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The purpose of this study was to determine what ecosystem functions are
served by submersed aquatic plants (macrophytes) in the Pamlico River estuary
of llorth Carolina.

Aerial vhotography was used successfully to mar submersed plant bheds,
Coverage of macrophytes varied considerably during the growing season but mai-
imun coverage was relatively stable between 1874 and 1975, especially in up-
strean areas, Field studies in 1974 showed that the biomass of macrophytes

- - - . C o . - . "
ranged from 2.3 - 5C g/m” organic dry weight (ODW), and total biomass in
[ ; ~ e 2 Y > : o -
August 1975 was 22 - 100 g/m” 0DV, with highest values upstrean and in deep
e
viater beds., Through the combined use of acrial sphotcgraphy and field studies
total biomass estimates were made., These estinates were 104 1T (metric tons)
ODW in August 1974 and 198 IMT ODW in August 1975, Iligh biomass was related
to physiography of the littoral, stable salinity and reduced wind and wave
O ..u 3 o
strecs, Studies of plant bed distribution patterns revealed thalt turbidity,
fluctueting water levels and currents were important factors affecting colon=

& of floating macrophyte debris showed that most of the

e
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ation, Stud
aquatic plant bilomass was lost to detritus between August and November, Com~
paratively little plant material left the-area of the estuary where it was

produced in the flocting staege. Inorganic nutrienis in acuatic macrophytes,

especially vhosvhorus, were relatively high, Vallisneria americana Michx,,

the dominant species, contained 2250 A( ¢ c—at/g 0D nitrogen and 235 A g~at/g

ODV phosphorus., These values are well abeve these reported to be limiting

1Y, JOYHER LIRAEY
EAST CARGLINA UNIVERSITY



BIOMASS AND REMOTE SENSING
OF AQUATIC MACROPHYTES

IN THE PAMLICO RIVER ESTUARY

A Thesis
Presented to

the Faculty of the Department of Biology

In Partial Fulfillment
of the Requirements for the Degree

Master of Arts in Biology

by

Thomas Martin Vicars, Jr,

June 1976

238764



BIOMASS AND REMOTE SENSING
OF AQUATIC MACROPHYTES

IN THE PAMLICO RIVER ESTUARY

by

Thomas M. Vicars Jr,

APPROVED BY:

SUPERVISOR OF THES /%//*’/‘V"”‘"d 2 /’f%&‘*ﬁ/

IS5
— Dr. Graham Jg¢ Davis

CHAIRMAN OF THE DEPARTMENT OF BIOLOGY

R e,

Dr, James S. McDaniel Ed

DEAN OF THE GRADUATE SCHOOL

Dr. Josevh G, Boyett >
‘ Cre




ACKNOWLEDGMENTS

Grateful acknowledgment is made to Dr, Graham J. Davis, my thesis
supervisor, who guided me through this project and made my thesis
possible. I would also like to thank the other members of my thesis
committee, Drs, Mark Brinson, Charles O'Rear, Richard Stephenson, and
Clifford Knight, for their constructive suggestions.

Craig Zamuda, Pete Kornegay, Kurt Getsinger, Dave Davis, Chuck
Durham and David Bradley graciously donated equipment or their time
to the completion of the field work. Their help is deeply apprec—
iated.

This research was supported in part by the VWater Resources Research
Institute of The University of North Carolina and the United States Depart=

ment of Interior (Project No, A -~ 077 = NC).



TABLE

LIST OF TABLES. . . o+ . .
LIST OF FIGURES . . . . .
INTRODUCTION, o« o o o o+

Study Area . . . . .
MATERIALS AND METHODS . .

Field Studies = 1274

Field Studies « 1975

Aerial Photogravhy .

Floating Plant Study

Nutrient Analysis. .

RESULTS AND DISCUSSICHN. .

Aerial Photogravhy .

Physical Data. . « o

Biomass Studies. , .

Diversity. . « « .« .

OF CONTENTS

.

