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ABSTRACT

A project was initiated in 1966 to measure the effects of phosphorus
on the ecology of the Pamlico River Estuary, N. C. Field surveys were
conducted to determine hydrography, phosphorus concentrations in the water
and sediment, and phytoplankton speciation and biomass in relation to
inputs from the Tar River Basin and phosphorﬁs mining activities. Laboratory
and experimental studies were designed to determine phytoplankton response
to phosphorus additions, phosphorus exchange with sediment, phosphorus
utilization:: by Rangia clams, and phosphorus uptake by phytoplankton.

The Pamlico River Estuary is typically oligo-~ to mesohaline; tidal
influence is minimal and the estuary occasionally stratifies. This stratifi-
cation is easily destroyed by winds. During summer stratification, anaerobic
conditions develop near the bottom muds. The estuary is already rich in
phesphorus, and concentrations are increasing via land runoff and mining
wastés. Much of the incoming phosphorus is accumulated in the bottom sediments.

The dinoflagellate, Peridinium triquetrum, dominates a large phytoplankton

bloom that develops during the winter, apparently in response to nitrogen buildups.

The annual cycle of phytoplankton numbers and biomass in the Pamlico River

Estuary is similar to that found in other similar east-coast estuaries,
Experimentation revealed that mud would remove significant amounts of dissolved

reactive phosphorus from the water column. There was a release of phosphorus from

the mud under low oxygen conditions., High concentrationscof phosphorus in clay-silt

sediments increased the unfavorableness of that substrate for growth and survival

of Rangia clams. The clams utilized organic matter and phosphorus from the sediments.
Limiting nutrient experiments revealed that phosphorus additions did not cause

increased carbon uptake; whereas, nitrogen additions resulted in significant

increases. Nitrogen, therefore, is the limiting major nutrient in the Pamlico

River Estuary. Although no direct effects of slime pond wastes on the estuary could

be detected, luxury uptake of phosphorus by phytoplankton and changes in phytoplankton

speciation (increased blue-green algae) were experimentally observed.
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I. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
I. A. Summary and Conclusions

1. The project was designed to measure the effects of phosphorus on the ecology
of:: the Pamlico River, Estuary, to predict future effects, and to suggest
alleviation methods., Field surveys were conducted to determine hydrography,
phosphorus concentrations in the water and sédiment, and phytoplankton speciation
and biomass. Laboratory and experimental studies were designed to determine
phytoplankton response to phosphorus additions, phosphorus exchange with sediment,
phoéphorus utilization by Rangia clams, and phosphorus uptake by phytoplankton.
Some of the work was done for graduate student theses.

2. The estuary is protected from the ocean by the outer banks and the tidal
influence is very small (about 0.5 feet). Water temperatures ranged between near
freezing during the winter and 34 C (93 F) during the warmest part of the summer,
Salinities are normally low (ranging between 0.5 and 15 to 20 ppt),.being mainly
influenced by streamflow. Stratification exists sporadically, set up by
inflowing freshwater and destroyed by strong winds. During-stratificatidn in

the summer, anaerobic conditions develop in the middle section of the estuary.

3. The Pamlico River Estuary is naturally rich in phosphorus, with increasing
concentrations entering the estuary via the Tar River. These concentrations
exceed the 2.8 uge-at P/l suggested as an upper limit for unpolluted coastal
waters., The phosphorus added by Texas Gulf Sulphur Co. mining operations are
entering an estudry already rich in phosphorus. 1If nitrogen increases in the
estuary, eutrophication problems are likely to develop.

4, The annual cycle of phytoplankton numbers and biomass in the Pamlico River

Estuary is similar to that found in other similar estuaries on the east coast.



A large bloom of a dinoflagellate (Peridinium triquetrum) develops during the

wintertime, but apparently not in response to phosphorus. Overall, phytoplankton
data indicate that the Pamlico River Estuary is a rich environment, but is is not
believed that the estuary should be considered polluted.

5. Significant mass trdnsports of phosphorus were obtained for mud, which
removed dissolved reactive phosphorus from the water column. There was, also,

a release of phosphorus from the mud to the water under low oxygen conditions.
Sediment samples off Texas Gulf Sulphur Co. mining operations revealed an
accumulation of phosphorus in that area, indicating that the sediments serve as

a sink for incoming phosphorus. If low oxygen conditions should develop on a
widespread basis, significant release to phosphorus from this accumulation could
take place,

6. Clay-silt sediments were found to be more unfaborable for the survival of
Rangia clams then sand sediments. This was attributed to the physicochemical
environment associated with clay-silt sediments. High concentrations of phosphorus
in these sediments further increased the adverse effect. High phosphorus concen-
trations in sand sediments had a favorable effect on the growth of the clams. The
clams utilized organic matter and phosphorus from the sediments.

7. No direct effects of TGS slime pond-wastes on the phytoplankton biomass or
primary productivity in the Pamlico River Estuary were detected in our experiments.
The growth of blue-green algae, however, was directly stimulated by addition of
slime pond waste. When sewage was combined with slime pond waste, there were
increased algal biomass and primary productivity.

8. Limiting nutrient investigations revealed that phosphorus additionsydid not
cause increased carbon uptake. When nitrogen was added, however, significantly
higher carbon uptake was observed. Thus, it was concluded that nitrogen:was the

limiting nutrient in the Pamlico River Estuary.




9. Luxury uptake of phosphorus was observed in experiments receiving slime pond
waste. This was increased by adding sewage. Thus, if nitrogen becomes available

the luxury uptake could lead to undesirable conditions.
I. B, Recommendations

1. In view of the low flushing rate already present in the estuary and thé

low oxygen characteristics during summer stratification conditions, it is

recommended that construction of dikes or causesways (which may decrease the flushing

capactiy or intefrupt the normal wind-driven mixing processes) be discouraged.

2. The phosphorus concentrations coming downstream from the Tar River Basin have

significantly increased. If this trend is not reversed, coupled with TGS additions

eutrophic conditions would develop over the next few years. Thus, phosphorus

additions (both from upstream and mining wastes) should be controlled.

3. Since phesphorus is accumulated in the sediments and can be released to the

water column under low oxygen conditions, it is recommended that enrichment of

the estuary he controlled to prevent development of anaerobic conditioms which

could lead to releases of significant nutrients from the sediment to the estuarine

waters.

L4, Apparently, nitrogen is the limiting nutrient in the Pamlico River Estuary.

Thus, limitations©f the input of this nutrient can control eutrophication.

