clay with oyster reefs
providing the only natural hard substrate. The
NRES is very shallow with an average depth of 1
m (3.3 ft), a maximum depth in natural channcls
of approximately 6 m (20 f1) and a depth in
dredged channels up 10 12m (40 fi). The middle
and upper portions of the csarine sysiem are
relatively flat with depths of 160 2m (3-6fi} at
low ride. In the upper reaches in the rivers and
streams, water depths of up 104 m (12 ft) are en-
countered. Numerous marshes and intertidal
shoals are common in the lower eswmary and along
the edges of the upper estuary. Detaiied and ac-
curate mapping of the location and aerial extent
of the marine habitats, especially the salt marshes,
intertidal shoals and open water has not been

done. Historical acrial photography (1340-pres-
em)shou]dbeusedtopmvidcdmjledmpsand
quantify changes in the sysicm that may be nanu-
ral and man-made. Such mapping should include
changesinlnnduseinmc;nstl(nymthal
might have an Impact upon the natural system.

Hydrography of the NRES is controlled by
semi-diurnal tides of approximaicly 1 m (3 ft)
height. The time and height of the tides decrease
,su.cﬁdewavemovnsupstrwn&mnmemomh
{0 the headwater of the system. Currents are

in the channels near the inlet, decrease in
meslmllowccnnlswﬁmandmumseaainin
the narTow riverine headwaters. It has been esti-
nmedmalam'oﬂmalclyﬂpawlofmetoial
highddevolmmofﬂwwmmesmmdwtof
ﬂleemmyudmachﬁdc.TMsymnismaﬂy
vertically homogenous and well mixed except in
the riverine headwaters where fresh surface water
frequently overlies more saline bottom water.
Residence time of the water depends upon the
rate of freshwater inflow coupled with wind- and
tide-induced mixing. For water entering at the
nammows, the average flushing time through the
estuary o Beaufort Inket has been estimated to be
approximaiely 12 tidal cycles or six days. Dis-
crepancies exist in estimates of total volume and
intertidal volume of the NRES. An accurate de-
scription of water volume and mixing dynamics,
under different wind and tidal regimes, is needed
10 adequately describe nahural biological proc-
esses and human impacts. In addition, the history
of dredging activities in the NRES has not been
written and a detailed investigation of how dredg-
ing may have influenced the physical and chemi-
cal characteristics of the NRES has not been
done. These remain primary rescarch needs for
our understanding of how the estuary functions.

Walter iemperanures in the NRES vary with
air temperangre on a seasonal basis reaching a
mean minimum temperature of approximately 5
C (40F) in late January and early February and 2
mean maximum of approximately 3 C(86 F) in
late July and earty August. During the spring and
fall rapid shifisof 5C w0 10C(8 Fin 18 F)can
occur, Pattemns in daily, seasonal and annual wa-
1 iemperature in the NRES arc well known and
require no additional study.

Salinity is highly variable in the upper estu-
ary where it is frequently 0 ppt foliowing heavy
rains or wet periods and more than 36 pp during
droughts. Rapid changes of 20 ppt in one hour
are possible. In the lower estuary, sulinitics are
hig_lwrandlcssvaﬁablc.wmchingmw
salinities (34 ppt). Afany one place, tides com-
monly cause changes of 3 1o 5 ppt. Salinities in
Bogue Sound are higher and less variable than
those in the Newport River Estuary. Salinities are



influenced by local rainfall and rate of evapora-
tion and transpiration in surrourkling marshes.
Annual rainfall is equally distributed throughout
the year with no pronounced wet or dry season.
However lower lemperaures reduce evaporation
and manspiration, so that salinities are generalty
lower in the wintez/spring compared with the
summex/fall. The importance of salinity in deter-
mining the biological naure of the various parts
of the NRES is obvious. Any hydrographic study
should include descriptions of salinity. Specifi-
cally nceded is a description of how watershed
development and the presence of the dredged
channel through Beaufort Inlet influence tempo-
ral and spatial patterns of salinity throughout the
NRES. In addition, a stream discharge monitor-
ing station should be placed in the headwaters of
the Newport River.

Dissolved oxygen is generally at or near
sataration due 1o tidal and wind mixing. Some
low oxygen values occur in bottom water or pro-
tected embayments during the summer. Dis-
solved oxygen should be a concern in assessing
further watershed development, especially in ar-
cas of restricted circulation during summer.
However, no additional studies of dissolved oxy-
gen are needed except as may relate (o specific
guestions.

The pH of NRES waters is generally 8 1082
except in the low salinity sections where pH var-
ics between 6 and 7. No additonal studies of pH
are needed 1o understand pH values in the NRES.

Light penetration in the NRES is low, gener-
ally between t w0 2m (3-6 ft). Itis greatly influ-
enced by wind-genceraled wave resuspensions of
silts and by phytoplankton. Clearest periods are
in Late fall and carly winter, Minimum values are
common in the shallow upper estuarine areas
with increasing transparency upstream into fresh
water and in the Jower estuary near the inlet. At
any one place the water is usually much clearer at
high tide than at low tide. Due to deepening
channels or increasing suspended sediments, de-
creases in Light penetration influence primary pro-
duction and thus should be an important pert of
assessing environmental impacts of any new ac-
tivities within the NRES and its adjacent drainage
basin.

Botiom sediments in the NRES are generally
sand and shell fragments in the lower estuary and
varying mixtures of silt, clay and sand in the up-
per eswary. Organic content is inversely related
0 mean grain size. More protected areas gener-
ally have finer sediments. Sedimentation rates
are similar 10 other East Coast estuaries with rates
of 3104 mm/year (0.12- 0.16 inyr). Sedimenta-
tion rates are higher in eclgrass beds and marshes.
Dredging dramatically increases rates of sedi-

10

mentation in areas nearby. Additional suadies of
sediments of the Newpor River and North River
are not noeded except as they are related o spe-
cific local questions. A detailed study of the sedi-
ments on Bogue Sound is needed.

Extensive investigations of trace metals have
resulted in a wealth of data for distribution and
cycling of the elements in water, sediments and
arganisms. These data are the results of stdies
by the National Marine Fisheries Laboratory that
have been aimed at understanding the behavior of
trace medals in all estuaries. These studies will
continue to provide data on trace metal cycles in
the NRES.

Inorganic plant nutrients (N and P) are gen-
erally low in abundanc. But the system has mod-
erate productivity so that recycling is probably
important and rapid. Major inputs of putrients are
river, rainfall and nmoff from adjacent land. As
with most estuarics, the NRES is slighily nitrogen
limited in terms of primary productivity. An as-
sessment of the impacts of additional nutrient
toading of the NRES is needed. Such an assess-
ment should describe how development may
have changed nutrients in the past as well as look-
ing toward the effects of increased development
in the future, Recent publications from a National
Science Foundation project at the Duke Univer-
sity Marine Laboratory promise 1o answer a num-
ber of questions concerning numient cycling in
the NRES.

In summary the major gaps in our knowledge
of the physical nature of the NRES are (1) the
lack of detailed habitat mapping with a historical
perspective and (2) an extremely limited undee-
standing of the hydrography of the system, espe-
ciatly with regards 1o wind and tide effects on wa-
ter movements. This knowledge is particularly
needed (o assess impacts of land development,
population growth and industrial expansion in the
watershed.



History of
Scientific
Research

The following brief account of the history of
scientific research in the NRES is excerpted from
an unpublished manuscript by Dr. and Mrs. LE.
Gray, both deceased. 1t was writien with the
help of their daughier Sally Gray.

The history of published research in the
NRES began more than a century ago with a
short publication by William Stimpson (1860}
entitled “A Trip to Beaufort, N.C.” He described
collections of mollusks and decapods that he and
Theodaore Gill gathered during March of that
year. These two scicntists were interested in
adding to the coliections of the Smithsonian In-
stitution from a region of (he coast known (o be
strongly influenced by the Gulf Stream. In the
18705, a series of five publications written by
two medical doctors serving a1 FL Macon de-
scribed the temrestrial and aquatic fauna of the
NRES area (Coues 1871a,b; Yarrow 1877;
Coues and Yarrow 1878ab). Also during the
1870s, two famous ichthyologists, David Siarr
Jordan and Charies H. Gilbert, worked in the
area and published rwo papers on the fishes of
Beaufort Harbor (Jordan and Gilbert 1879, Jor-
dan 1886).

Probably because of the geographical loca-
tion and accessibility of marine habitats, the Ma-
rine Laboratory of Johns Hopkins University was
established in Beaufort in the summer of 1880.
The new laboratory led 10 a dramatic increase in
the number of publications based upon research
done in the NRES. Between 1880 and 1886,
William Keith Brooks, his associates and stu-
dents worked out of a large rented house located
at what was then the extreme eastem end of
Beaufort. The results of these investigations ap-
peared in “Snudies from the Biological Labora-
tory of the Johns Hopkins University” and in the
Johins Hopkins University Circular. All the pa-
pers were pablished in 1887 under the tide
“Notes on the Fauna of Beaufort, N.C." Al-
though the lahoratory did not remain continu-
ously at Beaufort after 1886, scientists from
Johns Hopkins continued 10 work in this area
unti! the mid-twentieth century.

In addition to the interest created by the ba-
sic research activities in the NRES, the impor-
tance of fisheries resources in Carteret County
aided in the establishment of a laharatory by the
US. Fish Commission. Based upon information
from the N.C. Geological Survey (a stale organi-
zation that direcied scientific projects on the
coast), in 1899 North Carolina fisheries weare
twice &S importan! in number of people em-
ployed and valuc of products as all other South
Atlantic states combined. Carieret County was
the most importani county in the state. Because
of this cornmercial importance, state geclogist

H

Joseph Austin Holmes asked the U.S. Fish
Commission, headed by George M. Bowers, o
establich a research station. In 1899 a U.S. Fish-
crics Laboratory was authorized, the second such
laboratory in the United States. Henry Van Pe-
ters Wilson was appointed as director. Wilson, a
Johns Hopkins scientist who was teaching at the
University of North Carolina, had worked in
Beaufortin 1886 and was familiar with the area.
In Wilson’s own words:

“Some nine miles from Beaufort Inlet the
coastline makes a sharp right-angled bend,
with Cape Lookout a1 the angle. From the
end of the cape 2 narrow lineof shoals ex
iends much farther out. The cape and its
submerged continuation form a wall, as it
were, reaching seaward for fiftieen miles.
Cape Lookout itself is so shaped as o em
brace a bay, 3 quiet and beautiful sheet of
water, Lookout Bight The coast configura
tion thus forms a remarkable natural trap
into which fish, migrating nocthwards, fall.
1t is doubtful whether a better place can be
found anywhere on our coast for the carry
ing out of observations on oceanic species
and on bay and river species during the oce
anic period of their life.”

The first scientists associated with the newly
anthorized laboralory worked from a rented
building in the summer of 1899. From Johns
Hoopkins came such well-known scientists as
William K. Brooks, William C. Coker, Gilman
A.Drew, Caswell Grave and D.S. Johnson. In
addition, Robert E. Coker from the Goldsboro
public schools, John Irving Hamaker from Trin-
ity College in Durham and E.B. Wilson from
Columbia University joined the group. In 1901,
Winierton C. Curtis from the University of Mis-
souri and Thomas Hunt Morgan from Bryn
Mawr College were also present.

In May of 1900, the U.S. Congress author-
ized construction of a building 10 house the Fish-
eries Laboratory. This was compleied in 1902
on Pivers Island across the bay from Beaufort.
Caswell Grave was then in charge of the facility.
The U.S. Fisheries Labaratory was established o
provide scientific data used in development of
commercial fisheries. The most important lines
of carly research were concerned with oyster and
diamondback terrapin culture. Robert E. Coker,
who later founded the University of North Caro-
lina Labaratory in Morehead City, served as cus-
todian of the Fisherics Laboratory from 1902
through 1904, He received his Ph.D. degree from
Johns Hopkins University in 1906 and worked
with the US. Bureau of Fisheries until 1923
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when he joined the faculty of the University of
North Carolina in Chapel Hill as professor
of zoology.

A second laboraiory located in Morehead
City bouses the Narth Carolina Division of Ma-
rinc Fisheries. Their began in 1915
with the establishment of the North Carolina
Fisheries Commission Board. In 1927, the Divi-
sion of Commercial Fisherics was established,
and in 1964 the research and development sec-
Gon was staried. James T. Brown and Edward
G. McCoy were the first biologists in this sec-
tion. Rescarch at the Division of Marine Fisher-
ies is centered around stdies that support the
development and regulation of commercial and
spmsﬁslmiesg:eciﬁcmthCamlim

The Duke Univessity Marine Laboratory
was founded in 1938 in Beaufort, N.C., by
Arthu:Spu‘ryPHrSC.amologistalDukeUni-
versity. Pearse, a professor at Duke since 1926,
had traveled extensively and worked on marine
organisms in a number of locations worldwide.
He began his research in North Carolina at the
U.S. Fisheries Laboratory in Beaufort and was 50
ﬁnpemdbyﬂtlocaﬁmmtaedecidedmcs-
mbﬁstlalabmwryfadwu'ailﬁngdsmdmtsin
marine biology. Pearse convinced the university
topmchascmcvacamlandonl’iverslslandto
t.l‘lcsouthohheU.S.FisherieSLabommandm
construct & laboratory for the wraining of students
and for basic masine research. He felt that such
training and basic research would complement
the more practical fisheries investigations carried
out at the fisheries laboratory.

In 1944, Robent E. Coker of the University
ofNa'ﬂlCm'olinainChapclHillbegantowork
with the North Carolina Department of Conser-
vation and Development (formerly the Geologi-
cal Survey and now the Department of Natural
Resources and Community Development) o de-
velop the Institute of Fisheries Research. This
laboratory began operations in 1947 in Morehead
Cityatﬂwm‘teofamearimCmpssecﬁon
base. The aim of the original laboratory was 10
punmﬂwdevelowmmf North Carolina ma-
rine fisheries through the application of basic sci-
ence and econornics 1o fisheries questions. The
hbmmory.nownmnedﬂnlnsﬁmw of Marine
SciumsofﬂnUxﬁvu'sityochrmc:arolina,has
heoomnmhmdlybamdmitsmwchac-
tivitieswimlmgmnsofbasicandappliedre-
search as well as teaching.

In addiion to the four marine research labo-
ratories in the area, theye are two facilities de-
vowdlopubliceducaﬁminnmﬁmaﬂ'airs. The
N.C. Maritime Museum in Beaufort has exten-
sivedisplaysoﬂocalmaﬂlimehistorymdthe
staff sponsor field trips for laymen and student

12

groups to nearby estuarine habitats. The N.C.
Aquarium at Pine Knoli Shores has extensive
displays of live marine organisms and SpORsors 2
pumber of public education activitics throughout
the year,



The Newport
River Estuar-
ine System

Tabie 1.
Approximatie areas
of iand and water
in the watershed of
the three parts of
the NRES (k).
For locations see
Figure 1.