Total Estuarine BDiomaSS. ¢ « o o o o

Weight Relationships of lMacrophytes,

Patterns of Submersed Plant Bed Distribution

Floating Plant Studies « « o o &

Nutrients in fouatic Macrophytes

Filamentous Algae. .

SU}H" LI?Y e e o e o ¢ e e o

LITERATURE CITED. & « o &

APPm\TI)IX . . . . L4 9 * .

. »
. L]
L .
. .
. .
. .
P
. .
. .
. -
. .
. .
. .
. .
. .
. L
. .
. -
¢ e
. *
. -
. .
. .
¢

11

11

15

17

19

20

22

22

32

40

&4

46

48

62

68

&3

91

85

99



10.

11.

12.

13.

14,

15,

LIST OF TABLES

Aerial photography obtained during flights over the Pamlico
RIVEDr €BLUATY. o o o o o o » o o (0 o & i o s s & s o 8 5 & %

Accuracy and precision tests of panchromatic photography . .

Summary of plant bed areas (ha) from four flights over the
littoral of the Pamlico River estuary. « o o o o ¢ o o o o o

Annual means of hydrographic data from the Pamlico River
estuary study area July 1974 through June 1975 , ¢« ¢ & ¢ o o o

Summary of transect data for aquatic macrophytes in the Pame
lico River estuary during 1974 . ¢« o ¢« o o o o o o ¢« s o o o o

Species composition of aquatic macrophytes in the Pamlico
River estuary in August 1974 . o ¢ o ¢ o ¢ o o o o o o o o o o

Biomass and species composition of aquatic macrophytes in the
Pamlico River estuary in August 1975 . ¢ ¢ o ¢ o o o o o o o o

Diversity indices of aquatic macrophytes in the Pamlico
River estuary in August 1974 ¢ & ¢ ¢ o o o o o o« o o o o o o o

Diversity indices of aquatic macrophytes in the Pamlico
River estuary in August 1975 . 4 ¢ o ¢ ¢ o o o o ¢ ¢ o o o o o

Estimated total biomass of rooted aquatic macrophytes in the
Pamlico River estuary obtained with aerial photography and
ground truth methOdS - Ll . . . . . L] . L] L] Ll . . . . . - . . Ld

Weight relationships of aquatic macrophytes in the Pamlico
River estuary. L] . . L] L] . L] . . . . . . . . . . . . L] . L L] .

Index of clumping for Vallisneria americana within different
bed types in Blount 's Bay. . . . L] . . L3 L] . L3 . Ll . . - L] L] L]

Seasonal and spatial distribution of floating macrophyte
debris in the Pamlico River estuary during 1974 - 1975 , . . .

Storm-induced changes in the concentration and distribution
of floating macrophyte debris in Blount's BaVe « o ¢ ¢ o o o o

Nitrogen content of aquatic macrophytes in the Pamlico
River estuary in August 1975 & ¢ ¢ ¢ o o o ¢ o o o o o o o o o

18

24

26
29
<
87
38
41

42

45
47
52
65
67

69



16.

17,

18,

19,

20.

21,

22,

Phosphorus content of aquatic macrophytes in the Pamlico
River estuary in August 1975 e e ¢ o e e e o e & © e © e © o @ 70

Biomass and nutrients in aquatic macrophytes in the Pamlico
River estuary, AUgust 1975 4 4 ¢ ¢« ¢ o o o o o o ¢ ¢ o o o o o 84
Biomass of Compsopogon coeruleus in the Pamlico River estuary

during August 1974 ¢ o o« o o o o

* e ¢ o e s = . e o s o « o 85

Biomass estimates 03 nuisance algae in the Pamlico River
GELUATYw « o 0 @ 5 s © o ® 6 & & & & o 60 & 5 ® & o .8 & & & & 86
Standing crop and inorganic nutrient concentrations of

Cladophora glomerata and Vallisneria americana during a bloom

at km 21 S on the Pamlico River estuary, August 1975 . . . . . 88

Conparison of maximum submersed plant biomass in 1974 and 1875 =
as measured by two different methods ¢ o ece ¢ ¢ o ¢ o ¢ o o « 102

Sanpling intensity needed for detecting year to year biomass
cha.nges with 95?5 CONTICGCNCCs o ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o o o a o o o 104



4o

10,

11.