5. - Additional studies are needed to understand more completely the ecology of

the Pamlico River Estuary, its nutrient cyeling, its annual cycle of plants and

animals, and ite future:

a) Controlled experiments to determine the nutrient requirements of Peridirium
triquetrum under various temperature .and salinity regimes;

b) Concentrations of nitrogen in relation to phytoplankton species and biomass

in the estuary;




c)

d)

e)

£)

g)

k)

Comparison of nutrient concentrations and phytoplankton populations in the
Pamlico River Estuary with those in the Neuse and Albemarle Estuaries;
Investigation of the relationship between the algal bloom and concentrations
of trace metals, vitamins, and other orgaﬁic‘compounds;

Comparison of the algal bloom with primary productivity and diversity of others

~organisms in the Pamlico River Estuary;

Determination of seasonal differences in the transport and fate of nitrogen
compounds through the Pamlico River Estnary;

Characterization of the Physiological operations of Peridinium triquetrum

to determine the changes to the estuary regime- that would create an algal

blocem during summer; and,

Description of the successional characteristies of the phytoplankton population
in the Pamlico River Estuary to determine the relationship of P. triquetrum to
cther species, pigment concentrations and ratio to organic biomass, and nutrient

ratios,




II. INTRODUCTION
II. A. Objeectives

The objective of this project was to measure the effects of phosphorus resulting
from a phosphate mining operation on the ecology of Pamlico River Estuary, to predict
future effects and to suggest alleviation methods. The project:was 'designed:to
study the distribution and concentration of phosphorus compounds in the estuary and

effects on the plankton and bottom orgamnisms.
II. B. Background

The study was initiated in 1966, supported by funds from the Office of Water
Resources Research Matching Grants Program and Texas Gulf Sulfur Company, to study
the effects of phosphorus in the Pamlico River Estuary. The project was directed
by Dr. Donald B, Horton, Principle Investigator. Additional funds were obtained
from the Federal Water Pollution Control Administration to support related studies.

In 1964, phosphate mining operationskwere initiated on the edge of the
Pamlico River Estuary by the Texas Gulf Sulfur Company. It was feared that the
phosphate mining activities would result in phosphorus additions to the estuary
and subsequent eutrophication. Slime waste from the phosphate processing plant
was piped to a holding basin where the water was allowed to decant off into the
estuary (Figure 1),

It was first assumed that the effluent from the slime pit of the mining
operation would be adding large amounts of phosphorus to the estuary, so 6 sampling
stations were set up starting upstream from the effluent and extending about™3
miles downstream (Figure 2). The first part of the study was a survey, run every
two weeks, of the temperature, salinity, oxygen, phosphate (3 kinds), phytoplankton,
and phytoplankton productivity (with carbon-14), -Parts of this early study, for
exaﬁple an estimate of the phytoplankton primary productivity at 6 stations for one

complete year, have been published by Copeland and Horton (1).
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It was soon evi@gnt that there was a great deal of variation within the river,
;nd éi;o thaﬁ ghe éfgiﬁéhé ffoﬁ ﬁﬁé giimé piﬁ of the phosphate mine was not adding
appreciable amounts of phosphates to the river. In fact, it was impossible to
measure higher than normal phosphate levels more than a few hundred meters away
from the effluent canal. Some preliminary sampling near the plant Aid indicate
that plant discharge into Lee Creek (which runs through the mining area) was
adding large amounts of phosphorus. The sampling program was therefore expanded
to 40 stations (surface samples only) inrsome 8 transects across the river both
upstream and downstream from the plant (Figures 3 and 4). Most of the same
measurements were made except that the 40 productivity samples were run under
controlled light and temperature conditions in the laboratory instead of in gitu.
From the expanded sampling, the irregular discharge of large amounts of phosphorus
from the plant could be seen and the large patch of high phosphate water could be
followed as it moved downstream for nearly 6 weeks. There was, however, no
correlation between the high PO4 and alga} biomass or primary productivity. It
appeared ag if the PO4 was a conservative factor that was not being lost to the
organisms or sediments very rapidly. For tliis reason, it was a good tracer to use
for water movement studies. It should be noted, that the concentrations of PO4
found were only relatively high as the maximum reached was only 1 mg'PO4 per liter,
Some cf the transect data for PO, concentrations, phytoplankton biomass, and
relative primary productivity has been published by Hobbie (2).

Several graduate students have conducted thesis projetts in the Pamlico
River Estuary in relation to the effects of phosphoruscadditions. One study involved
the amount of organic matter and phosphorus in the sediments which were directly

correlated with the growth of the clam, Rangia cuneata. Through the use of Zn65

tracer techniques it was shown that the ¢lams could take up organic material
directly from the sediment. If too much organic matter and phosphate were present

then the growth of:¢clams was inhibited (3). As the continuation of this benthic
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work, seasonal samplings were made of the whole river and the distribution and
community structure were calculated, Most of the benthic animals were concentrated
along the shores while the center of the estuary was almost barren, which may be

- related to seasonal anaercbic bottom water (4). Another study included calculations
of net transports of the removal of dissoclved reactive phosphorus from the water
by mud (5).

A phytoplankton survey was conducted (6) which included following a phytoplankton

bloom with daily samples for two and half months and hourly samples for 24 hour

periods:. The dinoflagellate, Peridinium triquetrum, dominated this bloom and at

several million per liter. Experiments wers conducted to determine the relationship
of the phytoplankton cell numbers and primary productivity to additions of phosphorus
to estuarine waters.(7, 8). )

This report follows a series of three reports on the phosphorus concentrations
(9), hydrography (10), and phytoplankton species and populations (6). A number
of persons have helped in the planning .and data collection of this project.
Dr. Donald B. Horton set up the laboratory and was the principle investigator for
this project. Kenneth Tenore, H. Lee Davis, David Peters, Edward J. Carpenter,
and Albert Sherk assisted in collection of data in relation to their thesis

projects. James Berry, Henry Daniels, David Gossett, Johnny Pye, Lindsay Wood

and Nita Scobie helped collect and reduce the data,
IT1. C. The Pamlico River Estuary

The Tar River flows through northeastern North Carolina édnd becomes an
estuary at Washington, N. C.; at this point it becomes the Pamlico River. It
then flows east for some 35 miles to enter Pamlico SQund directly west of Cape
Hatteras. The maximum width is about 8 miles and the average depth about 10 feet.
Most important for the current and the salinity regimes is the damping effect the
outer banks have on the lunar tide. As.a result, this tide is about 6 inches and

is greatly overshadowed by wind tides of up to 3 feet. Because of the shallowness,




the water is well stirred and there is little or no stratification in large parts
of the estuary. The stirring also keeps-large amounts of particulate matter in
suspension with the result that the estuary is quite turbid most of the time.

The salinity range in this estuary, from 0 to 15 ppt, is very difficult for
organisms to adapt to; as a regult, the number of different kinds of animals is
small compared with the freshwaters, ocean or even Pamlico Sound (salinity around
20 ppt). The phytoplankton is dominated by an extensive algal bloom that occurs
in January to March of every year. The dominant organisms in this bloom, the

dinoflagellate Peridinium triquetrum, attains "red tide" numbers. The dominant
g

zooplankter is the copepod, Acartia tonsa, which is fed upon by larval fish and

by the ctenophore (comb=-jellyfish), Mnemiopsig leydii (1l). The fish are mostly

saltwater forms, although freshwater forms do occur near Washington, N. C. The
permanent resident fish include mummichog, the rainwater killifish, the naked
goby, white perch, the striped anchovy, American eel, and the hogchoker. Another
group of fish is present year-round except during winter. These include the tidewater
gilverside, the rough silversidea.the common silverside, spot, atlantic croaker,
pinfigh, atlantic meﬁhaden, summer flounder, and the northern pipefish. Other fish
are found only during their migrations through the estuary. These include hickory
shad, thé alewife, glut herring, American shad, gizzard shad, striped bass, and
the common sturgeon.

