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ABSTRACT

A four year (1974-1978) investigation of the water quality ramifications
in estuaries of converting bordering forests to intensive agrlculture was
conducted with reference to land development. by Open Grounds Fati,” Inc. ifn
Carteret County, North Carolina, as it influenced the South River estuary..
Significant changes occurred in salinity of surface waters, turbidity; and
dissolved nutrients in the estuary. However, no significant changes were
noted in salinity of bottom waters (except at one station), oxygen ‘concen-
tration, or phytoplankton biomass., A list of management recommendations is
presented to guide the development of coastal plains wetlands which border
estuaries in the scutheéastern United States,
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Summary, Conclusions, and Recommendatlons

" A four year (1974-1978) investigation of the water quality.ramifications
in estuaries of converting forests to intensive agriculture was conducted in
Carteret County, North Carolina. The investigation was made with reference
to the draining and development by Open Grounds Farm, Inc. of the poc051n ‘and
pine forest wetlands surrounding the upper South Rlver estuary. . The: maJor
changes in the water quality of the upper portlon of the estuary were: (1) a '
decrease in. surface water ‘$alinity; (2) an increase in turbidity and (33 an
increase in the concentration of phosphatc nitrate and ammonia,. The 1nten51ty,
extent, and duraticn of these changes is dlrectly correlated with rainfall
and thus with runoff volumes from the surroundlng watershed., WNo significant
changes associated with land development were noted in: (1) bottom water salinity;
(except at one station) (2) oxygen concentrations, or {3) concentrations of
chlorophyll a (phytoplankton biomass).

The natural wetlands which border the estuaries of North Carolina export
water to the adjacent estuarine waters which are of extremely high quality
(although acidic and highly colored). ‘The water is essentially free of suspended
silt and dissolved nutrient elements. The lateral estuaries such as the
South River which receive this wetland runcff in their headwaters also serve
as sinks for sediments (Riggs and O'Conner, 1975) and dissolved nutrients. from ..
the adjacent piedmont river estuaries. The development of the watershed
surrounding a non-tidal, slow mixing, lateral. estuary (the South River) from -
forest to agriculture has converted the water quality‘of the upper half of the
river from its natural state into a "model” version of the larger piedmont
river estuary (the Neuse River). This ecologically and commercially 1mportant
lateral estuary is now periodically enriched ‘at both ends with sediment,
dissolved nutrients, and other material nassociated with human gct1v1t1es. :
Although, to date, no blologlcal changes Have been observed in the South River,
the result of thé changes in water quality.can only be to further reduce
the future a551m11atlon capacity..of the whole estuarine system.

ased upon our results and those of others (particularly Hobbie and Smith,
1975; and Kuenzler, et al., 1977}, and assuming that maintenance of estuarine .. .
systems in their ”natural" state is the obwectlve we make the follow1ng
recommendatlons e ; . :
(1) Dralnage“from aéﬁelcpéd land into 1ateral estuaries, partlcularly those not
flushed by tides, should be removed as far as practicable in both time and space
from the estuarlne system. Such drainage should, ideally, pass through a buffer
of unmodified wetlands before being allowed to enter the headwaters of the
estuarine system (Barber, et al., 1979). The alternative is to route drainage
into rapidly circulating waters (usually as a result of strong lunar tides)
where discharges will be diluted so as to be unmeasurable within a short
distance from the discharge.

(2) The discharge of the drainage water into surrounding estuaries from develcped
land should be managed on a watershed basis in such a way as to: (a) minimize the
impact on the vertical and horizontal salinity profiles; (b) reduce suspended



solids and; (c¢) reduce nutrient loading which occurs as a result of the magnified
effect of hlghest nutrient concentration occyrring concomittantly with highest
runoff volumes. In dlscu551ng the management of nutrient loading, regulatory
agencies should seek the advice of biologists familiar with the adaptlve
strategies. of growth of phytoplankton as. they respond to, changes in nutrlent
concentratlons. ; S S . C .

(3)i: Wlth reference to the a551m11at1ve capacity of 1ateral estuaries for
nutrients and sediments, the research programs of the state of North Carolina
which involve studies of the eutrophication of estuarine systems should determine
the quantitative 1mpertance of the lateral estuaries to the estuarine system

as: @ whole. This is: partlcularly 1mportant in the Pamllco Sound complex where
tidal flushing with oceanic water: is: extremely slow, . This very slow flushing

is what. makes many North Carolina estuaries unlque and at the same time
'fsusceptlble to eutrophlcatlon.

Lo
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Introduction

In response to a continuing increase in world demand for food, land
which has previously been considered marginal for farming is being
developed into productive agriculture. Draining and clearing of wetlands
which have a high water table but relatively rich soil is one type of
development which is now cccurring on a large scale. The southeastern
United Statest contains more than 55% of the wetlands in this country
(Geraghty et al., 1973) which, while not virgin, have been used mostly
for timber production and wildlife; uses which have little impact on
surrounding waters,

In order to use wetlands for agrlcultura1 production, the water balance .
must be altered with large-scale drainage projects Such projects have been
common in the southeastern coastal plain since the 19th century (Miles, 1910;
Lefler and Newsom, 1954); however, many of the projects have failed, In
Nerth Carclina by 1872 approx1mately 30% of the coastal plain had been drained
and 40% more was believed to be suitable for agriculture if the surface water
table could be lowered (Dorcette and Phillips, 1978). Since 1973 about 500,000
acres of the wetlands of the coastal plain in North Carolina have been drained
and cleared (Carter, 1975). These type 8 scrub/scrub bogs and savannahs
(Shaw and Freling, 1956) have not been protected by federal or state law and,
in fact, drainage of such lands for agriculture has been actively assisted
and promoted by the Federal and State Governments.