12.

LIST OF FIGURES

The northern and central coastal regions of North Carolina

The Pamlico River €StuUal'ye o« o o o o o o o o o o o o o o o
Locations of transects in the Pamlico River estuary used
in the 1974 biomass STUAIES. o « o o o o o ¢ o o o o o o o
Upper = Mean water temperature in the littoral of the Pam~
lico River estuary during 1974-75, Middle = Mean Secchi
depth in the littoral of the Pamlico River estuary during
1974~-75, Lower = Salinity in the littoral of the Pamlico
River estuary during 1974-75 e o e o ¢ © @ e & ° ¢ e o o o
Aerial photograph depicting the two photographic images
designated as 'shallow" and ''deep" bed types (indicated by
arrOWS). . . Ll L] - . L] ° L] . . . L] . . . . L] L] L] . L] L] L] .

Aerial photograph taken from 1333 m altitude at km 14 S
(23 OCtOber 1974)0 e o e o . L] L3 . . . L] . * L L) . . . . L]
Aerial photograph taken from 666 m altitude at km 29 N

(10 September 1975)c ¢ o « o o o ¢ ¢ o o o o o s o o o o

Aerial photograph of 'halo' circular beds from 666 m
altitude in Blount's Bay (KM 13 S) & 4 o o o o « o o o o o

Upper = Mean seasonal catch of floating material and total
macrophyte biomass on the north shore of the Pamlico River
estuary, August 1974, Lower = lean seasonal catch of
floating material and total macrophyte biomass on the
south shore of the Pamlico River estuary, August 1974, . .

Nitrogen:phosphorus ratios for Vallisneria americana in the
Pamlico River estualy. « o o o o o ¢ ¢ ¢ ¢ ¢ o @ o o o -0

Upper - Biomass of Vallisneria americana in the Pamlico
River estuary, August 1975, Iiddle - Hitrogen content of
Vallisneria americana in the Pamlico River estuary, August

"1975, Lower - Phosphorus content of Vallisneria americana

in the Pamlico River estuary, August 1975. . ¢ ¢ o o o o o

Upper - Biomass of Potamogeton verfoliatus in the Pamlico
River estuary in August 1975. Middle - Nitrogen content
of Potamogeton perfoliatus in the Pamlico River estuary
in August 1975, Lower - Phespnorus content of Potamogeton

perfoliatus in the Pamlico River estuary in August 1975, . .

13

31

51
55
57

60

64

74

76

79



13.

‘ vii

Page

Upper = Biomass of Najas guadalupensis in the Pamlico River
estuary, August 1975, lMiddle = llitrogen content of Najas
guadalupensis in the Pamlico River estuary, August 1975,

Lower - Phosphorus content of Najas suadalupensis in the

Pamlico River estuary, August 1975 . ¢ ¢ ¢ o o o o o o o o o 82




INTRODUCTION

In understanding an ecosystem one must know the diversity and relative
importance of food sources as well as the distribution of inorganic nutri-
ents in living and non-living components. This research was designed to
study these parameters for the submersed aquatic plants (macrophytes) of
the Pamlico River estuary.

Perhaps the most important function of aquatic plants is their role
as a food source, Plant biomass lost through senescence, leaf breakage
or uprooting can be digested and utilized by micrcorganisms which are, in
turn, eaten by other organisms in the detrital food web, Food from macro-
phytes may also move through higher trophic energy levels by direct feeding
on the plants by waterfowl, fish and invertebrates., In both waterfowl
feeding and grazing by fish, cellulose, an important ecosystem food, is re-
turned mainly undigested to the detrital system.

The aquatic plant component of an ecosystem also serves as a source
and sink for inorganic nutrient elements, taking up nutrients during the
growing season and recycling them during the annual die-back,

Plant beds also'shelter smaller fish and invertebrates reducing pre-
dation in addition to shading the sediment and providing a diversity of
microhabitats., The plant's physical structure functions as a substrate
for epiphytes and invertebrate populations.