Geography

The Newport River Estuarine System (Fig-
ure 1) consists of three major parts: (1) the New-
pon River estuary that extends from the Beanfort
Indet inland 10 a point near the wown of Newport:
(2) a portion of Bogue Sound extending from
Beaufort Inlet west 10 a point west of Broad
Creek near Intracoastal Waterway Marker 33
(Bren 1963; FJ. Schwartz personal commumica-
tion); (3) Back Sound and Narth River from
Beaufort Inlet to a line between “Botte Run
Point™ and Harkers Istand and incliding the
“Straits™ as {ar east as Browns Island (personal
observation). Because the geographical limits of
these three parts are not hydrographically distinct
from adjacent systems, the establishment of these
boundaries is arbitrary. However, for the sake of
discussion these are the limits used in this publi-
cation.
The tripartite nature of the NRES is typical
of the estuarine systems in southern North Caro-
lina where elongated barrier islands are broken
by inlets in the vicinity of small coastat-plain riv-
ers. Each tripartite system consists of one branch
extending perpendicular to the coast and ending
in a small river with the other two branches ex-
tending laterally as high salinity sounds behind
the barrier islands, These two lateral  branches
separate hydrologically from adjacent sysiems at
the time and place where tidal flows meet be-
tween two inlets.

Knowledge of the relative propartion of land
1o water (Tabie 1) found in each of the three sub-
systems of the NRES is important in understand-
ing the variability in the physical and chemical
characteristics of the estuary as influenced by
freshwater inflows. All three major parts of the
NRES fit Priichard’s (1967) definition of an es-
mary, & definition that emphasizes the impor-

Ianccofﬁeshwalﬂderivedﬁ-anwdmmge
o reduce satinities. The most estuarine in char-
aciez of the three subsystems of the NRES is the
Newport River Estuary. It has a land area 11
times as large as the open water area. The New-
port River drains a large coastal plain swamp/
forest, a part of the Croatan National Forest.
Bogue Sound, with a land/water ratio of 0.97, is
mare of a lagoon than an estary. Numerous
small crecks empty into Bogue Sound all along
its length. Each of these could be classified as
miniature estuaries dusing periods of minfall or
when surface groundwater causes fresh water to
seep into them. Al other times they can be con-
sidered tidal embayments with salinities Little
different from the open waters of Bogue Sound.
The thind area, Back Sound and North River,
shares characieristics of both of the other two
parts of the NRES. Back Sound resembles Bo-
gue Sound, and the North River is more: similar
to the Newport River Estuary. In overall area,
the Newport River estuary is the smallest (31
km? 12 mi?) of the three parts; Back Sound/
North River (60 lan% 23 mi*) and Bogue Sound
{77 km?, 30 m?) are two Lo three imes its size.

The physical features of the NRES are de-
fined by unconsolidated sediments {sand and
mud) and are thus subject to rapid short-term
changes due 10 movements of these sediments.
In the past and continuing o the presens day,
changes in sea leve! have resulted in alteration of
the size, shape and position of the NRES. A
summary of changes in the past 250 years in the
lower estuary is given by Klavans (1983),
Beaufort Inlet has been open since 1708 (El-
Ashry et al. 1968). It migrated approximately
150 m {500 ft) 10 the northwest between 1866
and 1948 (U.S. Army Corps of Engineers, 1948).
Further evidence of inlet migration can be found
in the position of the islands and marshes in

Location land Water Total Land/Water
1. Newpon River esnary 340 3 37 12.0

2. Bogue Sound 75 7 152 097

3. Back Sound/North River 180 60 240 30
Total 595 163 758 37

1. From the Beaufort Inlet to Newport (Wolfe (1975).

2. From Marker 33 between Broad Creek and Goose Cresk to the Beaufort Infet (estimated from

topographic maps).

3. From Bottle Run Point on Shackleford Banks to Harkers Island, Browns Istand across the Staits,
including all of North River to the Beaufort Inlet (estimated from topographic maps).
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Back Sound. They suggest a continuous west-
ward migration of the inlet Recent changes in
the inlet (1949-1971) include an addition of 2.4
km (1.5 mi} of land io the western end of Shack-
leford Banks and a .16 km (0.1 mi) recession of
the eastemn Gp of Bogue Banks. Annual dredging
and construction of rock jetties has stabilized the
position of Beaufort Inlet. Other major man-
made changes in channeis and shoals over the
pest hundred years have included: (1) increasing
the size and depth of the main ships channel into
the Morehead City state pon and turning basin
(Dwredged materials were deposited on the nataral
channcls and marshes at the northeastern end of
Bogue Banks. This restricts the flow of water in
and out of Bogue Sound); (2) dredging of Tay-
lors Creek and Beaufort Harbor (This changes
the elevation of the adjacent shoal with the addi-
tion of dredged materials); (3) dredging of the
Intracoastal Waterway, thus creating a channel
that connects the Newporl River Estuary with the
Neuse River Estuary o the north and Bogue
Sound with the White Oak River Estuary o the
west; (4) constructing of the  Morchead Ciy-
Beaufort Causeway in 1927. (This restricts the
flow of water in and out of the Newport River
Estuary o two narrow channels.)

Bathymetry

The NRES is a shallow body of water aver-
aging approximaltely 1 m (3 ft} in depth at mean
Jow water with a few deeper channels (Figure 2).
Klavans (1983) published cross-sectional dia-
grams of the lower part of the NRES that provide
vertically exaggerated pictures of depth profiles
along seven transects (Figure 3). Most of the
navigational channels are maintained by dredg-
ing, and only a few are maintained by naumral
scouring of the tidal currents. Frequency of
dredging is site-specific with some places requir-
ing dredging every year. Others may only be
dredged occasionally.

Close 10 the inlet the position and size of the
unmazintined channels and the adjacent shoals
varies dramatically from year 1o year as the
strong tidal currents move the sand. Away from
the inlet, the natural channels are more stable,
but even here a strong gale or hurricane will of -
ten result in a rapid shift in position. As would
be expecied, the strongest tidal flows and the
greaiest mass movement of water follows the
channels (for example, see Kazarian 1983),

The bathymetry of the Newpon River estu-
ary (Figure 2) is relatively simple. The lower es-
mary, identified as that area from Beaufort Inlel
10 3 line drawn berween the mouth of Core Creek
and Crab Point, consists of a complex of natural
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and man-made channels running trough a groyp
of marshes and islands (Figuare 3; Transects A -
D). The main ship channe] leads through the in-
let to the N.C. State Port at Morehead City and
has  project depth of 12.2 m (40 ft). Beginning
just south of the Newport River bridge and run-
ning northward is & segment of the Intracoastal
Waterway with a project depth of 3.7 m (12 fi).
The waterway passes berween the Newport
marshes and Phillips 1sland, continuing north and
west into Core Creek and connecting with the
Neusc River via a canal. Occasional dredging is
done at places in the waterway 10 maintain the
project depth. A second navigational channel
with a project depth of 4.6 m (15 ft) begins just
south of Radio Island and continues into
Beaufort Harbor where it splits into two
branches. One branch passes up Taylors Creek
and out into the North River. The other passes
north through Gallants Channel under the
Beauforn bridge, and rejoins the waterway just
northeast of Phillips Istand,

There are several nanrral channels in the
lower estuary. One of these branches off the wa-
terway just north of the Newport River bridge
anx] passes between Crab Point and the Newport
marshes, This Crab Point thoroughfare has a
depth of up to 6 m (2C ft) but shoals to 1 m (3 f1)
as it enters the main body of the open estuary. A
second natural channel passes from the Newpont
River bridge 1o the east of Phillips Island and
continues north acress the Gallants Channel ex-
tension of the Inracoastal Waterway branch o
Beaufort. This channel is over 6 m (20 ft) deep
in places. A third natural channel begins as an
extension of Galiants Channe! and runs along the
castern side of the estary, turms 1o the west and
crosses the waterway and then shoals o 1.2 m (4
ft) as it enters the main body of the open estuary.
This channel reaches depths of 3105 m {10-15
ft).

The upper postion of the Newport River es-
tuary consists of an open, smooth-bottom shal-
low srea. Lts deepest partion, approximately 2 m
(6.6 ft), is in the middle. Progressing up the es-
tuary to the west, the depths become shaliower.
At the westem end of this portion there are sev-
eral oyster reefs. The largest, Cross Rock, £x-
tends from the north shore of the estary three
quarters of the way across toward the south
shore. Cross Rock is exposed at low tide but
mostly covered at nommal high tide, The water
west of Cross Rock is extremely shallow, aver-
aging less than 30 cm (1 ﬁ)hdcpdla;lowﬁ#-
Then much of the area is exposed as a large uni-
form mudflaL The river-dominated portion of
the estuary begins al the point where the estuary
suddenly nammows (appropriately named the Nar-
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Figure 34,
Typical cross
sections of the
lower NRES
{redrawn from
Kigvans, 1983)
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rows) 10 approximately 20 m (65 ft) width and
deepens to 2 to 4 m (6.6-13.1 fi). This channel
exiends in a meandering fashion through marsh
and forest becoming more and more riverine in
nature until, ncar the town of Newport, it be-
comes a small coastal piains river.

The intertidal and subtidal portions of Bo-
gue Sound are shown in Figure 4. At the eastern
end of the sound is the staie port with maintained
depth of approximately 12 m (40 ft). The Intra-
coastal Waterway with a project depth of 3.7 m
(12 ft) runs west from the port along the north
shore of the sound (Figure 3; Transect E). The

remainder of the area is shallow, avesaging ] m

(3 ft) deep with some shallower sand shoals and

a few deeper “holes™ that may be 3 w04 m {9-12

ft) deep. The sound is restricted at its eastern end
by marshes and dredge- spoil istands.

The Back Sound and North River part of the
NRES (Figure 5) consists in its lower section of
a series of branching tidally scoured channels §
to 7 m (15-20 ft) deep (Figure 3; Transects F-G).
The position of many of these channels is con-
stantly shifting, particularly in the area between
Bird Shoal and Shacklcford Banks. Two large
marsh areas, Middle Marsh and the North River
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marshes, restrict the water surface ares in the thart 30 cm (1 ft) decp )
; . north of the bridge. The
mpom?:::hum Theeas.cmboundary estuary ends in 8 number of small tidal creeks
pan NREScumabeﬁxedmm that drain the surrounding swamp forest. Except

;ru:uummdnﬂsommu for & short bridge, the upper most part of the
yslmeaedmmllme_ome North River is almost compleicly isolated by the
mmdmmu uh:snuba::ism:dnd.ﬂgu- US 70 causeway. The impact of this causeway
change across boundary is has investigated
Fohbly_:pmdenlupmlltlidsrﬁngm- otbeenin .
with viciagie o & ,
mm variations in wind speed and direc- Tidouml-lydrogrmhy
ThNu'thRi\'u'iSIWell-deﬁmdbod
of The h iS i
— y ydvography of the NRES is in large
‘“ﬂ!ll‘:sevu'alwmll.m&adgedchmy pan deiesmined by semidiumnal (twice daily)

nels in its lower i

R et POTGon. In the upper part of the tides of approximately 1 m (3 ) height, The re-
waler is very shallg : c=nt study by Klavans (1983) of the lower NRES
S0uth of the US 70 cr e 6108 | (3 i) decp has provided a detailed picture of the tides and

Causeway and bridge and less tidal currents of the system. In addition, volunes
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of water movement, Lidal exchange rates and
tidal currents have been studied in the Newport
River esmary (Bret 1963, Cronin 1979, Culliney
1969, Hestler 1974, Hyle 1976, Jennings et al.
1970, Mohammad 1961, Pinschmidt 1963) and
10 a keseer exient in Bogue Sound (Brett 1963).
Hyk (1976) showed thal sea bed drifiers re-
Ikeased in the Beaufort Inlet can be carried into
BogtnzﬂBackSumdsaswllasmemin
body of the Newport River estuary, thus con-
firming the observed idal fow of water into and
out of these areas apparent (0 everyone who has
had experience on these walers. In addition, it is
common knowledge that the paterns and voi-
umes of water flow within the shallow sounds is
profoundly influenced by wind speed and direc-
tion. For instance, during prolonged sirong
northeasterly winds, waier will move from the
Pamlico Sound through Core Sound 1o Back
Sound and then out the Beaufort Inlet (Thayer
1969, Gutsell 1930). No doubt strong south-
westerly winds will reverse this flow. Stmilar
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flow patterns probably occur in Bogue Sound
also, especially with winds from the east (un-
usual} or the west. There have been no quantita-
tive studies of these wind-induced flows,
Physically and hydrographically, the New-
pont River cstuary, considered here as a part of
the NRES, can itself be subdivided into two dis-
tinct parts. The main body of the esmary extends
from the Beaufort Inlet to the Narmmows (Figure 2)
and is roughly 15 km (9.3 mi) in length and 4 to
5km (2.5-3.1 mi) in width in its broadest seg-
menl (Mohammad 1961). This main section has
an area of 26 km? (10 mi?) (Hyle 1976). Jen-
nings et al, (1970) said that this portion of the es-
tury hadt an average low tide depth of abowt 1 m
(3 ft) and a tidal range of 0.8 m (2.6 ft). Hyle
(1976) cakulated a mean high water depth of 1.2
m (3.9 ft) and a high ide volume between the
Beaufort and Morehead City causeway and the
Narrows of 31 x 108m? (40.5 x 10° y@). Low
water volume was calculated o be 17 x 10°m}
(22.2 x 10Pyd), giving a tidal volume of 14 x
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10Pm? (18.3 x 10° yd") which is 45 percent of the
total high tide volume. Based upon these caleu-
lations, nearly one half of the volume of the main
part of the estuary moves in and out with each
tde.

The second part of the estuary, that which
continues above the Narrows, differs signifi-
cantly from the main body of the estuary. This
section consists of a narrow rectangular channel
which meanders through a combination of low
salinity saltmarsh (Spartina cynosuroides) and
pinc farest for approximately 27 km (16.8 mi).
The cxact point at which the estuary ends and the
river begins varics, depending upon how far up-
strearn the tidal flow of sca water exiends. The
tidal flow of water up and down the lower por-
tion of this section of the estuary is very strong.
Cronin (1979) estimated that 1 x 10°m? (1.3 x 10
yd®) of water moves through this narrow channel
with each half tidal cycle,

Mohammad (1961) calculaied that the entire
Newpon River estuary from Beaufort inlet o the
town of Newport contained 73 x 10fm* (954 x
10° yd*) of water at low tide and had an intertidal
volume of 29 x 10%m® (37.9 x 1(* yd). This
would equal a high tide volume of 102 x 10°m’
(133 x 10¢ yd?). Subiracting Hyle's (1976) esti-
mate of the high tide volume of thal segment of
the estuary from the causeway (0 the Narrows
(31 x 10°m*; 40.5 x 10° yd*} from Mohammad’s
(1961) volume of the total Newport esmary (102
x 10%m®: 133 x 10° yd®) results in an estimate that
the portion of the Newport River eswary lying
between the Beaufor Inlet and the causeway
combined with that above the Narrows has a
high 1ide volume of approximalely 71 x 10%m’
(92.5 x 10% yd*). This volume is not possible
given the sizes and depths of these two segments.
Since neither Hyle (1976) nor Mohammad
{1961) show the sieps in Lheir calculations, it is
not clear which is the more appropriate set of fig-
ures to use.

Estimates of the 1otal volume of the NRES
can be made using the areas from Table 1. As-
suming an average depth of 1 m (328 f1) at low
tide then the estimated volume of the Newport
River estuary, Bogue Sound and Back Sound/
Narth River estuary portions of the area would
be 31 x 10°m?® (40.5 x 10% yd*), 77 x 10°m’ (101
x 10° yd), and 60 x 10°m?® (784 x 107 yd"), re-
spectively. Thus the ital volume of the NRES
would be 168 x 10%m” (220 x 10 yd").