Federal and State laws do protect the tidal marshes and shallow open waters .

which surround the "useless'' wetlands. The current view of the governmeént is
that the development of Type 8 wetlands must be accomplished sc as not to
adversely affect the surrounding "valuable' marshes and open water areas.

A major problem related to the modification of wetlands is that the
corporations or individuals involved have purchased the land, but the water
affected by their activities is common property. . The conflict posed by this
land use modification is the possible damage to the common sector imposed by
changes that the private sector must make to profitably carry out intensive
agriculture on the cleared 1and

The economic problem posed by these massive farms is made more complex
by the '"open' nature of the estuarine environment; that is, the forest, swamps,
marshes and tidal creeks are coupled together so that changes in one component
affect all the other components. The drainage ditches affect the runoff
of fresh water and the materials entering the estuary. Thus, a 45,000 acre
drainage system dug in Carteret Country could permanently and dlrectly affect
the income of many individuals involved in the fishing industry by altering
the water quality of surrounding estuarine areas.

The basic ecological and ‘econcmic question that must be resolved is
how much damage to the estuarlne ecosystem will result from the upstream .
modifications of the bordering swamps and forests. .The problem is of
spec1f1c importance .in Cartéret County involving the Open Grounds Farm, Inc.,
but it is of even greater regional significance since the coastal pine forests




of the southeastern United States represent-one of the few remaining land
resources potentially capable of supporting intensive agriculture.

In January 1974, 45,000 acres.of land su*roundiné South River were purchased
by a corporation that is now raising .cattle and growing corn, soy beans and
other row crops. Figure 1 shows the size and location of the development
Approximately half the acreage is in the South River drainage ua51n with the
other half divided among numerous other estuarine creek basins. ~The maximum
elevation of the land is approximately twelve feet, S

Prior to 1974 the drainage basin of the South River was covered by
a mixture of pine swamp/forest, pocosin bog, and open grassland. A few old
ditches remained from earlier attempts to drain the land and an abandoned dirt
road crossed the land from east to west. . The surface drainage entering the
headwaters of the tributaries of the aeuth Rlver consisted of natural, "black
water" swamp drainage.

During the period 1974-1978 Open Grounds Farm, Inc. has converted
most of ‘the South River watershed into productlve farmland. Development
of the land has followed a general pattern in which major dralnage.dltches
were ‘constructed through a swamp/forest on a one-mile square grid, These were
followed by the construction of smaller field ditches spaced at approx1mately
one-eighth mile intervals, running either north/south or east/west between
the major ditches. The land was then cleared, shaped for Hralnage heavily
limed (to increase scil pH), and.planted in pasture and/or row crops. The
main ditches empty into the surrounding estuarine headwaters at several points
through flood gated culverts followed by short canals. Most, if not all, of these
outfalls have been constructed at the location of previously existing ditches
which have been cleaned out and considerallly enlarged. evelopment of the
western half of the farm is essentially complete while the process of ditching '
and clearlng is contlnulng at the far eastern part of the farm.

Prior ‘to 1974 even tbough the surrounding watershed and the quality
of the surface waters of the tributaries was basically unaltered the South
River as a whole could not be considered pristine. There was some residential
and farm development near the’ lower reaches of the western edge of 'the river,
but more importantly, the major circulation of water in the South River was,
and continues to be, transport of Neuse River estuarine waters into the system
along the bottom. These Neuse River waters (averaging one-third strength sea
water) circulatetoithe headwaters of all the tributaries of the South River,
mixing continuousiy with the surface waters as they move upstream. The name
South "River''is thus a misnomer,since the system is truly an estuary. The
water quality of the South River:system as a whole depended in large part
upon the water quallty of' the Neuse estuary which has a long hlstory of
receiving human impacts (Hobbie- and. Smith, 1975)

The Neuse River has a drainage basin of over 6,000 square miles. The
estuary formed by the Neuse extends from above New Bern, North Carolina to
the Pamlico Sound, a distance of over 40 miles. The c1rcu1at10n of the
waters of the Neuse Estuary is complex with beth upstream/downstream and
across stream components (Woods, 1969; Kno Jles, 1975). The. water qpallty,Qﬂf
of the Neuse Estuary (Hobbie 2nd Emlth, 1975). is typical of ‘that for a ’
blologlcall} rich system which recelves runoff from both avrlculture and

ban discharges. To quote Hobbie and Smith (1975, page 3), "In spite of
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Figure 1. Map of Open Grounds Farm, Inc. located in Carteret County, North-
Carolina. The cross hatch grid represents the location of. maJor drainage _
ditches. Stations are "0OG" numbers and letters as described, in Methods. Water
quality data for these stations are given in Appendix I.




the seeming good health of the estuary today, there is a threshold at

some point that is the upper limit of the Neuse River to handle man's wastes
and added nutrients., This level is not known precisely but every addition
to the present load brings us closer to this limit."