The objective of this study was to determine what, if any, ecosystem
functions are served by aquatic macrophytes in the Pamlico River estuary.
Specific objectives were to:

(1) estimate the maximum seasonal biomass of submersed aquatic plants

(2) study the distribution patterns of plant beds in the estuary and



some physical factors associated with these patterns

(3) study the distribution and biomass of nuisance filamentous algae

(4) determine the seasonal and spatial distribution of floating macro-
phyte debris resulting from senescence and death and,

(5) investigate the importance of aquatic plants as sources and sinks
of inorganic nutrients,

An estimate of seasonél maximum (terminal) biomass might be a reliable
measurement of the contribution of aquatic plants to the detrital food
web, However it should be remembered that, in some cases, terminal bio-
mass may be an underestimate of net primary productiiity unless factors
such as turnover rates, direct feeding losses and seasonal coverage fluct-
uvations are considered, In earlier work on the Pamlico River estuary
Reed (1976) found that most of the aquatic plant biomass enters the
detrital decay system either as senescing leaves during the growing season
or as uprooted plants, especially during fall storms at the end of the
season, Notable exceptions are some grazing by waterfowl and fish, 1In

isolated beds of Potamogeton perfoliatus var, bupleuroides (Fern.) Farw,

(redheadgrass), leaves are stripped but midribs remain intact.

Harrison and Hobbie (1974) reported that the detrital pathway is appar-
ently more important than direct feeding on phytoplankton by hérbivores
in the Pamlico River estuary, It has been suggested by Copeland and Hobbie
(1972) that rooted aquatic macrophytes may form an important food source
as detritus here, as compared to other estuaries, in that there are few
marshes and these are not regularly -flooded. In order to determine the
magnitude of this source, terminal biomass estimates were made through the

combined use of remote sensing (aerial photography) of submersed plant



beds and classical transect and quadrat techniques in the field (ground
truth).

Remote sensing has only recently been applied to the analysis of est-
uarine or other coastal waters, The use of aerial photography for studying
submersed plants has progressed from cameras suspended from a balloon (Ed=-
wards and Brown 1960) to sophisticated analytical techniques of color, as
exemplified by Lukens (1968), and multispectral sensing (Gustafson and Adams
1973, Wezernak and Lyzenga 1975). In most cases, however, the methods have
involved complicated analyses with expensive instrumentation which are just
now beginning to be adapted to study of large areas, This study emphasizes
unencumbered aerial photography as a tool for mapping submersed plant beds,
This approach is relatively rapid, accurate and economically feasible, The
resulting data helps develop the biomass estimates and provides information
on the distribution patterns of submersed plant communities.

Localized but dense growths of filamentous algae in the estuary have
caused some public concern by disrupting fishing and retarding recreational

use, Compsopogon coeruleus (Balbis) Mont, and Cladophora glomerata (L,)

Kutz, were the two most important species affecting public use of the est-
uary. Therefore studies of the distribution, biomass accumulation and
nutrient composition of these species were undertaken to study the magnitude
and possible causes of these nuisance gf;ﬁfhs.

Once the biomass of macrophytes and filamentous algae has been deter-
mined, it becomes important to know when and where this release of organic

matter and nutrients to the detrital food web takes place. An important

part of this research deals with the distribution and production of recently



shed plant biomass that floats in the estuary and soon becomes detritus,

The emphasis is placed on seasonal changes in the. abundance and distribu-
tion of floating plant debris, Through the special netting techniques it
may be possible to estimate relative seasonal rates of debris production

and locate the area and timing of detritus production from aquatic plant

biomass,

Tissue analysis has been widely used as a measure of nutrient avail-
ability for aquatic plants (Gerloff 1975). This approach is based on the
assumption that the concentration of an element in plant tissue varies over
a wide range which is dependent on its concentration in the environment.
Tissue analysis has been used also in an attempt to explain variations in
plant distribution (Misra 1938) and as indicators of changes in water
quality (Adams et al, 1973). 1In addition, inorganic nutrient levels
are important in considering aguatic macrophytes for possible commercial
uses (Boyd 1970). The tissue analysis approach was used here to determine
possible correlations of tissue nutrients in aquatic plants with known
water quality trends, Along with the biomass data the nutrient levels can
help define the quantitative role played by macrophytes in the storage and
release of nutrients.