Hettler (1974) measured the volume of wa-
ter entering the Newport River estuary north of
the Beaufort/Morehead City causeway on a flood
tide on August 21, 1973. He measured the flow
uSing SYNoptic curment meler ransects across fowr
channels: the channe! undier the Newport River
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bridge, the channel under the Beaufort bndge,
the channel under the Pivers Island bridge and
the channe! between Beaufort and Pivers Island.
Adding the flow under the Newpont River
bridge and the Beaufort bridge gave the total
flood tide volume of 42 x 10°m*(54.9 x 10¢
ydP). This volume is three times that of Hyle
{1976), who calculated a volume of 14 x 10°m?
(18.3 x 10° yd®) between the causeway and the
Narrows, and 1.4 times that of Mohammad
(1961), who estimated a tidal volume of 29 x
10%m* (37.9 x 10° y&®) for the cniire estuary
from the inlet to Newport Hedler's (1974) data
allowed him © calculae the percentage of the
total flow passing through each of the four chan-
nels: 87 percent under the Newport River
bridge and 13 percent under the Beaufort bridge.
The 13 percent was made up of 6 percent flow-
ing between Pivers Island and Beaufort, with 7
percent flowing under the Pivess Island bridge.

According to Klavans (1983), the tides in
the NRES begin as a semidiurnal (vwice a day)
tide arriving at Beaufor Injet. Because the tides
are mainly lunar, sach successive wave occurs
approximately 25 minutes later. The tidal wave
travels as a progressive damped wave at an av-
erage speed of approximately 2 knots (1.02 m/
s&c) as it progresses up the estuary. Away from
the inlet the tide becomes mixed, mainly sem-
idiumal, meaning that there is a slight difference
between the height of successive high or low
stands of water. Moving inland away from the
inlet the heighi of the tide wave decreases. In
the Newport River eswary, this atienuation is
low, averaging 0.1 fymi (1.9 cm/km), because
the wave is partially reflecied off the northemn
shore. Attenuation in Bogue and Back sounds is
much greater, averaging 0.4 fumi (7.6 cm/km),
becanse there is no reflection. Due to frictional
drag, the maxirnum flood and ¢bb tide currents
precede the times of high and low water. Atthe
indet, maximurn flood currents ocour 1.4 hours
before high waler, and maximum ¢bb currents
occur 1.8 hours before low water, Three miles
upstream in the middle of the Newport River es-
taary maximum flood currents precede high wa-
ter by 3.1 howrs, and maximum ebb currents
precede low water by 2.8 hours,

In addition to the very detiled smdies pub-
lished by Klavans {1983), more simplified infor-
mation on the tides in several parts of the system
is available from two annual publications of the
National Ocean Survey, National Oceanic and
Atmospheric Administration, U.S. Departmen;
of Commerce: Tide Tables for the East Coasi of
North and Sowth Americo and Tidal Current
Tables for the Atlantic Coast of North America.
For the most part, the data in these volumes are
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m (3.6 ft). Maximum cument velocities in the
channclsmarﬂcaufmhﬂclrangcﬁ'ommw
lmmn/sac(l-th). According to Moham-
mad (1961), the tide @bles for 1960 indicated 2
mean and spring tide range of 0.76 m (2.5 f1) and
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hours of tide height and curren direction at the
Core Creek bridge.
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wibutor 10 current velocities above the mouth of
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movements. In addition (o the tidal CUITEN ve-
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merce Tidal Curvent Tables, there have been
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m/sec; 3.6-1.14 fysec). Currents within the Nar-
rows were somewhat weaker (0.38-0.21 my/sec:
1.25-0.69 fisec) and the currents in the shallow
Open estuary were the weakest measured (0.37-
0.06 nvsec; 1.21-0.20 fifsec). Surface current
velocities were slightly higher on the ebb as
compared io the flood tide. Due o the interfer-
ence of wind-generated currents, Mohammad
(1961} did not measure tigal curents when wind
velocities exceeded 16 kmr (10 mi/hr).

Cullincy(l%ﬁ?)inanappmdjuohisdws
ﬁ.ﬂscmmuvclocitydnmﬁunfmnlocaﬁombe-
tween Pivers Island and the Narrows. He meas-
ured velocities hourly for one compleie tidal
cycle during four seasons. Maximum cument ve-
locities ranged from 0.84 1o L.65 lan/hr (0.23-
0.45 m/sec; 0.75-1.48 ft/sec), considerably less
than those observed by Mohammad (1961).
However, Culliney’s sations were located o of
ﬂbmnisufnwchannclsm\dwom(ibcex-
pecied 10 have fower curren; velocities.
Culliney (1969} also noted that at his station lo-
calcdinmemiddlcofmceslumythe winds
strongly influenced the velocity {direction and
Speed) of the surface currents.

Tidal currents have been discussed in great
detail by Cronin (1979) for the Narrows (Table
2). He reponed currents that might be consid-
ered “typical” for eswarine waters: stronger
flows downstream and longer ebb flow mes
near the surface. Flood tidal currents were
stonger and longer lasting near the botom. He
averaged the currents at 0.5 m (1.64 ft) depths
over a number of tida! cycles in an effort 1o cal-
culate the residual nontidal current (the net speed
and distance rraveled) and the depth of no net
motion (depth at which all the water flowing
downsu'campaslapoimmmcebbwmﬂd flow
upstream on the flood). After the second day of
his first study (Table 2). there was massive fresh-
waler runoff following heavy rains. This runoff
resulted in a large downstream residual current
{net flow) and a large average displacement per
tidal cycle. Differences berween surface and
bottom illustraie the still present, but mostly
overpowered, bottom flood tide water move-
ment. The last study (#2, Table 2) shows condi-
ﬁmﬂmm;mbablymarctypicalforﬂnm-
ary. At this time the average residual current
downstream was on the surface and upstream
was on the bottom with & “depth of no net mo-
tion™ in between, Maximum tidal currents aver-
aged approximately 0.50 mysec (1.64 fifsec) ex-
cept during the period of heavy nmoff when cur-
Tent velocities measured greater than 0,50 m/sec
mﬂnebbﬁdcandlmsﬁmno.sonwecmthc
flood tide,




Figure 6.

Surface ridal
cwrrents (misec) on
ebb and flood tides
in the Newport
River estuary (from
Mohammad, 1961).
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The data on cuments in Bogue Sound are
fewer than for the Newport River estuary.
Klavans (1983) hag two stations in the Intracoas-
tal Waterway in Bogue Sound. Al the Atlantic
Beach bridge, maximum flood speed was 0.73
mJsec (2.39 fi/sec) and maximum ebb speed was
0.74 m/sec (243 fifsec). South of Sugarioaf Is-
land maximum speeds were .58 m/sec (1.90 fi/
sec) and 0.83 mysec (2.72 fi/sec), respectively.
Breat (1963) reported maximurn tidal current ve-
locities in the eastern end of Bogue Sound of 1.1
mph (0.50 m/sec; 1.64 fi/sec) and maximom ve-
locities of 0.46 mph (0.20 m/sec; 0.66 fifsec) in
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the middle section of the sound.

In the Back Sound and North River portion
of the NRES, Klavans (1983) had two stations.
In the channel between Middle Marsh and Carrot
Island, he reportad a maximum flood speed of
O.Mn#mc(l.#fvsac)mdanmimmnebb
speed of 0.66 m/sec (2.16 fi/sec). In a channel
berween Shackleford and Middie Marsh, the
spoeds were 0.71 m/sec (2.33 fifsec) flood and
0.54 mysec (1.77 fi/sec) ebb. Fonseca el al.
(1983) reported an average maximum ndat ve-
locity of 0.45 m/sec (148 fi/sec) at a site near
Middle Marsh.
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Characterisicy o | Study Depth(m) A B C D E
the rontidal T

(residual) Cirrents | w1 0.0 -21.1 -9440

in the Narrowg of fiulyis 0.5 -194 -8660
the Newport River 197 1.0 -17.7 -7880
Eesuary avergged L5 -15.5 -6940
over several tigat 20 .36 ~6090 8 0 2437
cycles for fosur
disqinct time #2 0.0 -76 3400
periods. Upstream Aug. 27.29 0.5 -58 -259(0
values are posirive; § 1977 1.0 38 1710
ream are 15 -1.8 ~780
regative (Cropin 2.0 0.0 0
192, Angvergo, 25 +1.1 +470 4 200 30-38
Yesidual nonsida;
CUITent in cmysec- #3 00 -5.5 -2480
Bxaverage July 7.11 05 4.2 -1870
splacemen; per 1978 1.0 -2.8 1260
tidal cycle jn 15 -1.6 <700
melers; Cznumber 20 0.4 -160
of ddal cycles 2.5 +11 +470 7 213 30 4

averaged: D=dep,

of ro net motipn in {ug 0.0 -2.5 -1110
meters; E=tida} Aug. 29-Sep; | 0.5 -2.0 -870
depih range in 1978 1.0 -14 -620
meiers, 1.5 +0.2 +80
20 +1.5 +670
25 +3.9 +1750 5 145 3038
Mixing ang Exchange Rates et al. (1970) estimated flushing times, i.c. the
time mccsm;yrormmﬁajmtaingﬂws)’m
The NRES s usually well-mixed vertically via the Newport River 1o pass through the est-
by the winds and gy currents, Occasionally, ary. These flushing rase calculations were based
slight density prpg; exist in the shatiow open WPON estimales of river flow rates, tidal volume
wmdmngpmodsofcalm and/or andbam.vmetryofﬂtmm The report used 2
heavy rainfail, More frequently, stigh: dengiry modified tidal prism method but showed 1o cal-

Sﬂaﬁfmﬁmmbcfoundinmctbqnchanmls culations and gave no references for the method.
due 10 Snall differences i temperature andjor Their flushing times varied from 4.5 days (8.7
salinity bﬂu'amsln'faccand botiom wagery, Only tidal cycles) during a peripd ofummhlﬂl
i the protecied and deep headwaters, such g the  riverflow (11.2 mfsec, 17.8x10° fi*fidal cycle)
ssuiary above the Namows, does saong density 09.6 days (184 tidal cycies) during esimaied

Stratificagion OCCUr very often, The NRES can periods of low flow (0.4 m=fsm.o.6x{0'ﬁ’fudal

lllusbeChssi.ﬁedasatypica] vertically homoge. cycle} with a mean of 6.4 days (12.3 tidal

neOus estuary, cycles). Jennings e al, (l970)dmmmm
WWMW&:MM there was some exchange of water wih the Ne.

hmimnhlmixinglnvebemrmderu-meNew— useijamaryvia_:heCmCmekChnaLbﬂ

Port River etury. Mdummada%l) esti- lhcydidrmqmnl:ify it _

mﬂedmewwlgerxﬁoof%ml.wizhdus mmogmmmnamufﬂuﬂlms

mﬁo*ﬁmﬂuﬂ»%‘ of water moving meshavcbemmadcbyHyk(IWG)-f‘km
mwmwmmuusmn- uuﬁdalmanme:hodufxe_whunm””-f"“"
mmlhefdbwhgﬂoodﬁ&.l-!ew ﬁnghighlidc.lowtidemdtldalm‘ﬂm
mpblemixhgofwuswimh:memyand mafwﬁmdd&muﬁ)wnﬂtm
mminwﬂninb:ofwmmmmdmm uchmommucBeaurﬂWdelw ]
cbbﬁdammtwommﬁmsm undoubtad)y Causeway (Figure 2). Hﬂ'}“’““’"_”"‘?“"
false, Wu:mm'sexchangcmﬂosmudbe myinmsevmscmmmﬂiewm

] Oonsiduadasa'heummaximum. Jeanings method. Exchange ratios for cach segment were

24




Figure 7,

Exchange ratios
ard flusking fimes
(rit} for segments of
the Newport River
estuary {from Ayle,
I1976).
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calculated by r.=P /(P +V ), where 1, is the ex-
change ratio, P, is the intertidal volume, and V_
is the low tide volume of the “n™th segment.
Hyle apperently used the same technique as Mo-
hammad {1961), except that Hyle divided the es-
miary inio seven segments. Mohammad consid-
ered the whole ¢stuary as one segment.

The results of Hyle’s (1976) calculations
(Figure 7) show flushing times increasing down-
stream as the volume of the segments becomes
greater. Total flushing time was estimated to be
12.06 tidal cycles of 6.26 days, using 1.925 tidal
cycles/day as a conversion facior. This flushing
time is vexy close to the mean of 12.3 tidal cycles
estimated by Jennings et al. (1970).

These estimates assume that none of the
tidal water ebbing oul of the lower segment re-
oms on the next flood tide and that complete

25

mixing occurs within a segment. Thus within
each segment these exchange rates should be

Mixing and exchange rates for Bogue Sound
and for the Back Sound/North River area have
not been estimated. Hyle's (1976) sea bed drifier
data and Kazarian's (1983) dye movement daia
show that waier from the Newport River estuary
is probably mixed into the two other parts of the
system with every tidal cycle. The raic of this
mixing and how it is influenced by winds re-
mains 1 be investigated.

Tamperature
The water temnperature data available for the

NRES is voluminous. The National Marine
Fisheries Service (NMFS) and the Duke Univer-



And most of the
ﬁeldmdmllmhavebwndmnmﬂwmm_
port mwﬂimlcmnplaeannml

: stations
River estuary in the Lage 1960s and 19705 (7,
Willi.s.in]lwm).

menmnncinUnNRESvm:aa-
"“"Y“d"lmseshnirmnpmun. Since
l,hecsmsmﬂismﬂmlbw.ithasar:h-

peratures
usually a 1 C ta 3 C g crence berween max;.
mum and minimum wmperane associated with
the tides. In the winler (January.F

Cin.lu.IymdAl.mu.