The South River (Figure 2) is a shallow, lateral embayment of the Neuse
River approximately 13 km long with an average depth of 2 meters. The mouth
of the estuary has a shallow sand bar 3ill, approximately 1 meter deep,
separating it from the Neuse. There is a narrow channel, approximately
3 meters deep through this sill., 1Inside the sill the depth of the river is
3-4 meters, slowly becoming shallower towards the headwaters of the tributary
creeks where, even when the channel is only 5 meters wide, the depth is still
greater than 1 meter. The South River has a very smooth, flat bottom with
sediments composed of sand and highly organic silts. In its upper reaches
it is highly stratified with fresh waters from the land overlying the salt
waters from the Neuse. Tidal height in the South River is mainly a function
of wind speed and direction and circulation is a function of wind mixing
combined with the wind tides. The upper half of the estuary has a large system
of irregularly flooded marshes between the water and land. The estuary
is typical of estuarine systems in the southeastern United States which
receive fresh water from pine forests and coastal plain swamps. In North
Carolina estuaries such as the South River make up a large percentage of
the total estuarine area and are of considerable importance as nursery
ground for commercial species. These systems also probably serve as
natural "sinks' for nutrients from the waters of the larger piedmont river
estuaries of the Neuse, Pamlico and Roanoke Rivers.,

During the years 1974-1978 we have undertaken an intensive research
and monitoring program involving both Open Grounds Farm and the South River
estuary. The basic question which we have asked is: What are the water
quality ramifications in estuaries of converting forest to intensive agriculture?
This report deals with the results obtained and the interpretation of these
results as a data base for understanding the changes which have occurred in
the past and are continuing to occur in North Carolina estuaries.

Methods

During 1974-1576 water samples were collected approximately twice
each month from stations located on and around Open Grounds Farm
(Figure 1) and the South River (Figure 2Z). During 1977-1978 water samples
were collected only from the South River.  Water samples on the
farm were collected by plastic bucket, being careful not to disturb bottom
sediments, returned to a four-wheel drive vehicle, and treated in the field
as described below. Surface water samples from stations on the South
River were collected from a boat with a plastic bucket while those from the
bottom were taken approximately 25 cm from the sediment water interface
using a Van Dorn bottle. The water collected from the farm and the river
received the following three trecatments:
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Figure 2. Map of the South River, located in Carteret County, North Carolina.
'Stations areé''SR" numbers as described in the Methods. Water quality data
- for these statlons are - glven in Appendix II. ‘ ‘ o




(1) Aliquots were drawn into glass bottles and chemically fixed
for later analyses (oxygen, ammonia).

(2) Aliquots were drawn into one-gallon polyethylene carboys, kept
in the shade at ambient temperature, and returned to the laboratory
(generally within less than 4 hours) where subsamples were filtered
for particulate organic carbon (POC) and nitrogen (PON), photo-
synthetic pigments (chlorophyll a), and seston. Other subsamples
were used immediately for the determination of pH and turbidity.

(3) Aliquots were drawn into 250 ml polyethylene bottles, kept on
ice in the dark, filtered immediately upon return to the laboratory,
and stored on ice (24-48 hours) until analyses were completed
(phosphate, nitrate, nitrite, silicate). During 1977-1978 these
iced samples were used for the analyses listed above under (2)
and the use of one-gallon polyethylene carboys was discontinued.

Water for all nutrient analyses was filtered through glass fiber
filters, the same day as collected, to remove particulate matter. Occasionally
(1974-1976) very turbid water was centrifuged under refrigeration before
filtering. Limits of detection for nutrients (Strickland and Parsons, 1968;
Koroleff, 1970) were altered from those published due to the spectro-
photometric technique which used only l-cm cells. The limits of detection
(ng-at/1) were calculated to be: phosphate, 0.20; nitrate, 0.25; nitrite,
0.20; and ammonia, 0,30.

The following procedures were used in the chemical and physical
characterization of the water at each sampling site:

(1) Light extinction was measured in the field by Secchi disk.

(2) Salinity was determined in the field with a YSI or Beckman
portable salinometer.

(3) Temperature was read in the field with a YSI or Beckman tele-
thermometer,

(4) Dissolved oxygen was fixed in the field and determined in the
laboratory by the Winkler method (Strickland and Parsons, 1968).

(5) Phosphate (reactive) was determined spectrophotometrically
(Strickland and Parsons, 1968).

(6) Nitrate and nitrite were determined spectrophotometrically
. (Strickland and Parsons, 1968) using cadmium-copper columns
for nitrate reduction,

(7) Silicate was determined spectrophotometrically (Strickland and
Parsons, 1968).

(8) Ammonia was fixed in the field and analyzed in the laboratory
spectrophotometrically (Koroleff, 1870).

(9) Particulate organic carbon samples were filtered through combusted
glass fiber filters and analyzed with a modified Coleman CH analyzer
and a Beckman IR analyzer (Menzel and Vaccaro, 1964).

-

-8-




(10) Particulate nitrogen samples were filtered through combusted glass
~ fiber filters and analyzed with a Coleman Model 29 Nitrogen Analyzer.

(11) ?igments: Chldrophyll-g_and Phaeophytin were determined by
fluorescence emission of an acetone extract in a Turner Model
111 fluorometer (Strickland and Parsons, 1968&).