Study Area

The Pamlico River estuary extends 60 km from its confluence with the
Tar River at Washington, North Carolina (Figs. 1 and 2) to Pamlico Sound,
The Tar River drains about 8000 km2 of forests and farmland from the Pied-
mont through the Coastal Plain, The estuary has been classified as a natural,
temperate, oligohaline system by Odum and Copeland (1974). Prominent char-
acteristics of this system are a saltwater shock zone, seasonal programming

of temperature, migrating fish populations and gradients of wave stress,



Fig, 1., The northern and central coastal regions of North Carolina,
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Fig. 2. The Pamlico River estuary, River km as shown begin at the
Pamlico River estuary = Tar River confluence and generally
follow channel markers, Locations: 1 = Austin Pt,,

2 - Broad Creek Pt,, 3 - Ragged Pt., 4 - Hawkins Ldg.,

5 - Bayview, 6 - Mixon Creek, 7 - Gayloerd Bay, 8 - St,

Clair Creek, 9 -~ Indian Island, 10 = Hickory Pt,, 11 =
Texasgulf, Inc., 12 = Core Pt., 13 - Maul's Pt.,, 14 - Hill's
Pt,, 15 = Chocowinity Bay, 16 =~ Blount's Bay, 17 - Pamlico

Pt, e
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turbidity and nutrients,

Salinity is controlled by several factors, the most important being
Tar River discharge and mixing by wind and resultant wave energy, However
a well-defined salt wedge is not present at all times, especially during
low river flow, Prevailing winds over the estuary are southwest during the
summer and northeast during winter,

Turbidity in the estuéry is influenced largely by discharge from the
Tar River which is also the source of most of the estuary's nitrogen (Har-
rison and Hobbie 1974), Estuarine phosphorus levels are high and consti=-
tute an abnormal gradient in association with phosphéte mining activities
(Texasgulf, Inc.) on the south shore (Fig. 2, km 29 S).

Sediments in the littoral of the estuary are mainly coarse sands, with
finer silty particles predominating in deeper portions, However in Blount's
Bay (Fig. 2) the substrate is silty throughout. Settling of suspended
matter from slowed river flow results in the deposition of a good portion
of the Tar River's sediment load in this area,

Phytoplankton blooms, mainly of the dinoflagellate Peridinium trique=-

trum, occur in the upper and middle reaches of the estuary in the winter
and appear to be associated with higher levels of nitrate in the water
(Hobbie 1971)., Phytoplankton growth in the upper estuary may 5e limited
by turbidity; productivity has been estimated to be 40 - 80 g C/m%‘yr
(Crawford et al, 1974).

Previous research on the submersed aquatic plants in the estuary was
by Harwood (1975) and Reed (1976). -In studies of the distribution and seas-
onal dynamics of the macrophytes they found the major species was Vallis-

neria americana Michx., (wild celery). Smaller amounts of P. perfoliatus,
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Ruppia maritima L. (widgeongrass), and Najas guadalupensis (Spreng.) Mag-

nus (southern naiad) were present in particular areas, Two genera of
Charophytes (Chara spp. and Nitella spp., muskgrasses) made up a minor por-
tion of the plant biomass but are included in studies of the vascular plants
here., Harwood and Reed found that the submersed plants were limited to the
upper two-thirds of the estuary and exhibited the expected seasonal fluct-

uations in biomass characteristic of temperate regions.

Textual Note: Locations in the text are cited according to the fol-
lowing example: (km 29 S), This notation designates a point on the shoreline
of the south shore of the estuary 29 km (by channel of river) downstream
from the U, S. 17 highway bridge at Washington, North Carolina (See Fig.