Themmminmmweeklym
Iﬂnpam\:smmllymdinlbnil by Hettier
and Chester (1982) from 196210 198). Based
wmu:cmnsofmch'andyses.weeuynm
wammpemummbcs(bcpmdicmdbyﬂn
foliowing equation:

T, = 17.88 - 5.20 Sin(2Piw/52) . 7.54
Cos(2Piw/52)

Where W is the woek of the year (1-52). They
also found a strong correlation (F=097)be-
tween mean weekly air and water temperatures
On an annual cycle, However, examination of
the relasionship when mean weekly water iem-
peranmes were below 12 C showed a much
POXer relationship berween air and waler tem-
pezatures (12 = () 67),

In addition 1o the regular seasonal differ-

12Cby March 1. In 1978, the winter tempera-
hures Were not as cold, but the winter lasted
longer. In contrast, 1979 would be considered a
mild winer with only a few days when the water
ranpﬂ'aunemnainedbclowSCwilhavery
Tapid warming in the last week of February.
Smnmerdm‘mccsalsooccurﬁ-omycar to
year, although the maximum lemperature re-
corded is usually around 30 C. In 1983, 2 rec-
ord-breaking heat wave during the late summer
resulted in maximym daily waler iemperatures at
Pivers Islang TeMmaining at or above 30 C from
about mid-July 1o mid-September (Duke Marine
Laboratory Teconds). The highest water tempera-
ture recorded was 32.8 C on August 22 which,
usingheDUl\deau,wasamco:dforme
Beaufort Channe) for the period 1970 1o 1984
Furgeson (personaf Communication) reports
similar highs (32 5 C) during late Auguss and
carly September 1970,

Ternpa'aamhﬂlcopmwamofdiem-
uyvuymuchlmﬁunphoctoplace. Pin-
schemidt (1963) found slightly cooler empers-
mnmuna-andwinwindnﬁm
of the esmary



Figure &,
Maximum and
munirnum daify
water lemperalures
in the Beaufor
Channel at the
Duke University
Marine Laboratory
dock for 1977 10
1979 (from Kirby-
Smith, 1982).
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Teble 3,
Mean monthly
Seawater densiry
readings based upon
daily (5 p.m.) readings
iaken at Pivers Isigng
Jrom 1913 i 191 ¢ by
Hoyt (1920;, Salinities
are estimates using
Hoyt's (1920) mean
montkly temperatures
(Hoyt's Table 9 for
1913-1914) as the
femperature af the
time of density
meASKrement
combined with Zerpe
and Taylor (] o53;
Seawaier temperaiure
and density redyction

a lecation abovcttharrowsatFishing Camp
(Stanion 5. Ay Station 1, the mean annua) 1em.-
peraige was 19.0Cwimamngcm'31.0Clo2.l
Cmdamaximumlnudygradiemom.oc. At

m-

shown in Hyle (1976)
:e]:mbablyduelommplingontwowparam
dates. Breg (1963) reported relatively high 1em-
mnm(32C:o33C)forBongomd in

ber 1959, 'Ihisdmasuggcsxs that Bogue

d may have slightly higher Summer muax;-

mum tunpmumascompmd with walers off

The only long-term recorded water lempera-
tre for the North River is a computerized set of
daia from 197} 1o the present. These data are
taken once a mony (Mamh-November) artwo
Stations, one at the .5 70/Bridge and a second
upstream where the sysiem narrows,

Salinity

Salinity, the toeal amowumt of dissolved solids
in one kilogram of seawater, is expressed here as
Ppt (parts per thousand). Estuaries are defined,

—_—-—

Space. 1t might be expected thar the ultimate lim-
ilsonsalimu‘esinancsma:y would be from fresh
waier {0 ppt) 1 open ocean seawater (34.5 Pt
However, in the NRES €vaporation in the sum-
mer can frequently rajse salinity in the protected
wm-softhewxmymdsomdsm%m%pm
Next 10 temperature, salinity has been the
most commonty recorded environmental variable
in the publisheqd literature relevant to the NRES.
These recards vary from detailed tidal cycle
Studics at one time and Place (for exampie, _
Cronin 1979) 1o 17-year monthly averages (Wil-
liams and Desibler 1968). The most extensive
salinity record collected in the NRES was at the
NMFS Iaboratory, which collected continuous
records of salinity at five stations over a several
years during the late 1960s and 1970s (J. Willis,
in preparation). ‘lhcslaﬁonsinmjssu.ﬂywm
located a5 foltlows: (1) Gallants Channel across
from Phillips Istand, (2) in the middle of the es-
tuary opposite the mouth of Core Creek, (3) in
the middle of the estuary opposite Harlowe
Creek, (4) in the small channet of ihe southern
tp of Cross Rock, and (5) at Fishing Camp ap-
proximately 4 km upstream from the Narrows.
Historically, the Winslow (1886) published
the carliest report that dealt with salinity, He
measured specific gravities af differens tidal
Stages and scasons. Wheeler (1910) quantits-
tively analyzed the chemical composition and
Feporied specific gravities for four samples of
Seawaier from the Newport River estuary. Hoyt
{(1920) reported maximum, minimum and mean
monthly seawarer density for 1913 10 1914 a1
Pivers Island (Table 3). The most exiensive

tables.

prsing that safinity is highly vayiabje in time and (temporally) carly report of salinity published for
Dae Average Maximum Minimum Average
Temperature  Hygro. sa1 Hydro. Sat Hydro. Sal.
1913 June 21.0 1.0228 322 10184 257 1.0209 30.1
July 278 10238 364 1.0216 335 10228 35.]
Aug 278 10226 349 1.0200 314 10210 327
Sept 246 1.0204 307 1.0132 213 10168 25.9
Oct 19.9 10236 333 1.0170 246 10199 284
Nov 136 10240 320 1.0102 14.1 10209 28]
Dec 105 10256 336 10192 254 10226 29.7
1914 Jan 9.4 1.0248 323 1.0186 243 1.0212 277
Feb 94 10220 286 10100 132 10179 234
March 98 L0204 267 1.0100 149 1.0173 227
April 168 10218 30 10150 212 10183 25.5
May 220 10233 337 1.0190 278 10212 30.7
June 2.1 1.0258 382 L0210 319 1.0234 350
July 280 1.0246 375 10220 340 10230 354
28
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Table 4.

Maxmum and
minimum salirities
recorded at Pivers
Isiand from 1924 10
1928 and based on
daily hydrometer
readings (Guisell
1930),

Month Year
1924 1925 1926 1927 1928

max min max min max min max min max min
Jan. 32 3l 27 14 2 2 13 26 35 26
Feb. 30 16 24 18 29 20 35 28 35 26
Mar. 29 20 27 18 31 20 ) B 34 25
Apr. 3 18 30 15 33 21 33 25 s
May 33 27 12 10 35 27 35 1 35 23
June 12 23 35 31 % 22 37 M 37 A2
July 30 21 6 28 35 33 38 35 8 35
Aug. 22 35 24 3 M 38 30 38 35
Sept. 32 6 15 28 37 32 35 28 5 24
Oct 25 14 35 28 34 30 34 28 32 19
Nov. 28 16 35 7 35 28 34 27 M 2
Dec. 32 23 33 27 U n 34 20 37 23

the NRES was that of Gutsell (1930). He pre-
sented a summary of four years {1924-1928) of
data from daily hydrometer (specific gravity con-
verted 1o salinity) readings at Pivers Island
(Table 4). Williams and Deubler (1968) pro-
vided long-term salinity daia, particularly for
Bogue Sound. Unpublished records of salinity
are currently kept for Bogue Sound at the Inst-
wte of Marine Sciences and, on occasion, at the
Duke University Marine Laboratory for the
Beaufort Channel, Numemus records of salinity
(discrele samples taken periodically) existin the
published record (Allwein 1966, Culliney 1969,
Brett 1963, Chestut 1952, Committo 1976,
Hyle 1976, Knuczynski 1971, 1973, Manro
1956, Mohammad 1961, Pinschmidt 1963,
Schwartz and Chestnut 1973, Williams et al.
1973).

The temporal and spacial variability of sa-
linitymmeNRESmwllillustmcdinFigm';
(Pinschmidt 1963). Monthly means of weekly
collections, obtained aliemately at low and high
ﬁm.mmwdfmﬁvesmﬁmsmmma
transect from Beaufart Inlet to Newpon. Surface
and bottom salinities are presenied for a one-ycar
period, August 1960 o July 1961. Although the
extremes may not have been measurcd by Pin-
schrnidt (1963), his data (Figure ) are represen-
tative of the pacierns that have been observed in
the estusry. Salinity near the Beaufort Inlet is
high with relatively litle variation, averaging be-
tween 30 and 35 ppt. Moving up the estuary the
salinity drops and becomes more variable. Be-
yond the Narrows, salinities fall 10 near zero at
NewporL In general, bottom salinities are
slightly higher than surface salinities, suggesting
some stratification. However, because wind-
mixing is 0 strong in these shallow waters (at

29

leastbelowﬂleNanuws).thissﬁghlmaﬁﬁcaﬂm
probablyhasliulcbiologicﬂ ignificance. Sea-
smuliy.saliniﬁesmusmﬂybwcrinﬂwmwr
mdspﬁngdmlolowerevapomimmdmspi-
ration in he marshes, However, emporal patiem
of rainfall does not have a strong seasonal com-
pomnt.andoccasionaldecnascsmsalirﬁtycan
be expecied during any month of the yeas.

Rice and Ferguson (1975) published a one-
ywmmary(TablcS)ofmcsalirﬂtydmaml-
lected from the five stations in the Newport
River estuary. Cross Rock and the estuary oppo-
site Core Creek had the greatest range in salini-
ﬁGS(SOpm).bmmengnphadﬂbcgrmlesl
maximum hourty gradieat, 20.0 ppt, a value not
much different from the annual range, 26.3 ppt
Data from the estoary opposite Core Creek are
more variable than those from Stations upstreaim
or downstream. This suggests a possibie influ-
ence of Neuse River estuary waler moving into
the Newport via the Intracoastal Waterway. Ig-
mﬁngmiss(aﬁon.itisappamnmmmlinity
vmiabiﬁtyinauscsupsumnmmannmlmge
and in maximum hourly gradients. In the funre,
move detailed analysis of these data will proba-
blyadmessmeqwsﬁonoﬁempmnlmds;nﬁal
variability in greater detail 3. Willis, in prepara-
tion).

Rzywwdocmmnwdﬂm-tﬂmreduc-
tions in salinities occurred following very heavy
cainfall in the autumn (possibly associated with a
tropical stormy). A measurement of 6 ppt was
waken at Pivers Island in Seprember 1924 (Gut-
sell 1930) and 10.2 pp at Pivers Island following
a hurricane in Sepiember 1955 (Wells 1958).
Higher than oceanic salinities are occasionally
recorded during summer months associated with
drought and high evaporation (Gutsell 1930,



Figure 9.
Patterns in time
and space of
salinity (pp1) at five
locations in the
Newport River
estuary. Datg are
monthly means of
weekly collections
obiained alternately
oz low and high
tides a1 five stations
located in the
Newport River
estary (from
Pinschmidy, 1963)
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Table 5,
Fiuctuations in
salinity (ppt) at five
siations in the
Newport River
estuary from Oct.
1969 10 Oct. 1970
(Rice and Ferguson
1975)

Station Mean
{1) Gallant Channel 27.8
(2)Core Creek Range Light 232
(3) South of Harlowe Creek 210
(4) Cross Rock 17.2
{5) Fishing Camp 38

Range Max. Hourly Gradiem
355 — 154 76
365 — 60 12.8
20 — 10 6.7
300 — 00 120
263 — 00 200

Culliney 1964, Krucsynska 1971, Thayer et al.
1980). The highest published salinity of open
waicrs in the NRES is 49.7 ppt ai Cross Rock in
November 1974 (Committo 1976). However it
is unlikely that any appreciable volume of water

Island in the lower Newpor River estuary (Wil-
liams and Deubler 1968). A monthly mean sa-
linity comparison beiween Pivers Island (1947-
1949) and Bogue Sound at the Institute of Ma-
rine Science (1949-1966) indicaies that seawater
had mean Jow values in March of 25.5 ppt at
Pivers Island and 29.7 ppt a1 Bogue Sound and
mean high values of 33.0 ppt in July at Pivers Is-
land and 33.7 ppt in June a: Bogue Sound.
Kruczynski (1973) measured salinities along a
ransect through Bogue Sound from Bogue 10
Beaufort Inlets on three dates. The data show
dwusingsaliniticsfromlhcwoinlclswitha
minimum valuc closer to Beaufort than Bogue
Inter. Brett (1963) observed a 1 10 2 ppt increase
i.nsalinityﬁommcnmhlol}wmlhsharcof
Sound and attributed this to freshwater
runoff from the crecks along the mainland
{north) shore. Campbell (1973) measured salinity
in Gales Creek, located off Bogue Sound, for onc
year, His data have a typical estuarine patern:
high values at the mouth of the creek, fresh waler
on the surface of the headwaters, frequent strati-
Fication in the upper reaches and much lower se-
inities throughout the system following heavy

The N.C. Division of Marine Fisheries has
collected the mast extensive st of salinity data
for the North River. 1t has data from two sta-
tions, #46-U.S. 70 Bridge and CCS5 upstream
where the estuary RETOWS, The data, taken from
1971 1o 1986, consists of data taken once a
month from March through November. Those
data indicate that salinity in the North River is
vaysinﬁlwmﬂmmd\eNcwwRimwith

values from O ppt 10 over 30 ppt de-
pending upon local rainfall. Some salinity data
for the Back Sound/North River area are given in
Wiltiams e al. (1973). Data from Thayeret al.

3

{1980 suggest that salinities are relatively high
(average 34-35 ppu) i the arca between Beaufort
Inle1 and Harkers Istand. A horizontal salinity
gradiaumus.oocurmchmhRiva'esmry.
Except for the headwaters {Kirby-Smith and Bar-
bulm).mduailedsmdiesofmlilﬁtyamhcr
wmﬂ'qualilypmmnammavaihblefathis

Sha'l—mm(l:idal)vaﬁaﬁmsinsalinitym
bevaysigniﬁcamdepending\montlwkmﬁon.
Cullincy's {1969) data from his 12-hour tidal
cycle studies (Figure 10) illustraic the tidal van-
abilityinsalinityasaﬁmc&moflocaﬁonmw
estuary. In the Newporn Rjver esary, the least
salinity variability associated with the tides was
found near the inlet (Station 1) and again in the
middle of the estuary berween Harlow Creek
and Lawton Point {Station 3). Greater salinity
variations exisied at Station 2, and the greaiest
variability observed was at the Narmrows (Staton
4). The low variability in tidal salinity changes
mmemiddlcofmeesnmrywasalsonowdhy
Hyle (1976). Jennings et al. (1970) suggested
untdraimgcfmmcheuseRivaviaCut
kacanalmybcmq)uuibleramemgh vari-
abiliryinmea:cabcnwecnl’hillipslslamgnddw
entrance 1o Core Creck. Such increased variabil-
itynca:Cun:kawasalsoprcsemmmcdm
of Rice and Ferguson (1975). It had a maximum
hourly gradient of 12.8 ppt. Palumbo (1978) re-
corded means and standard devial ons for salin-
ityovua%-lun’paiodalmmcm&onsand
three dates in 1978 in the Newpaort River estuary.
Hisdammuedvu'ylowsaliniﬁﬁmdlowvaﬁ-
ability at a station half way up the Natrows,
intermediate but highly variable salinity ala
poimbctwwnﬂchamwsand&ossRock.md
highsalinitiwwid\lowvariabilityml’ivusls-
land. (.‘rmin{l9?9)occmiedsmﬁu152m4km
(IJ-ZSmi)upsuwnﬁmanmuhofdw
Natrows on four occasions. He sampied every
hour 2 0.5 m (1.6 ft) depth intervals over four-
day periods, At the beginning of his study 1, $3-
Uinities were oscillating between 2 ppt 10 3 pptat
low tide and up to 28 ppt at high nde. Following
heavy rainfall, the salinities dropped to near Z&0
ont Jow and high tides. More typical for this area
are Cronin’s (1979) studies 2 0 4 that show 53-



Figure 10.
Shorr-term
variaiions in
salinity (ppt) in the
Newport River
estuary. Data
(maximun,
minimum, range)
are from I2-hour
tidal cycles during
the four seasons
{from Culliney,
1949).
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M Species present at Pivers

Island
70-yearpu’io¢Culumy (l969)cunpmd is sa.
Iirl.ilyt!amwilhthalol’AtwoodalndJOflmnnhl3m
(!92_4). He imijcaledlfmsalhmieshad'
Significantly a1 Pivers Island. He anributad this

shiﬁmuumlammwuof&nmdﬁl”dm'
nel through Beaufort Inet and thus an increased
tidal flow. Other sets of salinity data support the
qummmmmmmwﬂiwm
hlgiuundwavangemdayﬂmﬂwympﬁ“
W the 1930s. Table 3 presents dama from 1913 to
1914 (Hoyt 1920) collected a1 Pivers Isiand. It
SUEECSts that the maxintum, minimum and mean
muumhwmmumvalmw'

& the Duke Marine Laboraiory dock on
PimlShndbymcaumc;. A more extensive
SeL of early data (Table 4) comes from Gutsell
(15_?30). Thcscda:aarchasedupon summaries of
daily hydr'ornt'.tul't',adin‘gslzllt:enall’i\"‘m Istand




Table 8.