A(12) Seston (total suspended solids) was determined gravimetrically
(Strickland and Parsons, 1568). :

(13) pH was measured with a Fisher Accumet Portable pH.meter.
(14) Turbidity was measured nephelometrically on a Hach Turbidimeter,

The farm stations (Appendix I) sampled in 197 included the folioWing
station locations (Figure 1): f Ao A ,

Station OG 1 - Bridge over creek (3.4 miles north on Merrimon Road
from Highway 70) draining a swamp-forest. Sometimes had
a tidal influence from the North River estuary. Little
or no Open Grounds Farm influence

Station OG 2 - Simpson Road Creek (3.8 mlles north on Merrimon Road
from Highway 70) receiving non-farm forest drainage
mixed with drainage from the southwest corner of
Open Grounds Farm

Station OG 3 - Farm ditch 0.25 miles from its Junctloq with headwaters
; of Back Crcek :

Station 0G 4 - Field ditch draining pasture with or without cows; part
SR of original pasture land developed prior to 1974.

Station OG 5 - Field ditch dfaining pasture with cows.

1étation 0G 6 - Fiei&vditch dfaining new pasture without cows.
Station OG 7 - Field Qigch draining new field, cleared and tilled.
Station 0G 8 - Natural pocosin drainage’ from undeveloped watérshéé.

~ Station OG S - Mein farm ditch draining into West Fork, South River.
Lo ‘ Same as South River Station SR 9.

Station OG 10- Natural forest stream.
‘Station 0G 11- Forest ditches with earthen plugs.:
Station 0G 100 - Bridge over creek (2.1 miles north on Merrimon Road

from highway 70) draining into North River from farms and
a small community. Tidally mixed.
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©. Station OG 101 - Laurel road, 0.2 miles east'df Hiéhway 101, Draining
land cleared by logging operations not associated with
:Cpen Grounds Farm.

Station 0G 102 - Bridge overismall creek draining into Wards Creek. In
Otway community, 0.6 miles south of highway 70. Residential
- and agricultural drainage. Tidally mixed.

The farm stations sampled in 1976 included the following locations
(Figure 1):

¥

- Station OG A i+ Same as OG 3.
"~ Station OG B - Culvert pipe at Farm ditch dralnlng into headwaters
of Southwest Creek. o

Station 0G C - Culvert pipe at Farm ditch draining into West Fork.
X [ Close to 0G 9 and South River Station SR 9.

Station OG D - Natural pocoéln flow. Same as 0G 8. In March 1976 the
location was moved to the south central Farm near Wards
Creek because the previous natural flow had been
disrupted by Farm development.

Station OG E - East side of gate on International Paper Company road.

i Station 0G F - Same ditch as 0G 2 but located 0.7 miles east where
‘ the drainage from the southwest section of the Farm
entered the p*evxously existing ditch.
1he South RlVPT stations sampled (Appendix II) during 1974-1978
included the following station locations (Figure 2):

Station SR 1 - lLocated at morker "1 in Neuse River adjacent to the
= . mouth of the Scuth River, Sampled 1574-1978.

[N
1

Station SR Lozated in middle of the South River, 2.74 km from
SR 1, opposite Big Cresk Tributary of South River.

Sampled 1974-1978.

Station:SR 3. - Located in Eastman Creek, 9.67 km from SR 1. Width of
the creek approximately 20 meters. Sampled 1974-1978,

Station SR 4 - located in the headwaters of Eastman Creek, 10.3 km
Sm

frem SR 1. Width of the creek approx1mately eters.
Sampled 1974-1978.

.Station SR'S = Located in the middle of South River, 7.55 km. from .
i . % 1" S8R'1, opposite the mouth of Southwest Creek. Sampled
1974-1978. S

]

Station SR 6 - Located in the niddle of South River, 10.1 km from
SR 1. Sampled 1974-1978.
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Station' SR 7 - Located in the middle of South River, 12.3 km from .
- SR 1, at junction of East and West Forks. Sampled 1974-1978,

Station SR 8 - Located in middle of West Fork, 13.¢ km from SR 1,
- opposite the entrance of the main drainage ditch from
the western part of the Farm. Sampled 1974-1978.
Station SR 9 - Located in the middle of the main drainage ditch
S (approximately 7 meters wide), 14,1 km from SR 1
(0.2 km from SR 8). Sampled 1974-1976. ‘

Station SR 10- Located in headwaters of West Fork, 14.6 km from A
T - SR 1. Width of creek approximately 5 meters. Sampled
1974-1978. :

Station SR 11- Located in Eastman Creek, 8.8 km from SR 1.
Sampled 1977-1978,

Station SR 12- Located in middle of the mouth of Eastman Creek 6.5 km
: from SR 1, Sampled June 1977 - August 1977. S

“Station SR 13- Located in middle of South River‘oppogité Egstman Creek

SRR 6.5 km from SR 1. Sampled August 15977 - November 1978.

StationiSR 145?Ldéated in‘SOuthwest Creek, 9.62 km from SR 1,
S Sampled October 1977 - November 1978.

A log of field observations was kcpt which describes each field trip
with spec1flc reference to the stages in the development of the Farm and
notes on water quallty from fiéld obscrvatlons This log is available
for inspection at the Duke University Marine Laboratory.