The benthic -animals (bottom dwelling) are domimated in the fresher parts of

the estuary by the clam, Rangia cuneata, and in the saltier parts by the bivalve,

Macoma balthica. In contrast to many estuaries, there is a pronounced seasonal

change in benthic animal species in the Pamlico River Estuary (4). This is
probably due to changes in oxygen in the deeper waters.

The blue crab, shrimp, clam and oyster are commercially harvested from the
estuary in sizeable quantities. In addition, the young of many saltwater commercial

fish may spend part of their lives in this estuary.
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Although there are salt marshes in several places along the estuary, these
are high marsh (Juncus sp‘j areas and do not contribute organic material to the
estuary. This contrasts with other areas of North Carolina coast where the
greater tidal range allows Spartina marshes to grow (low salt marsh). However,
this missing organic¢ matter is compensated for in the Pamlico River by dense beds

of widgeon grass, Ruppia maritima, and Potamogeton (rooted aquatic plants). These

are eaten directly by wintering geese and ducks and also furnish great quantities
of nutritious particulate matter when they break up and decay in the fall.

One of the reasons for the establishment of the Aurora laboratory was to
study the expected changes caused by the Tekas Gulf Sulfur Company phosphate
mine and fertilizer plant. The data on phosphorus concentrations in the estuary
are given in detail by Hobbie (9). Briefly, while phosphorus does enter the
estuary, it appears to have little effect on the expected target site, the
photosynthesis and growth of the algae. This is undoubtedly caused by the low
levels of nitrogen found in the estuary. In fact, the nitrogen is probably limiting
photosynthesis and algae are not able to utilize all the phosphorus. Another
conclusion of the study was that the concentration of phosphorus entering the

estuary from upstream (above the TGS site) is increasing rapidly.
III. SUMMARY OF WORK

We are summarizing in this section the major findings and conclusions from
several portions of the study., Basgic hydrographic information has been given by
Hobbie (10), maps of phosphorus concentration by Hobbie (9) and the species and
population of phytoplankton were reported by Hobbie (6). rVariousytheses, cited
earlier, contain the experimental findings of several studies related to this
project,

At least four different series of stations have been used during the study
Maps showing the Station numbers prior to March 1967 including the letter series

and the number series down the estuary are shown in Figure 2, Maps for the
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Station numbers for March 1967 through February 1967 and for June 1968 through

July 1969 are given as Figures 3 and 4.
IIT. A. Hydrography

Hydrography of an estuary (i.e., the temperature, salinity, dissolved oxygen
and river flow rates) are basic to the understanding of the ecology. Along with
ﬁhésphorus, phytoplankton and productivity measurements in the Pamlico River
Estuary, routine measurements were made of the temperature, salinity and dissolved

oxygen at all sampling stations during all sampling times.

IIT. A. 1. Procedures

During the sampling period reported here, hydrographic samples were usually
taken at two-week intervals. A conduectivity bridge with built-in therhistor
(Beckman RS5=3 Induction Salinometer) was used to measure salinity and temperature
in situ (except for a few times when hydromgters were used to determine salinity).
Watef samples for dissolved oxygen were taken with a kemmerer sampler, fixed
in the field and titrated in the laboratory (12). 1In order to calculate the
saturation value for the oxygen in the waters of wvarious salinities, the équation
developed by Truesdale and Gameson (13) was used. This formula, as modified by
Neal E. Armstrong (personal communication), is:

Cg = 475 - 2,658 .
33.3+ T °

where CS is the saturation value for oxygen (mg/liter) at the given temperature
and salinity, S is salinity (ppt), and T is temperature (C). The mg Oz/liter
times 0.7 equals the ml/liter used in this and earlier reports.,

The only river flow data from the Pamlico River area are those of the
U. S. Geological Survey (Annual Reports of the Water Resource Division, U.S.G.S.,

Raleigh) for the period 1967-1968. One station is on the Tar River, 49.2 miles
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upstream from Washington, N. C. (the western end of the estuary).. This has a
watershed of 2,140 square miles. The other station is on Durham Creek, near Edward,
N. C., about 6.7 miles south of the estuary. This creek has a drainage basin of
only 21 square miles and enters the estuary just to the west of the Texas Gulf
Sulfur Company plant.

The water flow in the two bodies of water was generally alike in basic
characteristics, but differed at many particular points (Figure 5). These
differences result from local storms at these widely separated stations, plus
the lag effects of a large versus a small watershed.

The water flow, reflecting directly the rainfall pattern, was’irregular at
both stations; there was, however, more flow during the winter. High flow
periods in the Tar River were: 1967 in late February, end of August, early
September, December; and in 1968 in January and at the end of March. For Durham
Creek high flow occurred in: 1967 in mid-February, July, August, September, and
December; and 1968 in January, mid-March and the beginning of June.

The wind speed and direction for the period 1967-1969 were provided by Texas
Gulf Sulfur Company observations. The data available included hourly wind speed
and direction measurements as well as other standard meteorological observations.
For the purpose of this report, the total wind movement per day (miles) and the
prevailing direction of that wind have been abstracted (Figure 6). The direction
is given in degrees, where 0° is a wind from the North, 90O is from the East, etc.
Unfortunately, the wind direction recording equipment was not operating during the
bfirst five months of 1967.

The average wind speed, based upon total elapsed miles per day, appears to
be much less than the 10 mph suggested as an average for the main coast line
(l4). 1If the average were 10 mph, then thé total per day would be 240 miles and
this is certainly much higher than the wvalues in Figure 6. Of course, the two

different methods of measuring as well as the methods of averaging may not be at
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all comparable. For this summary, concern is only with the strong winds that

would be capable of disturbing the stratification in the estuarine waters, and

these would appear high in a relative sense even if there were errors. It is obvious,

however, that the periods during the year of high winds were the winter and spring

months. Only once during the ten summer months observed were there any winds

greater than a total of 190 miles.
December and continued through May.

there were no severe summer or fall hurricanes.

Stronger winds began appearing in November and

However, during this period ofcobservation

The wind direction is much more

difficult to describe accurately in a report, but it appears that the strong

winds were out of the NE and NW.

The prevailing winds for the whole of Notth

Carolina are SW, except that in September and October, the prevailing winds are NE

(14). This change of direction in the autumn results from persistant high pressure

over the northern states and a greater number of low pressure storms passing off

North Carolina. The effect of these strong winds will be discussed later in the

section on:salinity changes.

11, A. 2, Salinity

The estuary 1s protected by Pamlico Sound and the Quter Banks so that the

diurnal tidal amplitude averages less than 0.5 feet.

The flushing rate is

correspondingly low (Table 1) and intrained particles fend to remain in the

estuary for long periods of time.

Table 1. Exchange ratiog and half-life values estimated for volume segments within
sectiong of the Pamlico River Estuary when freshwater inflow averaged

42 x 10° w>/tidal cycle (99.1 m3/sec). (15).