Rainfall (in inches)
for the NRES. Dawa
for 1966 o 1968
(from Culliney, 1969)
represent an average
of Morehead City and
Cherry Point Marine
Base data. The data
Jor 1975 10 1976 are
from Kirby-Smith and
Barber (1979) waken
at Open Grounds
Farm about 8 miles
from the Newport
River estuary. The 10-
year average is from
Cape Hatteras
(NOAA 1977).

for several years. Comparing these data with the
recent data, the maximum salinity values for the
summer months 1925 to 1928 arc similar 1©
those recorded recently. But the minimum val-
ues are almost always lower, particularly during
the winter months. These data thus support
Culliney's (1969) suggestion. One set of daia
ﬂmdo&snotgqm'tmisidcaisﬂmof.anwem
{1966). She measured high tide salinity values in
the main channel between Radio Island and
Beanfort Inlet once a week from 1964 o 1965.
Havalmmgodﬁunahighnwﬁpplin
August 1964 and 1965 10 8 Yow of approximaiely
22 ppe in July 1964. Because her samples were
all mkmjustinsidcmeinluathighﬁdc.itis
pmbablcllmﬂmwasaSyswmaﬁcm3w
10 4 ppt lower than actually existed. But despile
this error, her data suggest a considerably lower
salinity regime than exists a1 preseat.

It is possible that what appears 10 be long-
term shifts in satinity are in fact allernating wel
anddryperiodsmalmyspansevaalycars. By
comparing salinity records with rainfall and/or
river runoff data, perhaps we could answer the
question of whether or not Jong-term salinity
changes have occurred in the Newpon River es-
tmary. Furthermore, 8 detailed study of the ef-
fects of channel enlargement via dredging might
suggest whether the changes in physical circula-
vion could have resulted in salinity changes.
However, one poicatial problem with the salinity
record lies in the possibility of systematic erors
in the original measurements duc 10 differences
i the techniques used over the years.

Rainfall

gest that there is litle seasonality 10 the paticrn
ot’pwuipimﬁminmstmthcmoumm
is n o pronounced wel or dry season. The great-
eslavmgcmomlﬁyminfalloccwsmmemc
swnmmdisassm:iawdwimm“and
evening thundersionns. The least rainfall is in
the spring. However, because of the low evapo-
nﬁmandmspiraﬁmmcsmmewinm
(Dewnba-Feh'uaw).ﬂlistimcisconsidmd
dtwmmmnﬁmmu:csmmyispnba-
bly greater because the soil is frequently satu-
raied. The U.S. Department of Commerce's Na-
tiunalmeﬁcandAnnosphuicMmi:ﬁmﬂon
isﬂ:pimysumfurninfalldm. Local
SOUTCES Vary. Although currently the Atlantic
BcachPolioqumunmt.mcUnivusityof
North Carolina Institmie of Marine Sciences, and
OpmGrmndsanImmnwndaﬂymca'ds
Dummalmavailableﬁunmeamrymim
Marinc Air Base in Havelock, N.C. They log
meterological data every hour.

Stream Discharge

Discharge data are not kept for any streams
entering the NRES and the neacest station is Jo-
cated on the Neuse River at Kinston. These data,
available from the U.S. Geological Survey,
would be of no value in the NRES excepi that
water can flow from the Neuse River eswary into
the Newpant River via the Core Creek Canal. As
mentioned previously, tide height and curent di-
mctimdaumrecadedcvuyeighlhomsbyme

patierns and thus might be yseful inlerpreting

Rainfall data for the NRES (Table 6) sug- long-term trends in salinity.
Month 1966 1967 1968 1975 1976 1977 10-year average
Jan. 59 39 53 50 3.5 o 43
Feb. 43 4.7 14 48 18 1.5 4.2
Mar. 33 0.6 16 3.0 28 55 3.8
Apr. 08 24 28 6.1 04 09 3.1
May 9.7 4.} 3.0 32 55 41 33
June 17 28 32 53 g2 43 44
July 116 11.8 9.7 149 34 48 59
Aug. 6.1 83 30 1.8 170 40 6.3
Sept 5.7 35 55 11.0 57 9.4 58
OcL 1.6 18 15 26 33 6.1 48
Nov. 14 16 45 20 3.1 64 46
Dex. 4.1 47 22 53 4.1 43 4.5
[
Total 62.2 50.2 49.7 65.0 588 549 55.5
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Table 7.

Percens saturation with
oxygen of surface (5)
and bottom (B) waiers
(1960-1961) for five
siations in the NRES
tFig. 9). Data were
calculated using the
oxygen conceniration,
temperature and salin-
ity from Pinschmidi
(1963} combined with
oxygen saiuration
values of seawater
{iemperature and
salinity) from a table by
W. Van Winkle,
College of William and
Mary, based upon
Jormulae in Green and
Carriut (1967},

i flow
Jennings ¢1al. {1970) estimated stream U
in the Newport Rives for 1968 based upon f@M-
the area of the v.-awrshcd-mj!
Montht values ranged from alow of 0.4 m’/sec
(0?2 yg’isec) in August 102 high of 11.2 m?/sec
(146 ydbfsec) in Jamuary. The annual (January-
December 1968) average was 42 m3fec (55
&isec). Evans (1977) states that the average
}'Iow of):hc Newport River is 3.6 m'/sec (3.7 yd/
ec). This was based upon the data of
Jennings etal. (1970) and used November 1967
w0 Ociober 1968 for averaging.

Dissolved Oxygen

The amoant of dissolved Oxygen is an im-

1 indicator of ihe biclogical activity in the
water and the ability of the waler 1o suppon life.
Oxygen eniers the water through diffusion across
the air/waler interface and is subsequendy mixed
through Uk waer column. Oxygen also enters
the water via the photosymihetic activites of
green planis during the daylight hours. Almost
all organisms, plant and animal, require oxygen
for metabolism. However, some organisms are
more wlerant of low oxygen concentrations than
others. At saniration,the amount of oxygen in
the water increases with decreasing temperature
and decreasing salinity. In addition to the actual
amount of oxygen in the water, the percent 0xy-
gen saturation of the waier is ofien reported.
This is a normalizing technique that allows com-
parisons of oxygen from samples which  differ
i temperature and salinity.

Oxygen has rarely been reported in ficld
swdies of the NRES. Four systematic studies re-

porL oxygen CONCENTralions over time ar severg]
places. Mohammad (1961), Pinschmid (1963)
and Hyle (1976) provided data for the Newpon
River estuary. Campbell (1973) presented de-
wailed oxygen daia for Gales Creek estuary off
Bogue Sound. The oxygen concentrations re-
ported in the first three smdies are very similar so
only those of Pinschmidt (1963) will be dis-
cussed (Figure 11). In the main body of the
Newport River cstuary (stations 1 t0 3) the oxy.
gen ConCentrations in surface water were gli
high, ranging from 6 mg/ io 10 mg/ (ppm) de-
pending upon scasonal temperaires. Al station
3, in the middle of the estuary, the botom waters
were 1 mg/! to 2 mg/l lower in oxygen than sur-
face waters during the summer. This was the
same location that had the least salinity variabil-
ity with tidal changes and the weakest udal e
rents. Thus low boLom Oxygen CONCENtrations in
the summer at station 3 were probably a result of
reduced mixing. Upstream of the mouth of the
Narrows (stations 4 and 5}, oxygen values de-
creased dramatically, especially during the sum-
mer when they ranged between 1 mg/l and 4 mg/
1 in surface and bottom waters. These low ory-
gen values may be the result of high bacierial
metabolism due o the high concentrations of dis-
solved and particulate organic material found en-
tering the system in the fresh waler of the niver.
Campbell (1973) observed the same general pal-
tern of oxygen concentrations in Gales Creek off
Bogue Sound. Kirby-Smith and Barber (1979
reparied consistentty Jow oxygen values in fresh
waters entering the headwaters of North River,
A more ecologically meaningful way toex-
amine OXYREN CONCENTralions is in Lerms of per-

Station

Month N 1 2 3 4 5
S B $ B S B S B s B

Aug. 3 % 9% 92 92 92 — 6 4 97
gip:. i 98 95 92 g8 85 — s8 49 u N
Ot % 95 %4 97 96 84 72 69 35 "%
Nov 1 9 95 98 98 33 go 88 49 4
Des. 3 100 100 101 98 112 107 97 w02 2 W
Jan. 2 99 98 104 98 9 106 83 8 71 ¢
Feb 2 %9 98 89 § 93 9% 70 55 ST 4
yo 3 106 104 100 9% 64 9 6 67 59 #8
o 3 93 92 91 92 o9 & 56 59 51 4
May 3 g; 92 9% 8 8 76 S5 ss 40 ¥
e 4 9 97 95 12 97 53 41 0 B
97 97 91 91 95 g 59 48 2 2
“ -

A
verages of N (number) samples are presented except those * were N=1 and # were N=2.

34



_—

Figure 11. | OXYGEN (ppm)

Fatlerns in time

patierns n ON b O® O N
dissolved oxygen | S
{ppm) afﬁ\’e N ok
locations in the 8 zl
Newport River or
esiuary. Data are “r
monikly means of T
weekly collections |
obtained alternately 2 ;
at low and high 5
tdes (from “t
Pinschmids, 1963), O
- N o
g4
z2F
ol o
[ 3
il 3
> E 43
a -l
z -
[ 3 e}
} Q
3 o
o; (7.1 %
ot o
O z}
oy
L (o]
il 8
- ‘ [
; »} <
k. zt O

rr
\o]

09«

19.

19¢

35




cent saturation of the water, Table 7 contains
daia recalculated from Pinschmidi (1963) to give
mean monthly percent sanuration of oxygen in
the surface and bottom at each station. Several
generalizations can be made from this data. (1)
The open waders of the Newport River estnary
have average oxygen saturation values of 90 10
100 percent year-round with values greater than
100 perceat frequently occurring, probably as &
result of either rapid changes in iemperature or
high phytoplankion productivity. (2) The aver-
age botorn waier percent saturation values are
almost always lower than the surface values,
Suggesting a relatively high biological oxygen
demand (BOD) in the water column and sedi-
ments. (3) Up the smaller proteciod rivers and
creeks from the main body of the estuwry, the
percent saturation values drop and are especially
low in surface and bottom walers during the
summer months,

Low oxygen concentrations or pescent sam-
mlions occur naturally in several situations in the
NRES: (1} in the botiom water of vertically
smatified areas in the summer, where mixing and
diffusion of oxygen from the surface cannot keep
up with the BOD of the sediments and botom
waler, (2) in eutrophic (nutrient-enriched) areas
where supersaturation with OXYEEn may occur
during the day when the plants are actively pho-
losynthesizing, followed by near 1otal depletion
of oxygen during the nigh as the plants and ani.
mals use the oxygen faster than it can diffyse
through the air/water nterface; (3) in Ofganic
nich sediments where the bacteriat use of oxygen

sdiments,

It is probable that Many summer or early fall
Gish kills froquently reported in North Carcling
estuarics are associaed wih moming (7 1o 9
Am ) oxygen minima and with the mixing of
walers with surfacs wa.

wouldt:plni:u]ulycvidunifdm
mlccunumamdhydrogenmlﬁde'm
mcboumnms.ltwouldcamcncltmical
ogyamdatunduﬁmdooxyguumdwm
Mixed with the oxygenated waer, The oxygen-
t_hphﬁmumldhequictlyelimimwdbydiffn-
umofoxysmﬁunlhewnosphmmloﬂww-
or and phowosynthesis dyri the day, leavip
clue W the dead fish. g ’ Bno

PH

The inverse logofl.hchydmgmionca'tcm-
M(pmisuseduammmofwacidity
(kassmmT)mdﬂhhniry(pHmlhan
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7) of natyral waters. Seawaler nc_x'mally h35 a
pH of 8.2, which is slightly alkaline. Ftresists
changes in pH primarily through 8 carbonate/bi.
carbonate and jon buffering system. The fresh
walers of coastal plain streams have a pH aver-
aging 5 10 6 (Kuenzler e al. 1977). Small “black
water” streams draining the pocosin swamp for-
ests in Carteret County are naturally extremely
acidic with an average pH of 4.2 (range of 34
5.4), and fresh water draining from developed
land has a pH of near 7 (Kirby-Smith and Barber
1979}. In addition to the effects of fresh water
runoff, pH can also be influenced by the produc-
tivity of the water, Uptake of CO, by plants can
raise the pH while respiration of organisms pro-
duces CO,, lowering the pH. Changes in o,
duc (o productivity and respiration and the asso-
ciated shifts in pH are most noticeable in small
Protecied bodies of waler with slow mixing
{Odum and Heskin 1958).

Figure 12 presents monthly mean pH values
for five starions in the Newport River estuary
(Pinschmidt 1963). The pH of the high salinity
open waters of the estuary is fairly constant with
values of 8 10 8.2. In arcas where salinities are
lowered, the pH begins to drop, reflecting the
additions of more acidic fresh water. In the
freshwater section of the Newport River near
Newpon, the pH varies between 6 and 7. Other
investigations have reported very similar resulls
(Wells 1958, Mohammad 1961, Campbell 1573,
Culliney 1979, Palumbo and Ferguson 1979),
and there is no reason to doubi that pH follows
the same trends throughout the NRES. Diurnal
changes in pH can be cxpected, especially during
wanmes months. Cycles of primary production
and respiration cause increases in CO, at night
and decreases during the day. Thus minimum
PH values would be found in the early morning
and maximum values in the early evening.

Light

usedlnmeasqummityawqmlity of light
asafmctimofwal.u'depth. Secchi depth is de-
@Mgﬂuwmdqthwhichaiiﬂmwhiw
dlxdlsﬂppwsﬁmviewasi(isbwaed
trough the water.

_ haddiﬁonlomcwalcrmolecules.mu'carc
dtssolvedapdparticula:emmialsdmmukin




Figure I2.

Pgiterns in time
and space of pH at
five locations in the
NRES. Data are
monthiy means of
weekly collections
obuined alternaiely
at low and high
tides (from
Pinschmidt 1963 ).
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ids in the freshwater streams entering the NRES
rtmltinwmadmisclearbulhasavu-ydark
yellow color. Thesc streams are often referred 1o
as “black water” because from a distance the
streams appear black. For several days follow-
ing very heavy rainfall and nnoff, it is possible
to sec this discolared water throughout the entire
estary,

The particulate matter that cayses decreased
lightpermtimmistsorawidcsizcmueof
nonliving (silts, clays, organic detritus) and Liv-
ing (bacteria, phytoplankion, zooplankton) mate-
rials. By far the greatest weight of suspended
matrzials is silts and clays (Fisher 1975). How-
cver, during high productivity, increased stand-
ingstocksofphytq:lank:oncanmbs:anﬁallyde~
crease light penetration. Often during the fall
and winter, rapid decreases in water temperature
result in very clear waters, probably as a result of
phytoplankton settling out of the water column,

Rice and Ferguson (1975) point out that the
light entering the NRES varies seasonally with
average iocal noon (meridian) intensities of 87
Klux in the winter (Decemiber - January) and 170
Klux in the summer (May - July). More impor-
tantly for plant production, daylight is longer in
the summer {14 hours 30 minutes) than in the
winter (approximately 10 hours). However, Rice
and Ferguson (1975) go on to state that, within
the water column, turbidity extremes due 1o silt
and plankton have a greater impact on light
availability than does seasonal change,

Near the Beauiort Inlet in the main ships
channel, Suicliffe (1950) measured secchi depths
every two weeks for a two-year period and re-
poried these as extinction coefficients (Extinc-
tion Coefficient = 1.7/Secchi depth in m). At
high tide, he found (recalculated here from ex-
tinction coefficients) a maximum secchi depth of
3.9m (12.1 f1), a minimum depth of 0.55 m (1.8
fi) and an average depth of 2.0 m (6.6 fi). At low
tide these valucs were as follows; a maximum of
3.6 m (11.8 f1), a minimom of 0.76 m (2.5f) and
an average of 1.4 m (4.6 ft).