Results

' All of the data on water quality of samples taken from Open Grounds
Farm and the South River are presented in Appendices I and II. Appendix II
(South'River) includes some data collected prior to the initiation of this
project (SR'1-13) and data collected during the preliminary phase of this
project (SR 14-18). Appendlx I1I is a copy of a report on the concentration
of coliform bacteria in water samples taken on and around Open Grounds Farm
and no further explanation of these Jata is given as the report is self
explanatory,

OPEN.: GROGUNDS FARM
From February through December 1975 water samples were collected
(once every two weeks) from stations located on and around Open Grounds

Farm (Figure 1). An effort was made to follow changes in the water quality
of surface waters as the land was devclopvd from a natural swamp/forest
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ecosystem to agricultural production (pasture land). In addition we
monitored: the water quality: at three stations where main farm ditches
entered the estuary. The exact location and description of these stations
is given in the Methods section. The rapid and changing pattern of land
development -coupled with unpredictable changes in water flow in the ditches
(depending upon rainfall, evapotranspiration and evaporation) made interpre-
tation of the data with regards to land use at any particular station almost
impossible. Because of these problems, the stategy of sampling in 1976

was changed so that stations on the farm were restricted to outfalls from
the main ditches to the surrounding estuary, and to natural pocosin stream
waters. The natural pocosin stream data are. representative of the quality
of fresh waters reaching the estuary from the land prior to development and
the ditch outfall data are representative of the integrated effects of

land development and agriculture-on this surface water. A comparison of
these data are presented in Table 1. Because of the non-normal distribution
of data for any particular parameter we have presented the data as averages
for the period: sampled together with the'trange in'.values observed.: '1975-1976
was a period of rapid development of the western half of the farm from

which most of the data were collected. The land was ditched, cleared, shaped,
limed, and-mostly developed into pastures.. Planting of corn and other row
crops began in 1976 in the southwest section of the farm. In 1977 and 1978
(after farm sampling had ceased) extensive row cropping with concomitant
fertilization was done throughout the western and central portions of the
farm, including much of the South River watershed. -The data presented in
Table 1 for three of the main ditch outfalls is representative of 1ntegrated
drainage from developing land and pastures prior to intensive row cropping.

A significant part of the Back Creek drainage basin consisted of the
original pasture land which was aiready present at the time (1974) Open
Grounds Farm began 1ts ma551ve development

From the data presentea in Table 1 a number of water qualitf changes
are evident when natural swamp/forest is developed into farmland. The
turbidity of natural forest streams is exceptionally low (avg. 2.4 JTU).
During and after development turbidity is always higher than that of
natural streams (10 to 20 times) with very high turbidities occurring
after heavy rainfall and/or during ditch construction and maintenance.

The concentration of dissolved oxygen in the water is significantly higher
(on the average) after development, probably as a result of mechanical
aeration and plant growth. As would be predicted from solubiiity effects,
the concentration of dissolved oxygen at all stations is greater in the
colder months as compared to the wariiér months. The concentration of seston
(silt and particulated organic matter) 'is 1ncrbased in ditches by a factor
of5 to 10 times that found in naturdl streams. The pH of water in ditches
increased by 2 to 3 pH units, becoming more neutral when compared to the
acidic nature of the natural streams.

Natural waters generally had extremely low concentrations of nutrient
compounds measured (phosphate, nitrate, and ammonia). The occasionally
moderate concentrations of amﬂor;a‘(max of 10.9) observed are due to
inputs .from rain or to bacterial ralease of anmonia ‘from the organic
rich sediments of ihe natural streams. Nutl:unt concenfratlons of waters o
in the ditches was increased 5 to ‘10 ‘times above those of the natural
streams with occasiocnally very high concentrations. Although the average
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concentrations of nutrients were not high relative te rich marine waters’
(estuaries and deep ocean water) the very high maximum concentrations occur
simultaneously with high runoff due to heavy rainfall thus magnifying

the total amount of nutrients exported from the land to the estuary.

The magnitude of this effect is illustrated in Table 2. It is

Table 2. The relationship between rainfall (runoff) and nutrient concentrations
(ug-atm/1) in samples from the West Fork ditch (Statlon C) for the
summer, 1976

Field Trip  Date 48 hour PO, NO, NH, ° Observed Flow in Ditch

Rainfall (in.) 4 3 4 | (from field notes)
0631 7/21 0.0 . 0.20 1,07 5.8  flowing
0G 32 8/ 4.0 18.4  8.57 32;7 " gushing flow |
0G 33 : " 8/14 :1.9 4,30 1.22 16,2 : tremendous flow
0G 35 | 19/16 2.6 - 20.2 7.6 47.3 . good flow
0G 36 1 9/29 0.0 0.52 1.35 5.54  moderate flow

1ﬂportant ‘to note that these data were collected prior to the intensive
fertlllzatlon of the land associated with row crop farmlng

Chlorophyll a concentrat1ons:(a measure of suspended plant biomass) -
- were approximately 5 times greater in the ditch water as compared to
natural streams. Average values were within the range normally found in
estuarine waters and considerably below values associated w1th eutrophic’
conditions 'in fresh waters.

SOUTH RIVER ESTUARY

From the data presented in Appendlx II we have chosen to present the .
following results for discussion: (1) Cruises SR 19 - SR 84 (February 1975
to November 1978); (2) SR stations 1-8, 10, and 14-(from a total of 14);
(3) Water quality data on Setchi depth, salinity, phosphate, nitrate,
ammonia, dissolved oxygen, chlor0phy11 2, and turbidity (from a total of
16 parameters).