Section Length of Number of Average Half-life/ ;
Section Volume ;\Exchange Segment .
(miles) Segments Ratio (tides)

Washington to .

Rumley Marsh 28.0 3 .084 7.9

Rumley Marsh to

Indian Island 10.8 2 .082 8.0

Indian Island to

Pamlico Point 25.4 5 .073 9.1
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all comparable. For this summary, concern is only with the strong winds that

would be capable of disturbing the stratification in the estuarine waters, and
these would appear high in a relative sense even if there were errors. It is obvious,
however, that the periods during the year of high winds were the winter and spring
months. Only once during the ten summer months observed were there any winds
greater than a total of 190 miles. Stronger winds began appearing in November and
December and continued through May. However, during this period oftobservation
there were no severe summer or fall hurricanes. The wind direction is much more
difficult to describe accurately in a report, but it appears that the strong

winds were out of the NE and NW. The prevailing winds for the whole of Noxth
Carolina are SW, except that in September and October, the prevailing winds are NE
(14). This change of direction in the autumn results from persistant high pressure
over the northern states and a greater number of low pressure storms passing off
North Carolina. The effect of these strong winds will be discussed later in the

section on salinity changes.

IT, A. 2, Salinity

The estuary is protected by Pamlico Sound and the Outer Banks so that the
diurnal tidal amplitude averages less than 0.5 feet. The flushing rate is
correspondingly low (Table 1) and intrained particles tend to remain in the
estuary‘for long periods of time.

Table 1. Exchange ratios and half-life values estimated for volume segments within

sectiong of the Pamlico River Estuary when freshwater inflow averaged
42 x 10° w’/tidal cycle (99.1 m3/sec). (15).

Section Length of Number of Average Half=-life/

Section Volume “:Exchange Segment
{miles) Segments Ratio (tides)

Washington to
Rumley Marsh 28.0 3 .084 7.9

Rumley Marsh to
Indian Island 10.8 2 .082 8.0

Indian Island to
Pamlico Point 25.4 5 073 9.1




Changes in salinity seasonally sé&em to be associated with variation in
freshwater runoff (Figure 5). Williams and Deubler (16) indicated that this
general salinity cycle is characteristic of North Carolina estuaries. Salinity
is lowest during the late winter and early spring as shown in the typical salinity
map (Figure 7a). This decrease in salinity is closely associated with increases
in the flow rate in the Tar River (Figure 5). The salinity increases to maximum
values during the summer and fall (Figures 7b and 7c, respectively). These lower
salinity values correspond to low river flow rates (Figure 5). The salinity profiles
that appear to run parallel to the estuatine axis (Figure 7c) are the result of
strong easterly winds during that measurement period (Figure 6). This illustrates
the force of winds in the Pamlico River Estuary on water movements rather than
tidal forces.

The plankton bay system of Pamlico Sound replaces much of oligohaline system
of the Pamlico River Estuary during the late summer and fall. However, during the
more productive time of the year the system is essentially oligohaline, particularly
in the shallow waters where most of the species exist. The more or less permanent
oligohaline system lies westward of Indian Island (Figure 2).

During times of appreciable freshwater flow in the Pamlico River Estuary
salinity stratification can be observed. Thissstratification, however, can be

rapidly broken up by strong winds.

ITII. A. 3. Temperature

In contrast to the large changes in salinity, the temperature changes were
slight throughout the estuary (10). Typically, the river was warmer than the estuary
during the spring when the river waters warm up faster, 1In the fall, there is a
reversal of this situation as the sound waters cool slower than the river waters

and are, therefore, warmer.
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JAN. 29, 1968

PAMLICO RIVER
SALINITY (%)
JULY 13, 1967

j\)LL
. e,

PAMLICO RIVER
SALINITY (%)
NOV. 14, 1967

Surface profiles (in ppt) in the Pamlico River Estuary.
a. 29 January 1968

b, 13 July 1967
c. 14 November 1967

Figure 7.
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The maximum temperature of 1967 (31.2 C, 88.2 F) was recorded on 23 August but
the lowest temperature recorded on that same date was 24.5 C (76.1 F). Both of
these extremes were along the shore and illustrates just how difficult it is to
determine the average temperature of this estuary. Following this date, the
estuary began to cool and the warmer water of the sound occasionally intruded.
Finally, the entire estuary was virtually isothermal at 3.5 to 3.7 C (38.3 to 38.7 F)
during winter.

The summer of 1968 was quite warm and surface temperatures reached 34 C on
6 August. A temperature of 36 C (96.8 F) was found at the bottom of Station H4
on 23 August. There was statification of the salinity at this station also, and
so this is likely a pocket of warm, saline water that is heated by the sunlight.
This resembles the greenhouse effect of atmospheric heating and has been found in
many aquatic situations. Minimum temperatures were reached in January, followed

by a rapid rise in temperature during February.

ITI. A, 4, Dissolved Oxygen

Dissolved oxygen concentrations in the estuary are a balance between the
process of equilibrium of oxygen with the air, the photosynthesis and the
respiration. Some general patterns for surface and bottom dissolved oxygen
concentrations in the Pamlico River Estuary are given in Figure 8. While saturation
values of dissolved oxygen exist at the surface during the entire year, dissolved
oxygen decreased to very low concentrations during the summer in the middle of the
estuary (Figure 8c). Low oxygen concentrations occurred at the two stations (HI6
and H17) closest to the inflowing Tar River., 1t is likely that this is caused by
sewage from cities up river, especially Washington, N. C. Percent saturation of
dissolved -oxygen at the surface and the bottom of the Pamlico River Estuary for
sampling stations throughout its length during a period between winter and summer

are shown in Table 2.
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Figure 8.

PAMLICO RIVER
TOP D.O.
FEB. 26, 1969

PAMLICO RIVER 552 % g{
TOP D.O. r@ 52

JULY 4, 1969 -

0.90
415
0.09 "l
PAMLICO RIVER 0.00 g{
BOTTOM D.O. 3 053

JULY 4, 1969 0.54

Dissolved oxygen concentrations (ml/liter) in the Pamlico River Estuary.
a. surface, 26 February 1969

b. surface, 4 July 1969

c. bottom, 4 July 1969
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Table 2.

Percent Saturation of Dissolved Oxygen at the surface (S) and bottom (B) of the Pamlico River Estuary
13 December 1968 - 4 July 1969.