Pinschmidt (1963) recorded decreasing light
penctration from Beaufort Iniet 10 the headwaters
of the estuary near Newpon (Figure 13). He re-
marked that the greatest nmbidity was associated
with the shallow, open water just downstream
from the Narrows, where the wind, waves and
tides kept the silt in suspension. Pinschmidi
(1963) also remarked that the low light penctra-
tion in the river near Newpon was due 1o dis-
solved reddish-brown humic materials, not 10
suspended particulates. From Figure 13, it is
clear that transparency is greatest during the win-
ter and least during the spring and summer,
probably as a result of decreased phytoplankeon

abundance during the winter. At Station 1 in the
Beaufort Inlet, a second peak in transparency oc-
curred during the early summer of 1961 but was
10t observed at the other starions. This may have
been the result of a predominance of continental
sheif water in the inle1 at that time. It has been
observed that extremely clear Gulf Stmeam-like
waler with associated Sargassum weed some-
times appears in the lower Newpont Rives in the
late spring and early summer. At such times,
light penetration can be at least as great as 4 m
{13 f1) (personal observation).

Williams (1966) reported average extinction
coefficients for two time periods (May to Sep-
tember and September 1o May, 1964-1965) at
number of stations in the NRES Core Sound
{Table 8). Mdam.whic!lmbasedupon 11
samples during the one- year period, have been
recalculated as secchi depths. These values are
similar (o those of Pinschmidt (1963), which
show decreasing light penetration from the inict
10 the headwaters of the esmaries. Williams
noted liule difference between summer and win-
ter values, probably because of the relatively few
samples taken, North River is seen to be very
similar 1 the Newport River in transparency.

Breu (1963) periodically measured secchi
depth along several transects across Bogue
Sound during 3 one-year period. He reported thal
the disc was almost always visible on the bottom,
thus it provided little useful quantitative informa-
tion on water transparency. However, Brett
(1963) qualitatively described the turbidity, stat-
ing that the waler was usually murky or cloudy,
especially during the warmer months. During
the winter, beginning with the onset of cold
weather, the water became clear enough 1o see
shells on the bowom in 8 £ (2.4 m) of water.

Fonseca e1 al. (1985) measured light antenu-
ation coefficients over a 12-month period at two
locations in Back Sound. At Shackleford Shoal,
the average cocfficient was 3.99, equivalent o a
secchi depth of 042 m (1.4 f1). In a Middle
Marsh embayment the average coefficient was
3.26, equivalent (o a secchi depth of 0.32 m (1.0
ft). Except for a consistent increase in water
clarity in the winter, there was no obvious sea-
sonal pattern (o the light extinction.

Sediments

The characieristics of the sediments of an
cshuary are extremely important in determining
the type of biological community that wil] be
found in any particular place. The bottom of the
NRES consists primarily of unconsolidated sedi-
ments with varying mixtures of pebble- and
granule-sized shell fragments (64 mm - 2 mm;
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Table 8.

Mean Secchi depth
as a function of
location in the
NRES (recaiculaied
Jrom Williams 1966;
numbers in
parentheses are his
Station numbers).
Mean depihs are for
a section of the
estuary, not the
depth at the point
sampled.

252 -0.79 in), sand (2 mm - 063 mm; 0.79 -
0.025 in), silt (063 mm - .004 mm; 0.025 -
0.0016 in) and clay (less than 0.004 mm: 0.0016
in). There are man-made hard substrates (jetties,
sea walls, pilings), but except for oyster reefs
there are no natral hard substrates or rock out-
cTops.

Sediments are most frequently described by
measurement of size distribution of particles and
mincral content (mineralogy). In addition, such
Characteristics as roundness, percent cakcium car-
bonate (shell fragment) and pescent Organic mat-
tex are occasionally determined. The particle
size distribution and the percent CTganic maner
are the most important variables that relate to the
biological activity on and within the sediments.

There are 3 number of published reports
dealing with the scdiments of the NRES. Grave
(1901) discussed sedimentation relative to oyster
reefs in the area. Batien (1959, 1962) described
the pattemns of sediment distribution in the vicin-
ity of the Beaufort Inles. Johnson (1959) pub-
lished an exiensive account of the sediments of
the Newport River estuary. This was followed
by a very similar report (Edwards 1961) for sedi-
ments of the North River estuary. Brett {1963)
characierized the sediments along a series of
transects in Bogue Sound. Park (1971) described
the mineralogy of sediments throughout the
NRES. Price et al. (1972) described sediment
size distribution at 10 stations in the NRES. Fol-
ger (1972) provided some information on sedi-
meats in the area. Price et al. (1976) graphically
presented a picture of the size distribution and
organic content of sediments collected along six
transects across the NRES. Chester et al. (1983)
published the same data in tabular form. Thayer
et al. (1980) repont sediment size and organic

content for seven stations in the NRES. Sedi-
ment accumulation rates have been measured in
salt marshes (Williams and Murdock 1972) and
eclgrass beds (Thayer and LaCroix 1974).
Changes in sediment composition in areas adja-
ceat 1o maintenance dredging activities were ex-
amined by Thayer et al. (1974). Klavans (1983)
surnmarized what is known about sediment
transport in and around Beaufort Inlet, He dis-
cussed in detail sediment movement in response
10 tidal currents in thay anca, Fonseca et al.
(1985) measured sediment flux raies over a 50-
day period at eight sites in and near Middle
Marsh at the mouth of North River.

The most complete description of the surfi-
cial sediments in the NRES is that of Johnson
(1959). He used qualitative MICTOSCOPic exami-
nation 1o (gross lithology) describe 184 samples
from throughout the Newport River esmary, The
results of this investigation (Figure 14) show
that, in general, the farther away from the inlet
and the more protected the habital, the finer the
sediments. Silt and clay sediments dominate
only in the middle or deeper ponion of the upper
¢stuary and in the protecied salt marsh creeks.
In addition, there is a very extensive intertidal
and subtidal mud bottom at the mouth of the
Narrows that is predominately silt/clay. Johnson
(1959), Price et al. (1976) and Chester et al.
(1983) have reported somewhat sandy sedimenits
in the shallower areas bordering the north and
soumshu'esoftheuppu-panofthcesmry.
This is probably due 1o erosion of the land and
wave resuspension and removal of silis and
clays. Sediments under the open waters in the
middle and lower part of the estuary are all sand.
Johnson (1959) performed a quantitative size
analysis on 63 of his samples; calculated the per-

Location MeanSecchi Depth(M) MeanWater
May-Sept. Sept.-May Depth (M)
Newport River
Upper  (2) 0.20 0.29 0.7
Middle (3) 0.65 0.77 1.0
Middle (4) 1.21 142 09
Lower  {6+8) 1.70 1.55 41
Bogue Sound
East End (7) 1.70 142 15
North River
Upper (11} 0.53 0.65 0.6
Middie (13) 0.94 1.00 0.7
Middle (14) 1.21 142 0.9
Lower (15) 142 142 1.6
4D




Figure 14.

Gross lithology of
the sediments of the
Newport River
eswuary (from
Johnson, 1959).

GROSS LITHOLOGY
NEWPORT RIVER ESTUARY

[+] I mile

SI_TY DLAY
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23] 5c6HTLY CLAYEY, ARENACEOUS SAND
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VERY FINE TO FINE WELL SORTED. CLEAN SAND
FINE TO COARSE. MEDIUM SORTED, CLEAN SaND
-4 1
o ORGANIC REEF |

cent sand, silt and clay; and produced a map sediments had a strong positive correlation with
showing the distribution of thesc sediments (Fig- sil/clay content and an equally strong negative
ure 15). These data provide a quantitative con- cormelation with percent sand. Osganic carbon is
firmation of the qualitative observation of gross usually ahout S0 peroent of organic maney. In
lithology. the uppes part of the esary, OFganic matter

On their six transects of the NRES, Price et mgadﬁunlpuwnrmﬂ\esluemmpa-
al. (1976 and Chester ez al. (1983) found a simi- cent in the doeper walers in the center of this sec-
lar patiem in size distribution of sediments as did tion Ckgmicwbmvaluﬁmmﬁunmuun

Johnson (1959). They reported that the sedi- 1 percent to greater than & percent in the same
ments of the estuary were characterized by well area. In the middic and lower part of the eswary
sarted., fine grained particles with a maximum (uocptCalicoC&eck).m'dmnmdthcmdi-
diameter of 0.25 w 0.50 mm (0.099-0.197 in; ment averaged 90.6 percent (ange: 81%-93%),
fine 1o medium sand). The upper estuary and silt averaged 3.5percent and clay averaged 5.9
Calico Creek have areas with high silt/clay con- percent. Organic matier nd organic carbon con-
tent in some of the samples. In these muddy 1ent were low, averaging 0.7 percent and 0.4 pes-
sediments, sand averaged 51 percent (range: 16 cent respecuvely-

percent 1o 92 pescent), silt averaged 38 percent According to Johnson (1959). the calcium
(range: 3 percent to 68 percent) and clay aver- carbonate content of the sediments in the NRES
aged 11 percent (range: 5 percent 10 14 percent). mngedmo.ll)puw‘lmlmm(man

Organic matter and organic carbon content of the oyster reef). Half of his sampies had less than 1
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Figure I5.

Mean grain size of
sedimenis of the
Newpori River
estuary {from
Johknson, 1959).

SEDIMENT DISTRIBUTION

NEWPORT RIVER ESTuARY

P
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™ OYSTER REEF

MOREHE AD

34%4%

puwntcalcimncmmcmdom%pmem
hndlcssllunﬁmcnlcalcimncalbonalc. A)-
though not sampled by Johnson (1959) or others,
Ummanmnbuofamasind\ebouomsofthc
deepachumelsinﬂcbwupanofwmm
where large accumulations of very coarse shell
oocur(pmaumbm:mn)‘mcsmdlsmbu-
ﬁmhdﬂemhsnmmdaumm.bm
mmyof&lcshallmdslwllfmgmmmmscmal
centimeters acToss, These subtidal shell reafs are
fonmdbyﬁdalwmorgasmpodmwe-
cypodslnusmmnulmmundmmdsm
mbptfreeofﬁmrwdimcmsbymesumg
tidal currents. '!'heshellsmconﬁnuwslyde-
su'oyedbymebu-ingactiviliwof algae, sponges
andbiva!vmsommlhe:cmuslbeaconﬁnuous
resupply of fresh shell 1o maintain these recfs.
Edwards (1961) collected 265 sediment
samplesﬁomlthorthR.ivcrcsnmy. His de-
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lailcdanalyscsyieldedmsuhsthatwmvcry
similar to those of Johnson (1 959}, suggesting
that the North River and Newpon River estuaries
are very similar sedimentary environments. A
map (Figure 16) of sediment size distributions
supports this conclusion,

The sediments of Bogue Sound have not
bocen as extensively smdied as those of the
NRES. Brett's (1963) data suggest that most of
the central and easter end of the sound is cov-
ered with fine to medium sand with kess than 1
percent organic matter,

Johnson (1959), Edwards (1961), Brett
(1963) and Park (1971) examined the mineralogy
of the clay size sediment particles from the
NRES. Johnson (1959) reported finding only il-
lite. and chlarite. Edwards (1961) reported illite,
chlorite and quartz, but Bren (1963) reponed
Quartz, kaolinite and illite as the most important



Figure 16.

Gross lithology of
sediments of the
North River
estuary { from
Edwards, 1961).
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Yable 9.

The depth of
sediment
accumulated in salt
marshes over the
nonmarsh base as a
Junction of location
within the estuary
{Williams and
Murdock, 1972).

minerals (in thal order). Park (1971 said that il-
lise was the most abundant mineral. The miner-
alogy of the sands differs considerably from that
of clays. In analyzing the mineralogy of 12 sand
samples from the NRES, Johnson (1959) found
that quartz (93.6 percent), plagioclase (3.5 per-
cent), and feldspar (2.9 percent) made up the
tight mineral portion of the samples. The heavy
minerals were bess than 1 percent of the total
sand fraction. Imenite, rutile and zircon were
the chief heavy minezals. Traces of monazite,
apatite, serpentine and homn blende were also
jresent Johnson {1959) reported a decrease in
itlite scaward. He atributed this 1o the increased
transportation time due to the greater specific
gravity for this mineral compared to rutile and
zircon. Similar results for sands and heavy min-
erals were reporied by Edwards (1961,

Johnson (1959) discussed the source and
transport of sediments within the NRES. He
says that most of the maierial contributed by the
small rivers and crecks is in the silyclay size
range because of the low gradient of the coastal
plain. The sediment accumulated at the mouth of
the Newport River (Narrows) is silt, clayey silt,
sandy sift and silty sand  There have been no
studies of sedimen input from the river that
might be due 1o the “salting™ out or flocculation
of clay-sized particles. However, Hanson and
Crumley (1980) discuss the formation of iron-
rich arganic particles that are created as fresh and
salt waler mix and are incorporated into sedi-
ments. Johnson (1959) suggesis that most of the
sand originated in the sea with some coming
from erasion of adjacent sand “cliffs” and by
wind transport. Sediments are distributed by the
waves and tide- gencrated currents, and the size
distribution is directly correlated with the local
hydrodynamic regime: the stronger the currents
the coarser the sediments. Edwards (1961) states
that most of the sediments of the NRES consist
of reworked Plieswcene deposits with some ma-
terial brought into the estuary from streams, tidal
curents and winds. Shells, Foraminifera and
plant debris make up the component of these
sediments which were formed within the estuary.

Wolfe 1 al. (1973) estimated the rate of

sedimentation in the NRES as varying between 1
and 4 mm/yr (0,039 - 0.173 infyr), with the
grealer rate occurring in the upper estuary near
the Narrows. According to Evans (1977), this
rate is close (o the rate of sca level rise of 2.5 o
3.5 mm/yr (0.99 - 1.38 in/yr) along this coast
during the lasi 30 years. Evans further states that
this would explain the lack of significant change
in depth profiles in the upper estuary over the
past 100 years seen when comparing charts of
the area from 1870 and 1968. Williams and
Murdock (1972) examined sedimentation rates in
salt marshes on 45 transects (260 stations) in the
NRES and adjacent Core Sound. They placed
sediment collectors on the surface of the marsh
and collected these one year later. Two hundred
six samples were recovered and the mean rate of
sedimentation calculated (o be 1,36 kg dry matter
per meter squared per year (2.52 Ibfydiyr). The
range in values was 0.01 kg/m?yr - 30.4 kg/m*yr
(0.019 - 56.4 Ityyd?yr) with two-thirds of the sta-
tions having rates less than 1.00 kg/m?yr (1.86
Ibfyd®yr). The rates fit a lognormal distribution.
Rates were greatest in the low marsh and de-
creased wowards the high marsh. Sedimentation
tales greater than 5.0 kg/m2yr (9.28 Ibfydiyr)
were said 10 be atypical for the estuary as a
whole, with the highest rates only observed at the
mouth of the Newpon River (Narrows) and near
areas that were dredged during the study. The
sediment deposited in the lower marsh was
mainly mineral (inorganic silt and clay). The or-
ganic content increased in the higher parts of the
marsh. Using a graduated steel rod, Williams
and Murdock (1972} also estimated the depth of
marsh sediments over the non-marsh base.