Cruises SR 1 - SR 18 are not presented graphically for two reasons:

SR 1 - SR 12 were made prior 'to the beginning of this project. by a number
of different classes at irregular time intervals (SR 1 in 1972; SR 2 - 12

in 1974) and cruises SR 13 - SR 18 were considered preliminary, during which
sample locations and techniques of analysis were being worked out. The data

collected from samples taken at stations SR 9 and SR 11 - SR 14'are not
graphically presented for thie following reasons: Surface:waters from SR 9,
which was located up the major ditch emptying into the West Fork (SR 8), were

-14- -



analyzed and the data included as a part of the data base for the West Fork
ditch (Table 1), Stations SR 11 - SR 13 wete sampled from mid 1977 - 1978

so that temporally complete data sets are not available. The data from
Station SR 14 is presented separately from the other stations and is included
because it illustrates the impact of farm runoff on surface waters of Southwest
Creek comparable to the impact on the West Fork at SR 8. These data were
collected during a particularly wet fall and winter (1977-1978).

The following eight water quality parameters which are not presented
graphically had the following trends: (1) Temperature varied seasonally
in a predictable manner from a low of 1-5°C in January to a high of 30°C in
August. In general the temperature of surface water was slightly warmer
than that of bottom water. The variation in temperature of the shallow.
upstream stations was greater than that of the deeper downstream stations
and seasonal temperature changes cccurred more rapidly upstream. The temperature
of the surface waters of station SR 3 where the farm ditch enters the
estuary were somewhat more variable than the surface waters from a similar
station (SR 3) in Eastman Creek which received no runoff from the developing
farm.  (2) The silicate concentration in the waters of the South River was
generally above 20 ug-atm/1 which is in excess of that necessary for
maximum phytoplankton (diatom) growth. Analysis of silicate was discontinued
after preliminary cruises. (3) Mitrite concentrations, which were almost
always below detection limits, were not determined after February 1976 and
all subsequent nitrate values represent nitrate plus nitrite. (4) The
particulate organic carbon (POC) concentration of samples was determined
frequently during the period of the preoject. These data, which can be
roughly correlated with turbidity, indicated that the developing farm .
exports considerable POC to the estuary (SR 8), especially during periods
of high runoff. Such runoff can raise the level of POC in the headwaters of
the estuary to a level 10 to 50 times that expected. For 1975-1878
average POC value for SR 8 was 10.9 mg/l1 while that for SR 3 was 1.%4
mg/1l. (5) The concentration of particulate organic nitrogen (PON) in
samples of water from the Scuth River was determined less frequently than
POC. In general PON is 1/10 as concentrated as POC. (6) The concentration
of phaeopigments, ‘which was determined as a routine part of the chlorophyll a
analysis, is the result of a2 complex of interactions, due in part to the -
feeding activities of zooplankton on phytoplankton and to runoff of
detritus from the ‘land. (7) Seston, the total weight of suspended material
in a water sample, was determined for several of the cruises and can. be
roughly correlated with turbidity measurements. However, when the type
of material (inorganic silt versus particulate organic matter) differs
the correlation is poor, (&) pH was measured on almost all cruises. The
pH is, in general, :directly correlated with the salinity of the water.
Lowest values are found at the headwaters of the South River and highest
values ‘at the Neuse Plver station, The values ranged from 6 to 8 throughout

.the progect

, Data 111ustrat1ng the temporal variability of eight of the water
quallty parameters for nine stations (eurface and bottom) are ipresented

.below as figures. Each figure can be read as a transect from the Neuse River
(#1) into the South River (#7) and then blther up the Ycontrol' Eastman

Creek (#3, and #4) or up the main axis of the South River (#5 - #7) to, the



West Fork where a main farm ditch discharges (#8) and above this t0o the
‘headwaters (#10). The results as illustrated in these graphs are’ presented
below with reference to single water quality parameters. ;

Secchi,depths (Figure 3) are a measure of the penetration of light
in the water column. The greater the depth of light penetration the less
it can be considered as limiting the primary productivity of the phyto-
plankton in the water column., Over the four-year period Secchi depth
averaged approximately 1 meter {with some variatiocn) from the Neuse River
(SR 1) to the headwaters of Eastman Creek (SR 4). Light penetratlon 'de¢reased
significantly in the main axis. of the South River from SR 5 to SR 8 as a
result of suspended matter: enterlng the river at SR.3. At SR 8 the average
Secchi dopth was approximately 0.3 meters. At stations SR.1, SR 2 and SR 5
Secchi deptho were somewhat less in the spring of 1978, correlated with an
average increase in chlorophyil a (phytoplankton blomqss) which occurred
at the same time, There was no apparent seasonal cycle in Secchl depth at
any of the stations, :

The salinity of oceanic waters off North Carolina is approx1mately 34° /oo
(parts per thousand by weight). The salinity of the Neuse estuary is variable,
averaging approximately 10°/., at the mouth of the South River. The salinity
(Figures 4 ‘'and '5) of both surface and bottom water samples decreased from
the Neuse River to the headwaters of the tr;butary creeks of the South
River. The greuQcat percent change cccurs in the surface waters due
to the increasead den51t/ statrification that frequently occurs in the
proLected beodwacerc of the estuary. Such density stratification is not
as prevalent in the wore copen parts of the estuary. The salinity’of