Station: H1 H2 H3 H4 H6 H7 H8 H10 H13 H1S5 H16 H17
13 Dec. 100 96 101 100 106 109 118 108 102 101 105 100
1968 95 98 67 100 102 107 107 103 100 92 100 103
6 Jan. No Data

1968 No Data

6 Feb. 928 78 104 105 106 87 113 103 88 106 100 83
1969 95 80 96 102 96 109 82 96 77 102 92 93
26 Feb. 86 93 98 94 127 99 111 86 105 97 - 113
1969 71 100 105 102 100 105 118 106 84 83 115 112
1 Apr.. -—- 91 89 95 88 94 92 94 92 91 82 87
1969 --- 106 101 86 47 92 95 99 91 91 92 82
15 Apr. 91 85 99 - --- 100 95 80 86 85 68 91
1969 77 76 86 -—- - 89 91 79 87 88 80 79
2 May 101 96 96 926 101 106 108 118 98 107 104 89
1969 - ~——— -—- ——— 93 97 108 17 101 113 91 93
3 June 97 93 99 94 101 101 103 92 95 926 109 129
1969 105 91 97 98 93 72 82 64 73 76 84 81
19 June 101 99 103 88 92 100 102 -——- 103 123 72 48
1969 98 95 76 59 55 41 21 --- 56 89 51 24
4 Jul. 124 103 132 88 105 108 101 126 89 -——— 89 93
1969 60 23 33 11 10 --- -——- 4 44 -— 80 17




II1. A. 5, Conclusions

This section of the report summarizes salinity, temperature and dissolved
oxygen measurements made in the Pamlico River Estuary of North Carolina during
1965 to 1969. The estuary is shallow and naturally productive, with a salinity
range of 0.5 to 15 or 20 ppt. The lunar tide is damped out by the Outer Banks
so that there is only a 6 inch change in water level. Wind tides are more
important and may raise or lower the water level more than 3 ft,
| Changes in salinity were closely related to the amount of inflowing freshwater.
This produced changes at one station, some 10 miles from the mouth of the estuary,
of 13 ppt. Upstream dams on the Tar River would certainly reduce much of this
flushing of freshwater and would thereby change the character of the estuary. It
is recommended that studies be made of the effect of these changes on the animals
and plants of the estuary so that accurate predictions can be made.
There were also changes in the salinity distribution due to the wind
speed and direction and also to the Coriolis Force. 1In general, the estuary
had lower salinities along the south shore as a result of these factors.
Temperatures ranged from close to freezing up to 93 F, although temperatures
above 89 F were unusual. There are no industrial effluents adding heat so
the temperatures found were the natural condition of the estuary. It is also
important to note that the temperature varied by as much as 7 F within the
estuary on one date so that average temperatures or natural conditions of the
water are extremely difficult to define. These facts become important when standards
are being set for thermal additions to estuaries, It is recommended that 93 F would
be a logical upper limit for an absolute standard for this estuary instead of the
90 F Federal Standard.
The estuary stratifies irregularly, but the waters are so rich that the
bottom waters lose all their dissolved oxygen within a week or sc after stratifi-

cation. As a result, benthic animals (bottom dwelling) are killed throughout
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large areas of this estuary,& Although tbe”estuary still has its natural flora and
faﬁna; ig is being'éﬁgiéhéd Ey ée&aéé and fafm funoff. If this could be reduced,
then the occurrence of these low oxygen levels would be reduced or halted entirely.
The estuary would then become an even better environment. It is recommended,
therefore, that every effort be made to reduce nutrient addition to this estuary

from urban and farm wastes as well as from fertilizers.
ITI. B. Phosphorus

Phosphate is a vital part of every living organism, yet is found in nature
at a very low concentration. For example, the use of carbon, nitrogen, and
phosphorus by organisms in nature has the approximate ratio of 106:16:1 (C:N:P)
(17). Estuaries usually contain around 1 ug-at P/liter (equal to 31 ug P/liter).
Ketchum (18) states that the maximum concentration of phosphate found in unpolluted
waters is about 2.8 ug-at P/liter for coastal waters. This implies that if more
than this amount were found, eutrophication or the speed up of biological activity
and the resultant changes in the biological population will begin. This also
implies that the necessary nitrogen and other nutrients are present. In fact, in
many coastal aquatic ecosystems there is not enough nitrogen present and it is said
that the nitrogen is the limiting factor.

In spite of the importance of phosphorus in estuaries, the annual cycles of
phosphorus have not been well studied in east coast estuaries. In one extremely
polluted situation, Moriches Bay on Long Island, the total phosphorus reached
80 ug-at P/liter in the river entering the bay (19). At the other extreme, the
open ocean has around 1 ug-at P/liter. 1In a recent study,'Carpenter, Pritchard,
and Whaley (20) reported that most of Cheseapeake Bay had between 1 and 2 ug-at
P/liter.

With the placement of phosphorus mining activities on the shores of the

Pamlico River Estuary in 1964, it was feared that large phosphorus additions would
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cause eutrophication., A large-scale sampling program was established in 1965
to monitor phosphorus concentrations off the slime pit effluent (Figure 1)
and later expanded to cover the entire estuary and its tributaries. The

following is a summary of that work.

IITI. Bo 1. Procedures

At two week intervals, surface samples were taken at each station and returned
to the laboratory for analysis. Analysis methods followed in general those
proposed by Strickland and Parsons (21). Part of the sample was filtered through
Gelman type A Glass Fiber Filters prior to analysis and part of the unfiltered
and part of the filtered sample was digested by the potassium persulphate oxidation
method of Menzel and Corwin (22) using an autoclave. All three samples were then
analyzed by the mixed reagent method of adding olybdic acid, ascorbic acid, and

trivalent antimony.

Total unfiltered P

not filtered - - ~ digested - = - analyzed

Sample € filtered = =~ - digested - = = analyzed = Total Filtered P

not filtered = = - not digested =~ = - analyzed = Reactive P

The color development was read in a Beckman DU II spectrophotometer and the’
optical density calibrated against standards. These standards proved to be constant
and -a factor of 5.0 multiplied by this spectrophotometer reading gave the concen-
tration. However, it was noted in 1969 that the calibration curve was not linear
above 10 ug-at P/liter énd that the previous readings obtained were underestimates.
Therefore, the concentrations measured prior to 14 October 1969, are low and can
be corrected by multiplying by a factor of 1.0 at 10 ug-at P/liter and 1.6 at
20 ug-at P/liter. Because this correction makes no difference to the conclusions
of this report, it was not applied to the data. It was also found that the curves
for total (digested) and reactive (undigested) phosphate concentrations versus

extinction had different slopes. Again the differences are slight, but this
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correction and the correction for the differing factors at high concentrations of
phosphorus will clear up most of the discrepancies of the data where the reactive
phosphorus is higher than the total phosphorus.

Phosphorus in the sediment was measured in a manner similar to the total
unfiltered phosphorus. A measured amount of sediment was placed in a beaker
" and the persulfate oxidation carried out in an autoclave before analyzing with
mixed reagent. The dry weight of the sediment was determined after two or three

hours of drying in a 100 C oven.

ITI. B. 2., Phosphorus in the Water

Measurements began in 1965 at five stations which were located at the numbered
series stations shown in Figure 2. These early results, which measured only
reactive phosphorus, were almost always below 1 ug-at P/liter (Table 3). Sampling
dates for this series were 29 June, &4 August, 19 August, 23 September, 12 November,
and 16 December 1965,

Table 3, Some samples from 1965 data of the concentration of reactive phosphorus
(ug-at P/liter) in the Pamlico River (See Figure 2 for location of stations).