These results (Table 9) suggest that the rate of
sedimentation is greatest at the headwaters of the
estuary and decreases as you approach the sea,
even in protecied environmenis,

Fonseca et al. (1985) examined sediment
flux rates at eight sites in and near Middle Marsh
during an experimental seagrass planting projeci.
Values ranged from no flux at a protected site 1o
a maximum of 0.661 cm/day (0260 inyday) on
the deeper portion of the eastem half of a shoal
berween Middle Marsh and Shackleford Bariks,

Type Area Number of Depth of Sediment (cm)
Stations Avg. Min, Max.
Outer Banks 100 62 10 95
Intermediate 69 99 20 +200
Stream Mouth 58 148 20 +200
Total 227 95 10 4200




Thayer and LaCroix (1974) smdied the in-
fluence of eclgrass (Zosiera marina) on sediment
deposition, using a iechnique similar 10 Williams
and Murdock (1972). They placed their taps in
fronit of, within and behind an eelgrass bed lo-
cated on the south side of Phillips Island. Sedi-
ment accumulation rates were highly variable
and ranged from 1 10 57 mm/yr (0.039 - 2.25 in/
y) during the winier and spring and from nega-
tive to 78 mmAyr (3.07 infyr) during the summer
and fall. Rases averaged 5 mm/yr (1.97 infyt}in
front of the grass bed, 23 mavyr (0.91 inyr)
within the bed and 33 mm/y (1.30 in/yr) behind
the bed in an area berween the bed and the is-
land. The average for the whole embayment was
20 mmyyr (0.79 invyr). They said thal their val-
ues were much higher than those reported for
open essuaries (1 mm/yr -4 mm/yr; 0.039 - 0.158
infyr). Fonsecaetal. (1985) found increases in
sediment height of 32 mm (1.26 in) in 234 days
and 34 mm {1.34 in) in 424 days following the
transplantation of eclgrass onto 2 shoal in Back
Sound near Shackleford Banks.

Thayer et al. (1974) suudicd the changes in
sediment characteristics due to mainienance
dredging along a transect that crossed a channel
in the Intracoastal Waterway in the lower NRES.
They found a decrease in percent silt, clay, or-
ganicmanwandorga:ﬁccarbonand an increase
in percent sand. They atiributed these changes to
the winnowing of silts ar clays from the dis-
nrbed material, thus leaving only the fine sands
10 setile on the adjacent undredged bouom.

Trace Metals

The distribution, abundance and cycling of
some trace melals have been investigaied in the
NRES because of the importance of meals as
micronutrients (iron, zinc, copper, manganese)
and because of their potential or actual toxicity
(copper. mercury, chromium, cadmium, zinc,
lead). Most of our knowledge is the result of re-
search done at the NMFS laboratory over the
past 25 years. This work began as an effort 10
understand the faie of radioisotopes of mezals in
the estuarine ecosystem and continued as a sdy
of the Mux, bicavailability and toxicity of race
metals in esmarine and coastal waters. This re-
search has provided a wealth of information on
the rescrvoirs of metals (particularly tron, man-
gancse, copper and zinc) throughout the estuar-
ine water, sediments and organisms. In addition,
there have been several processes-oriented proj-
ects and effors 1 model flaxes of metals in the
natural environment

“The concentration of trace metals in the wa-
wer of the NRES has been discussed in detail.

Willis (1962) reporied 2 zine concentration of
approximately 10 pg/t (parts per billion) and
Williams et al. (1964) measured zinc concentra-
sions of 2000 ugA to 14 ugfl. Cross et al. (1969,
1970) measured the concentration of iron, man-
gxnesenndzincinmﬁhaedseawmermdfmmd
that iron and manganese decreased in concentra-
tion £rom the headwaters of the estuary 1o the
sca. In their sampies, mangancse had mean val-
ueswmichdocmsedfrmnmm3.3ugn.with
iron decreasing from 300 to 39 ug/l. The con-
centration of zinc remained relanively constant,
0.6 w0 0.8 ug/l. They found significant temporal
fluctuations, but they were not related 1o tem-
perapre OF season. Evans (1977) presenicd data
on concentrations of iron, mangancse, Copper
uﬁzimmﬁlluedmwalﬂ'mmmdaws(&-
wber.Feh-wy.April)almgauansectﬁm:x-
tended from the headwaters of the estuary to Piv-
ers Island. He observed an increase in manga-
nese from an average of 8 ug/t in the river to 15
mzoug:‘lmtheupperesumyfollowedbyadc-
crease 1o 2 pgh at Pivers Istand. He obscrved 2
dramatic decrease in dissolved iron in the river
water (approximately 250 jg/l) as it mixed with
seawater in the estuary, probably due o floccula-
tion (particle formation}. Hanson and Crumiey
(1980) reported the same behavior of dissolved
iron in the NRES. According to Evans (1977),
this behavior of dissolved iron when it reaches
seawater had been almost universally reponed
and therefore was not surprising. Copper had a
low concentration in the rives (1 pg) followed
in the upper esary either by an increase 10 ap-
proximately 5 pgl or by a gradual decrease.
Coppercomcnu'aﬁmsinﬂ\clowcsumwm
Jess than 1 pg/l. Dissolved zinc behaved simi-
laﬂymcoppcrwimﬁvercamtmﬁomoflm2
ug(lmdalowermaryvalmoflcssmanlugﬂ
Evans(l977)alsocmhedﬂ\cwspended par-
ticulate fraction for trace metals. Particulate
mangmcscmmsedfrmlmsﬂmnlm4pg}g
(pampermillion)drymaﬂainu\erivu'tnap-
pmxima:elysnolﬁuygindcmid-my.de-
creasing again 10 less than 4 g/l in the lower es-
twary. He found the concentration of particulate
iron to be about 40 mg/g throughout the csaary.
Particulate copper was approximately 17 ug/g
and particulate zinc approximately 100 ug/g.
HmmﬂCnnnhy(i‘)ﬁ(})rmwdmenﬁoof
wﬁculatetodissdved'nmimmsedﬁuno.ﬂ
in the river to 97 in the lower cstuary.

The concentration of trace metals in sedi-
ments of the NRES has been the subject of sev-
eral reports, Williams et al. (1964) reported zinc
concentrations of 1.4 to 7.0 pg/g dry sediment.
He said that this sediment zinc represented 93
percent of the exchangeable zinc and that this



sedifment zinc buffered changes in zinc in the
water. Cross e1al. (1969, 1970) measured iron,
manganese and zinc in sediment at three loca-
tions:; fresh walez, upper estuary and lower estu-
ary. They found concentrations of iron from
near 4000 Jag/g 10 less than 100 pg/g. fronin
sediments increased from sand to mud and in-
creased with a decrease in salinity and an in-
crease in partcie size. Manganese concentra-
tions ranged from less than 10 ug/g 1 200 Hg/g
with the same pattern of distribution as iron.
Zinc values ranged from less than 1 yg/g to 30
ug/g. The highest values were associaed with
mud and fresh water. Upper and lower estuarine
sediments had lower concentrations and these
were similar to cach other. The concentrations
of all trace metals fluctuated through tme but
with no seasonal (temperature) patiern. Whaling
et al. (1977) analyzed sediment samples col-
lecied on several occasions over a five-year pe-
riod in transects up two tidal creeks in the NRES.
Calico Creek, located just north of Morchead
City, reccives the effluent from secondary treated
sewage, but Turmer Creek, located on the west
side of the North River just north of Beaufort,
does not receive cfflucnt from a treatment plant.
They give several sets of results that differ from
each other depending upon the date of collection.
As an example of their data, the mean values for
the concentration of metals in 20 sediment
samples taken in May 1974 along a ransect up
the creeks were as follows: for Calico Creck—
(ug/g dry weight) mercury 0.46, cadmium 1.1,
chromium 26, copper 36, iron 14300, lead 42,
manganese 69 and zinc 155; for Tuner Creek—
mescury 0.09, cadmium 0.5, chromium 9, copper
11, iron 7800, lead 16, manganese 18 and zinc
105. Wolfe et al. (1975, 1976} studied the distri-
bution of trace metals in sediments from an
ecigrass bed at Phillips Island. They found an
average of 17 gg manganese, 2125 pg/g iron, 2.5
ug/g copper and 9.75 ug/g zinc, They also sepa-
rated the sediment into size fractions with sieves
and found that the concentration of metals
greatly increased with decreasing sediment size.
All these data emphasize the importance of loca-
1ion and sediment characteristics in trace metal
content

Trace metal concentrations have been re-
poried for a number of organisms inhabiting the
Newport River estuary. These include algae
(Wolfe et ak. 1975, 1976; Gutknecht 1964),
eelgrass (Drifmeyer 1980:; Drifmeyer & al. 1977,
1978, 1980, Wolfe et al. 1975, 1976), marsh
grasses (Williams and Murdoch 1969 Ustach
1969; Whaling &t al. 1977; Drifmeyer 1980;
Drifmeyer et al. 1980; Drifmeyer and Redd
1981; Drifmeyer and Rublet 1981). nementina

46

(Wolfe et al. 1975, 1976), polychacta {Cross et
al. 1970), gastropoda (Wolfe et al. 1975, 1976;
Whaling et al. 1977), bivalves (Willis 1962,
Wolfe &1 al. 1969, 1975, 1976; Wolfe 1970;
Cross et al. 1972; Whating etal, 1977, Willis and
Jones 1977; Willis and Bargh 1978), amphipnda
(Wolfe et al. 1975, 1976). decapoda (Willis
1962; Wolfe et al. 1975, 1976), echinodermald
(Wolfe et al. 1975, 1976, Drifmeyer 1980), tuni-
cata (Wolfe et al. 1975, 1976), fish (Cross and
Brooks 1970, 1973; Cross etal. 1971, 1973,
1974; Willis 1962; Wolfe et al. 1975. 1976) and
birds (Hardy et al. 1973).

The concentrations of essential race metals
(Mn, Fe, Cu, and Zn) in the major organisms of
the celgrass commurnty (Wolfe et al. 1975,
1976) provide an example of what is known of
Wabm\damofmcsemﬂalsinﬂcbiotaofuw
NRES. In general, the sequence in concentraton
from higher 1o lower was iron, manganese, Zinc
and copper. Copper and zinc had the least vari-
ability within and among different groups of or-
ganisms while iron and manganése concentra-
tions were much more variable. Sediments had
concentrations of these metals somewhat similar
to those in the organisms. In general, the finer
the sediment the greater the metals concentra-
ton.

Some of the trace metal studies in the New-
pon River estuary have involved studies or est-
mates of fluxes and transport processes in the
field. Williams et al. (1964) found thas there was
a rapid exchange of zinc berween the sediment
and water that involved sediment and microor-
ganisms. The rate of exchange was higher at
higher iemperatures. Evans (1977) and Evans el
al. (1977) found that the concentration of dis-
solved manganese in the estuary where the salin-
itywas4m14pptwasincxczmofwhalwwld
be predicied based upon a conservative mixing
of freshwater and scawater. They suggested that
dissolved manganese becomes fixed to particles
in the lower estuary and that these particles are
remmed up the estuary on the bottom where
some of the manganese is reduced and dissolved
from particles and put back into solution. Sand-
ers (1975, 1978) found a similar phenomenon in
Calico Creek where dissolved mangansse was
higher than could be predicted based upon con-
servative mixing. His dats indicated that distar-
bance of the sediment probably accounted for
most of the flux into the water column.

The potential biological availability of cop-
per and cadmium in the Newport River was in-
vestigated by Sunda and Lewis (1976). They
found that 98 10 99 percent of the copper in the
river is bound 10 complexing ligands, protably to
the humic and/or fulvic acids dissolved in the



water. Because this binding increases with in-
creasing pH but decreases with increasing salin-
ityanddecxeasingdjssolvedorganicnmw.lhc
availability of unbound copper (biclogically a-
tive) is complex (Sunda and Lewis 1977). Cad-
miumisboundtoammhlwsaemmﬂmwp-
per. Sunda eial. (1978) and Sunda and Lewis
(19‘.'9)omfn1nedﬂutcoppawasbomdwu'-
ganiclipndsml.heNewponRivu'. They dis-
cmsthetwomostdnemiunydiﬂum:mmsof
fresh waler eniering the rivez. One source of wa-
Hisnmoﬁ'ﬁommehndmuughwfaccsoﬂs.
nuis;rodmesmwimhwpl-l.ahighmncm-
wration of dissolved organic matter and a low
concentration of calcium and magnesium. The
other source of water is groundwater SoCpage
from deeper in the soils. Tt has near neawral pH,
Jow concentration of dissolved organics and high
cancentration of calcium and magnesium. They
developcdthchypo!hesisﬂmeowcrinﬂwsw»
face waters is kept from being complexed with
meorganicrnanerbythelowpl-l. As this water
isbuffuadinmcriva,thcpﬂrisesandlhccop-
per complexes with the dissolved organic matier.
Asmcgmundwamrsccpagcdilmesthesmace
runof , the concentration of dissolved Organic
matier is diluted and the complexation of the
copper levels off. Evans {(1977) noted some in-
crease in dissolved coppes (at times) in the lower
salinity part of the estuary. He suggested that re-
suspension of sediments might cause a release of
copper in pore Walers in the upper estuary. Han-
son and Crumley (1980) found that dissolved
i:onmﬁ\cﬁeshwmerofmeNcwwRivahad
a very srong non-conservative gecrease upon
reaching the lower river and the upper estuary,
even though the salinity was stll 0 ppL The ratio
ofparﬁculalctodissolvedirwinuusodﬁom
0.45 1097 in a scaward direction. The dissolved
iron in the river is probably mostly colloidal fer-
ric oxide associated with the dissotved organic
matier. In the lower river and upper estuary, this
material flocculates (forms aggregated particu-
late matter), producing an iron-rich panicle that
can sediment out. This flocculation could be due
mchat\gingctmrﬁs:ryinﬂmlowﬁmmd}u
t0 microbial particle building.