surface water was lower than that of bottom water at the same station and the
tervqral varizbility of surface salinities was much greater than that of
bottou salinities due +o the influence of rainfall and runoff of fresh water
from the land. During the four years of this project the salinity of the
whole system increased :rcd Jlnwaly 975 through the summer of: 1977, During
the sutumn and winter, 1%77-1978, salinities decreased rapidly to the lowest
values recorded. Surface Syllllty at SR 8 {near the farm ditch).was
persistently lower than thai which would be expected in the.absence of the
drainage ditch. GBDottom szlinities at the same Station were.not sxgn1f1cantly
affected by the ditch. & u ’uwsfredﬂ Lron SR S) had an. anomalous '
paftern of sallﬁity in bo

o

nt and n1x1ng of surface anc botuom waters from

1t of wind tice transport... A comparison of
a3 ﬁJd €2 4 with SR & for crulse: p”lor to

suggests that salinity at SR 8 prior to 1975
was not significant] uen“ea by runcff from the farm. After January
1275 the graphs Jdgg st thet farm runoff may have 511ghtly lowered ’
surface salinities at SR 6 and SR 7, particularly after heavy rainfall. Even"
though North Cayolina has no long term seasonal ‘trends to rainfall, the salinities
in estuarine headwaters tend to be reduced in the late winter and early spring
when evaporaticn and evapotranspiration are great ly reduced so that runoff from
the land increases. Thla slight season deUCLlQn in salinities in the w1nter/spr1ng
can be seen in Figure 4 ©¢ be oupe*1r~o;ea on th@ longer term and more dramatic,
cycle due to aiternstion of wet and dry winters (for example, January-March 1976
compared with January~Ma rch 1978; see Rainfall Table 4). Table 3 shows,
as would be expected, that the sallnlty of the South River is closely correlated

surface salini tlgs from
January 1975 (A@pénﬁi*
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Table 3. Correlation coefficients (r values) of the salinity in the South
River Stations. with that at the Neuse River (SR 1). Data is from
Cruises SR 19 - SR 84,

.- STATION # |
2 3 4 g 6 7 8 10
Surface .92 .82 .64 .90 .69 .60 36 .47

Bottom .88 .88 .87 .86 .84 .83 .77 .69

with that of the Neuse River (its only source of salt water). The correlation of
salinity in the Neuse with that in the South River decreases from the mouth

to the headwaters. Bottom salinities have a much higher correlation with

Neuse salinities than do the surface waters. The influence of the farm can

be seen from Table 3 where the lowest correlation (r = 0.36) is with the

surface water at SR 8.

Turbidity of a water sample is determined by measuring the amount of light
scattered by particulate material suspended in the water. The turbidity (Figures
6 and 7) of the waters of the South River is naturally very low, averaging
below 5 Jackson Turbidity Units (JTU), even though the water may be highly
colored (yellow-brown) due to the presence of humic acids. In surface water
"natural" turbidity was greatest at the Neuse River (SR 1) where the average
was 4-5 JTU. Up the South River the turbidities decrease slightly to SR 4
(Eastman Creek) where they averaged 2-3 JTU. The most pronounced changes in
turbidity were observed along the main axis of the South River from SR 2 to SR 8
where the farm ditch emptied into the river. At SR 8 turbidity reached
its maximum of over 200 JTU in 1975 as that section of the farm was being
developed. Turbidity decreased in 1977-1978 at SR & to approximately
20 JTU reflecting the fact that most of the development phase of that section
of the farm was complete. Thus it appears from the data that the surface
turbidity of the water in the river at SR 8 will remain elevated approxi-
mately 10 times over that normally expected in the absence of development
except during dry periods when flow from the farm ditches ceases. During
1975-1976 when turbidity at SR 8 was very high there was a rapid decrease
in turbidity downstream (SR 7, SR 6, and SR 5). During 1977-1978 the
turbidity at SR 5, SR 6 and SR 7 increased (in spite of the decrease at
SR 8) probably as a result of runoff from other sections of the farm,
still under development, via ditches emptying into the East Fork and
Southwest Creek. The turbidity of bottom waters was slightly greater
than that in surface waters. Short term turbidity increases can be caused
by strong winds and/or tidal currents which can carry bottom sediments
into suspension.

Oxygen dissolved in the water is necessary for the survival and growth of
aquatic plants and animals., In general, the greater the amount of living and/or
dead organic matter in the water the lower the oxygen concentration and the closer
a system is to being "eutrophic.'" The concentration of dissolved oxygen (Figures
8 and 9) decreased upstream from the Neuse River (SR 1) to the headwaters of
Eastman Creek (SR 4) and the West Fork (SR 10) even though salinity (which when
increasing causes a decrease in the 100% Saturation value) decreased. At all
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stations oxygen concentrations increased in the winter as compared to the summer
reflecting the increased solubility of oxygen coupled with a decreased

biological demand in cooler water. At SR 1 (Neuse River) the bottom water oxygen
concentrations were generally the same as surface water. However, in the

South River the oxygen concentration in bottom waters was considerably lower

than surface waters, particularly during the summer months. At the most

upstream stations (SR 3, 4, 8 and 10) anoxic (no oxygen) conditions were
frequently encountered in bottom water samples taken during the summer

months. Drainage from the farm through the ditch appeared to have no influence
on the oxygen concentraticn in the South River. We may say, from the data
collected over the four years, that the slow mixing, lateral estuaries of the
South River type probably are characterized by a naturally high biological

oxygen demand during the summer which, when combined with increased stratifi-
cation, leads to periods of naturally occurring anoxic conditions. No significant
change in the pattern of oxygen concentrations was observed during the

four-year period of this study.