Station 2 1 3 4 5
29 June Surface 0.15 0.00 0.25 0.25 0.50
Bottom 0.15 0,15 . 0.25 0.25 0.40
19 August Surface 0.85 0.70 0.05 0.40 1.25
Bottom 1.25 1.45 1.00 1.15 0.18
12 December Surface 0.00 0.02 0.02 0.01 0.03
Bottom 0,00 0.02 0.02 0.04 0.04

Although these few data are not enough for definite conclusions, it appears
that the upstream stationms are higher in reactive phosphorus and that low amounts
reach Pamlico Sound. Another interesting result is the higher concentrations in
some of the bottom water samples during the summer. This is due to the phosphate-

_iron relationship at low oxygen concentrations. When the Eh decreases, the



insoluable ferric phosphate changes to the soluble ferrous phosphate which then
enters the water from the sediment.

Regular sampling began in 1967 and the data are presented by Hobbie (9).

For the purpose of his report, the total unfiltered phosphorus was chosen because
the other two measurements are subfractions of this. The distribution and especially
the sources of the phosphorus was adequately illustrated by these concentration data.

When the total unfiltered phosphorus data are summarized for the upper, middle,
and lower river (Figure 9), it becomes obvious that there has been a general
increase in the concentration of phosphorus in the upper river over three years
of sampling. In this graph, the means and rangés are plotted and not all stations
have been included. For example, stations 7-9 which fell into an intermediate
region between the upper and the middle river were omitted. In spite of the
scatter of values and the seasonal changes, there was a tripling in the
phosphorus concentration in the upper river.

The middle river (middle section of Figure 9) was greatly affected by the
high concentration of phosphorus entering from Texas Gulf Sulphur (Lee Creek).

These high concentrations started in August 1967 (a data point is missing in the
graph but one value reached 23 ug-at P/liter) and ended the next August (1968),
but did start again a year later (August of 1969).

The lower section of the river has fewer stations but also seems to be
strongly affected by Texas Gulf Sulphur's activities. The periods of relatively
high phosphorus concentrations correlate well with the high values in the middle
section closer to Texas Gulf Sulphur. While it is difficult to say whether or not
the amount of phosphorus reaching Pamlico Sound is increasing, most of the time

only low levels reach the sound.
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Figure 9: The means and ranges for the total unfiltered phosphorus (ug~-at P/liter)

"in three strata of the Pamlico River, 1967-1969.,  The upper section
(closest to Washington, N. C.) contains Stations 1-6 (1967-1968) and
H9, 10, 11, 16, 17, (1968~1969). The middle stratum contain stations
11-35 (1967-1968) and H4-7 (1968-1969). The lower stratum contain
stations 36-39 (1967-1968) and H1-3 (1968-1969).
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IIT1, B, 3. Phosphorus in the Sediments

A total of 48 samples were taken in the estuary for analysis of the phosphorus
in the surface sediment. The river was divided into six strata and 8 random
samples were taken in each stratum (4).

Another set of 25 samples were taken in a series of transects off the Texas
Gulf Sulphur plant and yet another of 44 samples were taken off the slimes
settling pond. All samples were classed as either sand or mud.

The series is difficult to interpret as one set was taken in July (estuary)
and the others in October. There might have been changes due to season, but these
are as yet unknown. However, there were no statistically significant differences
between the strata even though Texas Gulf Sulphur added phosphorus would affect
only 3 strata. Besides the great differences between the sand and the mud, there
were also differences that were correlated with different oxygen conditions (Table
4). As already noted, when the oxygen is very low, the phosphorus is transformed
into a soluble form and leaves the sediment.

Table 4. Phosphorus concentrations in surface sediments of the Pamlico River

Estuary, off Texas Gulf Sulphur and off slimes pond, 1968. Concentrations
are reported.as ug-at P/mg dry weight of sediment.

Mean No. of Samples S. D. S. E.

SAND:
River 13.2 25 7.60 1.51
Off TGS 44,6 8 40.87 14.45
Off Slimes 30.8 21 27.60 6.02

- MUD:
River, high 0, 43.8 15 13,32 3.44
River, low O 24,2 8 3.58 1.26
Total River %low + high) 37.0 +23 14.43 3.00
Off TGS 113.1 17 29.57 7.17
Off Slimes Pond 121.8 23 44,76 9.33
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Some very high values, for example 112.4 and 85.6 ug~at P/mg for sand, were
found off Texas Gulf Sulphur plant and the average for the mud is also very high.
Increased mud levels were noticed off the slimes basin, with one value reaching
191.7 and another 194.4 ug-at P/mg. 1In view of these high values, it appears
that the phosphate mining has raised the phosphorus level in the sediment. The
great variabilit?lfrom sample to sample and the lack of an adequate number of samples

makes it difficult, however, to draw solid conclusions.,

IIT. B, 4. Conclusions

Unlike some pollutants, phosphate is not harmful by itself, at least not at
the concentrations found in this river or even those found in Tampa Bay where
thousands of pounds of phosphorus are being dumped every day (2). However, when
other nutrients, such as nitrogen compounds are available to work in concert with
the phosphorus, then the algae will take advantage of the improved conditions,
grow faster, change in species, and eventually produce harmful blooms. Ultimately,
this speed-up of the algal growth will produce an eutrophication, or enrichment of
the whole biological system and lead to a rapid change in the whole biota. For
example, if the type of algae change, then the oyster and the clam larvae may not
survive as well and eventually be eliminated from the river. The same could
happen to shrimp and fi;h larvae. The rich environment will produce so much algae
that decay and odor problems will eventually reduce the recreational opportunities.

The first conclusion that can be reached from these data is that the Pamlico
River is naturally rich in phosphate. Relatively high concentrations are present
in the Tar River waters entering the estuary but these have probably tripled in
the past three years. These concentrations alone equal and surpass the 2.8 ug-at
P/liter suggested by Ketchum (18) as a'likely upper level for unpolluted coastal
waters. The considerable amounts of phosphorus added from the plant wastes of Texas

Gulf Sulphur are, therefore, added to a river already very rich in phosphate,
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Some biological data‘from this river have already been presented (2) that
indicate that little biological effect of the added phosphorus from Texas Gulf
Sulphur can be measured. TFor example, data will be shown in later sections
indicating that there were no discernable additional algal quantities or photosynthesis
in the areas of the river where there were high phosphorus concentrations. Experiments
with added nutrients revealed that nitrate stimulated photosynthesis while phosphate
did not. Finally, large scale experiments in one~half acre artificail estuaries
revealed no effect of added slime pond decant water or periphyton (7) and phyto-
plankton (8). Of course this is only a preliminary conclusion, but it appears that
nitrogen is limiting in this estuary and that the polluting effects of the Texas
Gulf Sulphur phosphate are slight at this time. However, if other nutrients become
available these phosphorus concentrations could lead to eutrophication.

1f these high amounts of phosphorus were added to a lake there would be a
strong pollution effect. Luckily, there are several differences between a lake
and an estuary. First of all, the estuary is a flow-through system and much of the
phosphorus is removed from the estuary within a number of weeks. A lake, in
contrast, would hold almost all the phosphorus in its waters and sediment where it
could be recycled several times. A second difference lies in the slight amount of
stratification in the estuary, Once phosphorus dces reach the sediments, it is held
by chemical precipitation from returning to the water column. A stratified lake,
on the other hand, has active recycling of soluable phosphorus because of the reducing
nature of the lower water and the top of the sediments. In this estuary, signifi-
cantly lower amounts of sediment phosphorus were found in those areas of low oxygen
content (Table 4). If conditione in the Pamlico River Estuary should lead to low
oxXygen water on a more widespread basis, considerable phosphofus could be expected
to re-enter the water from sediments.