Changes in trace metal concentration
huuhﬁnmuﬂm!ﬂvcbemcmminedin
mxshgmeelmmdsewﬂmnism&
William and Murdoch (1969) found that the con-
centrations of zinc, mangancse and won in-
creased in dead Spartina alternifiora compared
1o living plants. Drifmeyer (1980) and
Drifmeyerelal.(l%l)notedminoon-
centrasion and 1otal amounts of trace metals
(manganese, iron, copper and Zinc) as the de-
composition of Sparting alterns ra progressed-

47

They found thai bacteria were not responsible: fof
the increase in metals, but they were not able 10
rule out the influence of other microorganisms
(yeasts, fungi and algas). Drifmeyer et al. (1977,
1978, 1980a,b) investigated the cycling of trace
metals (manganese, iron, coppez and zinc) in
eelgrass, Zostera maring. Based upon their re-
sults and those of Drifimeyer (1980) on mesals in
the sea urchin, Lylechinus variegatus, it was con-
cluded that direct herbivory was not a significant
route of mesal transfer within the community and
that metal flux out of the community via the ¢~
post of particulate dead and Live eelgrass was ex-
remely impuwnt.ocyclinginutmmimsys-
tem. Eclgrass growth, senescence and decompo-
sition represent the most significant part of the
biological cycling of these metals in the eclgrass
ecosystem., Cross eral. {1971} examined
changes in trace metals (mangarese, iron, and
zinc) in young estuarine fish during thewr period
of most rapid growth, They examined juvenile
croaker (Micropogon undulatus), spot {Leios-
tomus xanfuirus), pinfish (Lagodon rhomboi-
des), ban anchovy (Anchoa mitchilli) and Adan-
tic menhaden (Brevoortia fyrannus), five fish
which constitute over 90 percent of the juvenile
fish in the NRES (Tumer e1al. 1971; Tumer and
Johnson 1973). They found that the concentra-
tion of all three metals decreased with increasing
size (age), CXCEPL MANgANese in the anchovy (no
change) and manganese in the menhaden {in-
creased). Cross ct al. (1974) examined the flux
of manganese, iron, coppes and zinc in wotal
populationsol‘memadcn.spotmdpilfﬁmthc
estary for the summer months (Table 10).
These data indicate that, except for copper in
pmﬁshﬂuusvcrylowassnnﬂanon of iron,
manganese and copper by the fish, but a large
flux of these metals through ingestion and eges-
tion. This flux is probably important in that fish
feces are incorporated into surface sediments
where they may be ingested by deposit feeding
animals. Thus, these fish are an effcctive means
of keeping these metals cycling within the estu-
my.bmmmtsigrﬁﬁcamin the export of metals
out of the estuary. There is a substantial assimi-
lation of ingested zinc by menhaden and pinfish
and of ingested coppes by pinfish. Significant
quantities of these metals can thus be transported
through the estuary and the coastal waleTs as
these fish migrate.

There have been two attempts 0 model the
flux of trace metals in the Newport River ecosys-




Table 10,

The flux of race
metals through
populations of
Juvenile fish in the
Newport River
estuary during
summer months
{Cross et al., 1974).
I=ingestion,
A=assimilation and
E=megestion.

Table 11,

Mass balance (Kg/
yr) of rrace meials
in the Newpori
River estuary
{Jennings et al.,
1970).

EsL Pop. Menhaden Spot Pinfish
1.8 x 17 28x 100 09x 107
Zinc I 83 950 32
(g/day) A 30 20 6
E 53 930 26
Iron I 17,000 39,000 2,200
(g/day) A 170 120 13
E 16,830 38,880 2.187
Minganese 1 200 810 21
(g/day) A 6 6 1.5
E 194 804 19.5
Copper 1 18 140 13
(g/day) A 16 14 0.4
E 164 139.6 09

todal flushing, biological export and commercial
fishing. Covering a onc-year period {(November
1967 - Ociober 1968), tables of data are pre-
sented that include total import and expon of
metals in walter, expont in commercially har-
vesied species and export by emigration of spe-
cics. Their mass balance (Table 11) suggests
that biological exports are insignificant com-
parcd (o those due 1o physical processes. They
did not include impons in seawater and organ-
isms or from sediments that might be entering
via the river. In a series of publications, Wolfe
(1974a.b, 1975) and Wolfe et al. (1973) exam-
ined reservoirs and fluxes of manganese, iron
and zinc in the biological and physical compo-
nents of the estuary. Figure 17 (redrawn from
Wolfe ei al. 1973, Welfe 1975) shows that the
largest reservoirs and fluxes of metals involve
the sediments, water and Sparting, with small
reservoirs and fluxes in the other biota. Wolfe et
al. (1973) and Wolfe (1975) describe the cycle of
zinc more detail than that of the other metals,
particularly with reference 10 various biotic com-
ponents. They suggest that the biological cy-
cling of zinc in the estuary is not closely tied o
the sediment/fwater reservoirs and fluxes. They
funther discuss the problems with using the

model 10 predicl the fates and effects of an acuie
release of zine into the natural environment.

This discussion is especially useful in predicting
the behavior, upon acute release, of many materi-
als in the estuary.

Nutrients

As defined here nutrients are materials dis-
solved in seawater that are necessary for the pri-
mary productvity of plants. Nutrients include
inorganic and organic compounds that (e.g. car-
bon dioxide) occur in such abundance that their
availahility seldom lisits primary productivity.
The materials most frequently stadied as poten-
tially limiting to productivity in estuaries are jons
and compounds of nitrogen (nitrate, nitrite, am-
monia, urea, primary amines}, phosphorus
{orthphosphaiz, organic phosphate) and silicon
(silicate ion). Dissolved nitrogen and phosphorus
are noeded by all plants and silicon is also
needed by diatoms, the most dominant phyto-
plankion group in the lower NRES, In general,
the elements are rapidly cycled within the oco-
system doe o excretion by animals and decom-

The concentration of nutrients in the NRES

. Tron  _ Manganescs = Zing

Import  Expost Import  Expon Import  Export
Water 53,200 15800 3480 1410 112 106
Biota - 14 - 4 — 10
Sediment — 134,000 — 1,750 — 440
Total 53,200 149,800 3480 3,160 112 556




Figure 17.

Mode! of fluxes of
manganese (Mn},
iron (Fe) and zinc
(Zn) in the Newport
River estuary.
Units in boxes are
mgim? and on
arrows are mgint'!
yr. Sediment is
limited to top two
centimeters. Total
areais 31 kn?’, and
depthisl.3m
(from Wolfe, 1975).
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is variable in time and space. In a discussion of NRES('mayul%Si)wr,low.mggmingﬂm
the studies of Calico Creek, Sanders and phymplanlczmwoductivityisalmysnmriem-
Kuenzler (1979) summarized nutrient data avail- limited in this system.
able from Thayer (1965) for the Newport River Smith (1976}rrmn'edammoniamd urea
estuary and from Campbell (1973) for Gales (a form of organic nigogen) concenirations at
&aek.'l‘lmdsm(’l‘ablcn}mﬂmc:lioo tﬁghmmdbwﬁdcsﬁml9?3ml974m?ivers
(‘mek,wichmcivescmwmﬁomwm Island. Average ammOnia CONCENtration was ap-
head City Sewage Treaiment Plant, has relatively proximately 1 pig.at N/ (range: near 0010328
high (non-limiting} concentrations of phosphorus ug.atNﬂ)mdavmsemoommmﬁmwas
andninogmGakskaisasmallmmoﬁ i y2ugmNﬂ(ranganw0w3.25
ms«mmmsimﬁeshwmmmm pg-at NA). She suggested that urea may be. a sig-
drainage from the Croatan Forest Nitrogen con- nificant form of nitrogen available to phylo-
centrations in Gales Creek (Campbell 1973) in the estuary.
were moderate, and phosphate values were low. Thayer (1971) compared average nutrient
However, the atomic ratios of nitrogen o phos- concentrations in three areas of the NRES: the
pharus would still suggest a nitrogen-limited sys- freshwater of the Newport River, the Newpornt
tem. Average nutrient concentrations for the River estuary and North River (Table 13). Nutri-




Tabie 12.
Nutrient
concentralion
(ig.atil) during
warm (May—0ct.)
and cool (Nov—
Apr.} periods for
three areas in the
NRES. Walues are
means and ranges
with "nd"=not
detectable (from
Sanders and
Kuenzler, 1979).

Table 13.

Awverage auirient
concentrasions (um/i)
in three areas of the
NRES. Warm=May io
Sept.. cool=Sept. io
May, DIP=dissolved
inorganic phosphate.
DOP=dissolved
organic phosphorus,
PP=particulate
phosphorus.
Phosphorus is the
annual average.
{From Thayer, 1971.)

Table. 14

Nutriemt concen-
trations (Wmim) in a
narural swamp stream
and the headwaters of
the North River
recorded between
Feb.1975 and Sept.
1976. "ad"=not
detected. (Kirby-Smith
and Barber, 1979).

J—

Nitrate Ammonia Phosphate
_F__#_F________r____ﬂ___ﬂ___________._ﬁ___
i S d Kuenzler 1979}
Cﬂﬁ;’““ andefs an S pois 11 (028 15 (546
Gales Creck (Cam bell 1973}
wfm (camp 15 (nd=7) 21 (nd—8) 04 (05—9)
Cool 0.6 (nd—43) 3.6 (nd—19) 0.3 (05—9
Newport River estuary (Thayer 1969)
Warm 0.3 (nd_-.'l) 04 (nd—1.3) 03 (0—D7
Cool 04 (nd—2.1) 0.5 (nd—3.7) 0.3 (2—1.5)
Newport River North River
Fresh water Estuary Esmuary
warm Cool warm Cool Wwarmm Cool
Nitrate 04 04 0.2 03 0.5 0.3
Nitnie 008 003 006 001 001 001
Ammonia 0.7 08 05 06 0s 03
Touwal Aval. N 12 1.2 07 09 1.0 06
DIP 09 0.3 02
DOP 04 04 0.3
PP 02 0.3 0.2

ent concentration in all throe areas was low to
moderate with slightly higher values in the fresh-
waler arca. Nitrogen 1o phospharus ratios were
genex’a.llylessmana.mdicaﬁnganimgm limni-
tation on productivity.

Kirby-Smith and Barber (1979) found rela-
tvely high nutrient concentrations in freshwater
nmot from developed land into the headwaters
of the North Rivez, but namral swamp forest
drainage had very low concentrations of phos-
phmxsmdnimgm("l‘ablc 14). These data om
nmogmmﬂmimmwmgpopuh-
tion and development has increased around the

stantially, even though concentrations in the
opencsmarinewatusmnainlow enough that
phytoplankion productivity would be almost al-
ways nutrient-limited.

There are few data available on the concen-
tration of siticon, probably because concenta-
tions are so high that there is no indication that
they would ever limit diatom production. Rosen-
berg (1981) reponed concentrations of siticon of
10 to 20 pg.at Sifl in a diel sudy at Pivers Island.
Kirby-Smith and Barber {1979) measured sili-
cate on two 0oCasions in natural swamp stream
waters and the headwakers of the North River
and repoaned valnes greater than 90 pg.at Sil.

Mean Range N

—

North River (Headwatess)
Mean Range N

Natural Stream
Phosphate 038 nd—
Nitraie 033 nd—
Ammonia 195 nd—

083 30 052 nd— 3.1835
123 25 573 nd— 383 33
109 1 465 nd— 185 30

)
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Data available on geasonal pariems of nutri-
ent concentrations suggest that, in general, there
15 not a great difference in levels of phosphorus
and nitrogen during the warmer months than dur-
ing the coider months (Table 14). Thayer (1971)
found shat phosphorus and nitrate concentrations
did have peaks in the late spring and early sum-
mer and that ammonia peaked in the lawe spring/
early summer and again in the kne fall. Rosen-
berg (1981) examined both dicl and seasonal
changes in nutrient concentrations in waler
pumped from the Beaufort channel at Pivers Is-
land. Seasonal pagemns and concentrations were
similar 1o those of Thayer (1971) excepi that
ammonia was four times as concentrated. Simul-
taneous measurements al the pump intake and in
the cutflow of the seawaler system showed that
this ammonia was generatzd in the seawalter sys-
tem, possibly as a result of excretion by fouling
organisms within the pipes. In his diel studies,
Rosenberg {1981) found that nitrate, nitrit and
silicate showed litile variability over a 48-hour
period, but the concentration of ammonia, pri-
mary amines (an organic form of dissolved niuo-
gen) and phosphate increased during the night
and decreased during the day (Figure 18). He at-
tributed the increase at night to an increased rate
of zooplankion excretion as they grazed on
phytoplankton, coupled with a decrease in pri-
mary productivity (no light}. The decrease in the
day was atibuted to rapid primary productvity,
resulting in rapid uptake of those nutrients regen-
erated during the might Chlorophyll g estimates
of phytoplankion biomass supponed this inier-

From 1982 to 1983, J. Ramus and his st:-
dents at the Duke University Marine Labaratory
investigated the nutrient and phytoplankion dy-
namics of the Newport River estuary by sam-
pling a station in the middle of the estuary (north
of Crab Point) every hour for two weeks on 8
seasonal basis. Litaker and Ramus (1983) reporn
a strong tidal component in nutrient concenira-
tions and phytoptankton abundance, with high
valpes associated with low salinities and low val-
ues with high salinities. In addition, Litaker et
al. (in press) observed the strong diel variability
mvimslynoledbykoscntxxg(l?ﬂ]). Ammo-
nium concentrations reached a maximum greater
than 2 pg-atA scversl bours after dawn and a
minimum of less than 0.5 jg-atl in the carly af-
wemoon, Chlorophyll 3 concentrations were

in the afizrnoon with a mean of 22 jigfl
and lowest around dawn with 3 mean of 12 pg/l.
The changes were due to zooplankion graxing
and phytoplankion growth, daia which suggesi
that biological faciors are extremely important in
controlling primary productivity through the
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process of rapid NuUrient regeneratnon.

Nutrient concentrations in pore waters of
sediments in the Newport River estuary have
been investigated, particularly in relation to
eclgrass beds. Kenworthy (1981), Kenworthy et
al. (1980, 1982) and Kenworthy and Thayer
(1978, 1979, 1980) found tha: the pare waker in
sediments outside eelgrass beds had an ammonia
concentration of 50 ug.at NA. But inside the
beds this value increased w an average of 250
ugat N/l Ammonia concentration increased
from the surface of the ssdimesnts o a depth of 6
109 cm after which it remained relatively con-
stant. Bosso (1978) reported that the nitrate val-
ues in pore WAILTS wWere approximately the same
as those in the overlying waler column.

There are only a few stdies that deal with
numient fluxes in the NRES. Thayer (1970) in-
vestigated the flux raics of phosphorus among
the different forms in which it is found in the wa-
1er column.  His results indicated thal there isa
rapid exchange among dissoived inorganic phos-
phorus, dissolved organic phosphorus and par-
ticulate phosphorus. He suggested that dissolved
inorganic phosphorus is not likely to become
limiting 10 phytoplankion since it is readily re-
placed from the other forms of phosphorus as it
is used. Smith (1976) studied the regencration of
nitrogen (ammonia and urea) by zooplankeon and
found that it accounts for only 16 percent of the
nitrogen necessary for phytoplankion. She con-
cluded that zooplankion probably play only a
minor role in nutrient cycling in the estuary.
However, the data of Sterns (1983) suggest that
Smith’s {1976) zooplankion biomass were
greally underestimated (by as much as a facior of
10) which would mean that nitrogen regeneration
by 2o0plankion is probably the most significant
source of this element in the Newpon River esti-
ary.

In the only study (o date on the effects of
benthic arganisms in the NRES on nutrient re-
generation, Rosso (1979) found that the common
mud snail, Ilinassa obsoleta probably plays only
a small role in nitogen regeneration from sedi-
ments 1o the water column, primarily by its bur-
rowing activities,




Figure 18.

Diel variations in
AMITIERIS in waler
collecied off the
Duke Univernity
Marine Laboratory
dock (from
Rosenberg, 198]1).
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