The nutrient elements, nitrogen and pnosphorus, are frequently observed
to limit (either together or separately) the primary productivity of aquatic
systems. Nitrogen (in the form of nitrate and ammonia) and phosphorus (in the
form of reactive phosphate) occur and are nccessary for plant growth in the general
ratio of 1 atom of P fer 15 atoms of N. While phosphorus often limits primary
production in fresh waters, nitrogen is generally in shortest supply in estuaries.
Maximum productivity can be sustained in estuaries by a concentration of between
1 and 10 pg~atm/1 M. The totel biomass of plant material is dependent upon the
total amount of nutrients in the sysiem.

With the exception of SR 8, nitrate concentrations (Figures 10 and 11)
were at or near the lover detection limit (0.20 pg-atm/1) at all stations,
both surface and bottom during 1975-1876., 82 8 had a somewhat greater
concentration than the other stations in its surface waters during this
period. During the winter of 1977 and spring of 1978 nitrate concentrations
increased dramatically at all stations, both surface and bottom. At SR 1 -
SR 5 this dramatic increase disappearced by the end of May 1978 when the
levels returned to 'mormal.” However, st stations SR 6 - SR 10 we
observed a series of nitrate concentration peaks of increasing magnitude
towards SR 8 where the farm ditch enters the estuary throughout the
summer 1978, During the autumn ritrate concentrations had returned to
"mormal." [Loth surface and bottom waters had similar patterns of nitrate
concentration with surface waters having, in general, a somewhat higher
concentration than botton waters.

Ammonia concentirations (Figures 12 and 13} were much more variable than
those of nitrate. At SR 1 (Neuse River) surface water ammonia concentrations
were significantly greater during 1975-1976 when compared to 1977-1978.
However, bottcm water ammonia concentrations during both periods were
relatively lcow. Within the South River ammonia concentration increased
slightly from near the mouth (SR 2) t¢ the hsodwaters of Eastman Creek
(SR 4). This increase was more coparent in the bottom water samples than
in surface samples, probably as a2 result of regeneration (from sediments)
rates exceeding uptake rates., 'Along the main axis of the South River
ammonia concentrations increased from SR 5 to SR 8 (farm ditch) with
somewhat greater concentrations in 1977-1978 as compared with 1975-1976.
Ammonia concentrations had a tendency to be somewhat greater during the
warmer months as compared with the colder months.
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The concentration of phosphate (Figure 14 and 15) was generally similar in
both surface and bottom waters at any one station. Concentrations were similar
when comparing stations on a transect up the South River (SR 2) into Eastman
Creek (SR 3 and SR 4). Along the main axis of the South River concentrations of
phosphate in water samples increased rapidly to a maximum at SR 8 (farm ditch)
where phosphate levels were significantly higher in surface as compared with
bottom waters. The concentration of phosphate was greater in 1977-1978 as
compared with 1975-1976, In general phosphate concentrations were greater
in the summer as compared with the winter months. However, there was a signi-
ficant midwinter increase in 1978 which was observed at all stations,

The chlorophyll a concentration (Figures 16 and 17) of water samples
can be used to estimate the phytoplankton biomass in those samples.
Phytoplankton biomass was highly variable throughout the study at all
stations both surface and bottom. With the exception of an occasional
surface bloom there was little difference between surface and bottom waters
in biomass. There was no seasonal pattern in the chlorophyll a data and
there was little difference in the pattern observed among the stations
except that the uppermost stations (SR 4 and SR 10) had the lowest concen-
trations. There was no large change in the biomass of phytoplankton during the
four-year period. During 1977-1978 the blooms encountered were not as great
as those in 1875-1976; however, the average levels of chlorophyll a appeared
to be somewhat greater during the 1977-1978 period.

Station SR 14 was established in October 1977 in the Southwest
Creek tributary of the South River because, as the farm development progressed
during 1976 and 1977, it was apparent that the main ditch emptying into
the Southwest Creek could have almost as much impact upon the river as that
at SR 8, Figure 18 is a graphic presentation of the salinity, phosphate,
nitrate and ammonia in the surface waters of SR 14. The pattern of distri-
bution through time and the concentration of materials was very similar
to that seen at SR 8 and bore no similarity to that observed at SR 3 or
SR 4 in Eastman Creek. The concentration of nutrients was inversely
correlated with salinity and thus associated with the fresh water runoff from
the land. The high concentrations frequently returned to lower background
levels within the two-week period between sampling.

RAINFALL

Since the mechanism for transfer of materials from the land to the
estuary is through the runoff of surface waters it is particularly important to
the interpretation of the data collected to have a record of local rainfall
near the drainage basin under consideration. The source of rainfall data
presented in Table 4 is from the records kept by Open Grounds Farm, Inc.
with supplementary data from the National Oceanic and Atmospheric Administration
(NOAA, 1977). The total rainfall for each year from 1975-1978 is approx1mate1y
the same as the 10-year average, suggesting that no partlcular year could
be considered '"wet" or "dry.". However, from the point of view of potential
for runoff, the time of year that the rain falls is extremely important.
During the winter and spring when evaporation and evapotranspiration is
extremely low the soil quickly becomes saturated with water so that much of
the rainfall will run off into the streams of the surrounding watershed. On
the other hand during the summer the soils become saturated only after
very heavy or prolonged rains. During the years 1974-1977 rainfall in the
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