The sediment, however, is also a dynamic exchange system for phosphorus, not

merely a receptacle for sedimented material. Much of the phosphorus lost from
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the water goes into the sediment as the water moves downstream. An equilibrium
is set up and if water low in phosphorus passes over these sediments, some
phosphorus will go into the water.

Perhaps the finding with the most impact for the future of the estuary is the
tripling of the phosphorus in the Tar River inflow over three years. It is likely
that this phosphorus is accompanied by nitrogen and that it comes from sewage as
farm land usually holds very tightly to added phosphorus. Thus, sewage fertiliza-
tion is rapidly increasing in the river basgin and if the rate of increase continues,

can only harm the estuary within the next few decades.
III. C. Phytoplankton

The type and abundance of phytoplankton give important clues about the
trophic level and state of eutrophication or pollution of aquatic systems. The
algae respond rapidly to slight changes in the river, lake, or estuary, and their
response is often the first sign of changes due to man's activities. In spite of
their importance as an indicator and as a basic contributor to primary productivity,
relatively little is known of their species and abundance in estuaries. This is
partly a result of the specialized knowledge of taxonomy necessary to identify
the various species, but also stems from the great difficulty in adequately sampling
the algae. Estuarine populations change rapidly in space and time and a tremendous
amount of work is necessary to obtain any meaningful data. In contrast, larger
aquatic organisms, such as molluscs and fish, are not only easier to sample and
identify, but they have an immediate commercial value that has stimulated their
study.

Phytoplanktor species, numbers, and biomass in the Pamlico River Estuary of
North Carolina during the period August 1966 through April 1968 are summarized

here. Details of the phytoplankton study are given by Hobbie (6).
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I111. C. 1, Procedures

It is cbvious that methods used for taxonomic study are not suitable for an
ecological study such as this.. The main objective of a taxonomical study is to
obtain species description and distributicons. In contrast, an ecological study
must measure the amount of aigal biomass present because it is fed upon by zooplankton
and other animals. For this reason, numbers per liter afe not adequate but must
be changed to a volume or weight basis (the volumes of individuél phytoplankton
cells may range from 1 to more than 10,000 u3).

The method of study chosen was the Utermohl technique which utilizes settling
chambers and an inverted microscope. This method (23) has become the standard in
marine and freshwater phytoplankton work; its only drawback being the amount of time
necessary for each sample. The most important advantage is that the method enables
counting the fiagellates and nonmoplankton as well as less fragile, larger forms.

One examﬁle df the importance of technique and of flagellates is mentioned by

Patten, Mulford and Warinner (24). They found that Ehe large diatom. blooms found

by earlier Workeré in Cheéaéeake Bay were matched by equally large flagellate blooms.
Evidently the flagellates were lost or destfoyed with a net-plus-formalin treatment.
Dr. E. M. Hulberts Woods Holé Oceanogréphic Institution, helped with the early
identificaﬁion éroblems, but should not be held %esponsbile for the taxonomic

errors that may have crept in since his visits in 1947,

For determinihg the number of organisms and‘their biomass, the method of
Utefmﬁhl (25) was used. Briefly; the 6rganisms were presefved in a Lugol's-type
golution, settled into a smallrcounting chamber, the excess water removed, and the
organisms counted with anlinvérted microscope.

Immediately after the unfiltered sample is collected in the field, 100 ml are
placed in a glass bottle with a Polj-SeafE}inner cap. Next; 8 drops of Lugol's
solution plus scdium acetaté are added. The usual solution has acetic acid added,
but this modification of it preserves the coccolithophores mﬁch better than the

acid. The formula is: 10 gm I, + 20 gm KI + 21.85 gm NaAcetate + 200 ml water.

2
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The samples are then preserved indefinitely, but care should be taken to keep them
out of bright light and to renew the color of any samples that becomes faded.

The settling apparatus consists of a settling chamber that is 1 ineh (25.4 mm)
in inside diameter and 2% inches (6 cm) high glued on to a square pléte of glass
with a 1 inch hole in the middle. This settling chamber is'placed on top of the
counting chamber which consists of another square platebof glass with a 1 inch
hole -~ the hole has a cover slip glued over it (Pliobonégg. Next, the thoroughly
mixed sample is poured into the chamber leaving a pogitive miniscus at the top.

A Small square of glass is then moved across the top to complete the settling
apparatus (there should be no air bubbles inside).

This settling apparatus with the enclosed sample is next placed in a moist
chamber for 24 hr to allow the preserved algae to all settle to the bottom. If
different size chambers are used (all the same diameter, however), then approximately
4 hr of settling time per cm of cell height should be allowed.

The settling chamber is moved off the counting chamber and replaced by a
thin glass square. This is accomplished by placing counting chambers upside down
on both sides of the settling apparatus. A thin square of glass is‘plaéed on the
right hand upside~down chamber and the settling chamber is pushed from right to
left with this thin square. A little practice will enable this manuever to be
carried out so that no water escapes from the settling chamber and so that the
counting chamber contains no bubbles.

Finally, algal counts are madé with an inverted microscope and reported as
numbers of individuals per liter or as total algal biomass per liter. Usually,
at least 100 individuals of the most common species were counted in each sample.
This gives approximately + 207 at the 95% confidence level (26). Counts were
usually made at a total magnification of 600X. The counts for each species were
converted to numbers per liter from calculations involving the area of the
coverslip actually counted, the area of the whole coverslip, and the volume of the
settling chamber plus counting chamber. These counts of numbers per liter for each
species were converted to volume (cubic microns) by estimating the volume of an




average individual of each species with geometric formulae. Finally, the total
volume of the algae for a liter was converted to a>weight by éssuming a specific
gravity of unity.

Two series of stations were sampled: one series from August 1966 to August 1967
is indicated by the letters in Figure 2; and the other from March 1967 to February
1968 is shown in Figure 3. The first series was designed to examine effects of
the effluent from the phosphate slimes (mining waste) pond shown in Figure 1,

When no effect could be found, the sampling was expanded to include most of the

estuary to check upstream effects (Figure 3).

11T, C, 2., Summary of Phvtoplankton

The annual cycles of biomass and numbers of phytoplankton are given in
Figure 10. These are averages of samples from all the stations, but because of
frequent bad weather and occasional loss of samples, the number of samples is not
the same on every date. Details are given in Hobbie (6) for all samples.

During the 1966-67 sampling, there were two periods of biomass abundance;
an early spring peak and a late summer peak (Figure 10). Here, the late summer
peak is just declining when first sampled and is followed by a period of low
biomass that lasts until mid-January. Then a large peak occurs that remains until
late March. A subsequent period of low biomass during April, May, June,. and July
gives way to thellate summer peak during August. |

The numbers of algae per liter have a slightly different cycle. It is important
to realize that the biomass peaks are made up of moderate numbers of medium size

3
organisms (e.g., the 3200 u~ Peridinium triquetrum). The number peaks are made up

of large numbers of small forms (e.g., a small blue-green alga with a volume of
a few cubic microns). In this cycle period, there were peaks during April and at

the end of July,‘
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The late summer peak of algal biomass is a diverse one, and a number of
different species attained high numbers. On this date, for example, a Gymnodinium,
a Polykrikos, and a Gyrodinium all had high biomasses. Hidden in this figure is
another facet of the algal eycle in tlie Pamlico River ==~ that the majority of the
biomass is always in the center part of the river and that the stations nearer
to Pamlico Sound (station F in Fig. 2) always have very low biomass. The diatomé
are always much more important at statien F than they are at other stations (6).

The portion of the curve from 1967+68 (March to August 1967) overlaps with
the data (Figure 10). This overlap occurred when the expanded series of sampling
runs were initiated that covered much more of the estuary. As may be seen, the
relative position of the biomass and number peaks agree very well, even though'.
the exact values may differ somewhat. This difference is caused by the greater
range of conditions that are sampled in the more numerous stations. Both the
upstream stations and downstream stations had much less algae than the middle reach
stations ~- and these middle stations made up the majority of the stations averaged
during 1967-68,

The March 1967 samples were taken during the annual Peridinium bloom (6).

This bloom then died down and by mid-May most of the Peridinium were gone. The
late summer peak of dinoflagellates occurred again in 1967 (mid- and late August)

and was made up of Gyrodinium, Peridinium triquetrum, and Katodinium. This peak

had disappeared by early October and from then until early December the dominant

forms were Polykrikos, Gyrodinium, and Cyclotella. The sample in early December

had a low biomass, but all the bloom algae were present -- these same algae made

up a tremendous bloom in late December and early January with P. triquetrum dominant
as usual, This large bloom was interrupted by rains and high river and stream flow
in early January and the bloom was completely washed out of the estuary (Figure 5).
By early February it had recovered and decreased from this date until the sampling
ended in early April.
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Figure 10. Average biomass and numbers of phytoplankton in the Pamlico River Estuaxry.
Sampling stations for 1966-67 in Figure 2 and for 1967-68 in Figure 3.
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The 1967-68 annual cycle of numbers is quite different than the biomass cycle.
Tﬁé éirSt difference occ¢urred in mid-April when the bloom of P. triquetrum was
dying out and a large number of small (5 micron) flgellates were found that raised
the numbers but not the biomass. Small flagellates also caused a numbers peak in
mid=July and throughout October. As was true in 1967, the large biomass peak of
P. triquetrum that occurred in December 1967 and January 1968 was not reflected at

all in the numbers of organisms.

171, C. 3. Coneclusions

The annual cycle of phytoplankton numbers and abundance that was found in the
Pamlico River Estuary is éimilar to that found in other similar estuaries in
southeastern U. S. The same cycle was found in Chesapeake Bay tributaries (24, 27),
but not in the Cape Fear River (28) where there is a four foot tide and a large
tidal exchange. 1In North Carolina, the estuary of the Neuse River is also likely
to have a similar cycle but the Albemarle Estuary may not as it is much less saline,
Overall, the flagellates are dominant in this type of cycle with peaks in January,
February, and March, and in late~summer (August, September). Farther on downstream,
where the salinity is higher, the diatoms are more abundant and are likely dominant
in the main part of Chesapeake Bay and Pamlico Sound.

It has been shown (Section III.B.) that there is abundant phosphorus in the
Pamlico River Esgtuary at all seasons of the year; the quantities appear to be more
than enough to produce blooms. This being the case, it is logical to assume that
nitrogen, trace metals, vitamins, or other organic ccmpounds might be inducing the
bloom., After reviewing the unpublished data of the Pamlico Marine Laboratory
(subsequent report) on nitrogen concentrationg it is clear that the high nitrate
concentrations found in the middle sections of the river in December, January,

- February, and March correlate very well with the dinoflagellate bloom. These high

concentrationg may be found in other months in the head of the estuary, but evidently
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are rapidly removed from the water in the upper part of the estuary. Either because
of increased concentrations or because of the low temperatures that reduce biological
activity, the nitrate is not recovered so rapidly during the winter and high
concentrations are found iﬁ the middle sections of the estuary.

It has also been found by Harrison (29) that the nitrate reductase in the
particulate material reaches a peak that coincides with the peak of P, triquetrum
biomass., This indicates that the algae have the capability of using the nitrate
as their nitrogen source, and are likely responsible for much of the uptake,

Overall, the algae indicate that the Pamlico River Estuary is a highly
eutrophic body of water. Whether or not it should be called polluted depends upon
the definition of pollution chosen and also upon someone's opinion as to the state
of the river before man's activities began in the drainage basin. Because the
algae are not a hindrance to fishing or recreation, it is concluded that the estuary
is not polluted. The natural fauna are still present and, so far, the algae are
the only indicator showing pollution, Of course, any more nutrient enrichment
should be avoided as the next step may be deoxygenation of the water. This
deoxygenation would undoubtedly kill many fish and shellfish. Although it is
just speculation at this point, it is very likely that if the algal bloom occurred
during the summer months, the increased respiration associated with the higher
water temperatures might well reduce the oxygen to a low level, For this reason,
it is important to understand how the phytoplankton are operating and to avoid any

changes to the estuary regime that would create an algal bloom during summer.
III. D. Phosphorus Exchange and Sediments

One possible fate of phosphorus entering the Pamlico River Estuary is settling
to the bottom and becoming incorporated in the sediments. It is thought that once
- phosphorus reaches the bottom it is irreversibly bound to the sediment and can no

longer enter the water above, except under drastic mixing situations, If this is
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Table 12. Flow of SPW into artificial estuaries and concentration of SPW and sewage
in plastic pools with temperature and salinity data during the experiments
(Carpenter 1969).

First Av. temp. 19.4 C, Range 15.7-23.0 C
investigation Av. sal. 7.4 o/oo, Range 7.0-8.1 o/oo
4/2-5/26/68

Estuary number . 0 1 4 2 5

SPW in liters/min 0 1.9 7.6 30.2 121

% SPW in estuaries 0 1 3 13 51

Second Av. temp. 29.2 C, Range 26.8-32.0 C
investigation Av. sal. 7.4 o/oo, Range 4.7-11.8 o/oo

7/25-9/7/68

Estuary number 2 6 4 5 1 3

SPW in liters/min 0 0 7.6 7.6 30.2 30.2
% SPW in estuaries 0 0 3 3 13 13
Third Av. temp. 6.6 C, Range 3.0-10.2 C
investigation Av. sal. 9.3 o/oo, Range 4.7-11.0 o/oo

1/7-2/12/69

Treatment: Controls Sewage mix  SPW 151 Sewage mix 15.1
15,1 liters 1liters per + SPW 151 liters
per pool pool per pool

o - " - - (G . - 0 W 8 0 e e em A G e e e W e A e W e e G Om M G e e N G R e e Ge M SR S8 G G e e

Pool number 1, 3 2, 4 6, 8 5, 7
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