2).



MATERIALS AND METHODS

Field Studies - 1974

Field surveys were conducted during July and August of 1974 to provide
ground truth on plant density and biomass. Preliminary aerial photography
allowed comparison of plant distribution to the previous years' observa-
tions (Harwood 1975, Reed 1976) in order to stratify the study area,

Plants were found as far downstream as Indian Island (km 43 - 44), The
study area extended from Blount's Bay (km 10 - 16 S) to Texasgulf (km 30

S) on the south shore, including an extensive bed of Ruppia maritima L., on

the leeward (south) side of Indian Island, On the north shore of the est-
uary the study area extended from Broad Creek Pt, (km 10 N) to the eastern
limit of plant beds at North Creek (km 38 N).

For analytical purposes each shore of the estuary was divided into
several strata that appeared to represent areas of homogenous salinity,
shoreline configuration, and wave action., For example, Blount's Bay (Fig.
2) was divided into two strata, East and West, on the basis of shoreline
orientation with respect to prevailing winds., Five random points on the
shoreline of each of the eight major strata were chosen for line transects
(Fig. 3) which ran perpendicular to the shoreline across the plant beds.
Only one transect was studied at Indian Island. The numbers of each species
of macrophytes rooted within a 0.1 m2 quadrat frame placed every 2 m along
the transect were recorded. Transects began at a random point less than
20 m from shore and ended at the deepest limit of plant growth.,

To get biomass data weights of different species and size classes of
plants counted in the field were determined. On the basis of aerial photo=-

graphic images of the plant beds each stratum was subdivided for the col=-



Fig, 3. Locations of transects in the Pamlico River estuary used in

the 1974 biomass studies.
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lection of 100 plants of each species recorded in the area characterized
by a particular image type., The location for plant harvesting within each
substratum was selected at random, Therefore plants (including roots and
rhizomes) were harvested at 35 sites. The harvested material was washed
thoroughly in the laboratory with a jet of water to remove adhering sand
and loosely=-bound epiphytes., Fresh weights were recorded on the 100 plant
bundles after a 5 min spin.in a domestic washing machine., Well mixed por-
tions of fresh material (approximately 25 g) were then dried to constant
weight at 80°C and weights recorded. Portions of the dry material were
ashed at SOOOC in a muffle furnace for 3 h and the décrease in weight was
recorded as organic dry weight (henceforth referred to as ODW). Thus a
factor for ODW/100 plants was derived for each species in each substratum
and was vsed later to convert plant density (plants/mz) to biomass (ODW/
n?).

Field studies included biomass sampling for nuisance filamentous algae

as well as rooted vascular plants. The most important algal species in

1974 was Compsopogon coeruleus (Balbis) Mont. The biomass of C. coeruleus

in July and August of 1974 was determined concurrently with aforementioned
transects. Before the density of rooted macrophytes within the 0.1 m2
quadrats was determined, all (. coeruleus within each quadrat Qas carefully
removed by hand and '"squeeze-dried" untilWWater failed to drip. The volume
of the collected alga was determined by water displacement in a graduated
cylinder. Each month C. coeruleus samples were taken to the laboratory and
the displacement measurements were calibrated by determining fresh, dry

and organic dry weights as for the vascular macrophytes., Fresh weight was

linearly correlated with water displacement giving the basis for biomass
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estimates. Biomass of each stratum is reported as mean ODW (g/mz); the

total biomass calculations assumed that C. coeruleus was distributed through-
out the total area of the plant beds as delimited with aerial photography.
This assumption probably overestimated the areal distribution of the alga
within the plant beds, but also omitted that portion of the biomass drifte
ing in deeper water as well as that windrowed on the shore,

Field Studies = 1975

The ground truth data obtained in 1974 was density-dependent in that
extrapolations were in terms of density with relatively little biomass har-
vested, In 1975 a direct harvesting method was employed without extrapola-
tion in conjunction with a stratified systematic unaligned sampling model
(Smartt and Grainger 1974). The strata used in 1974 studies were subdive
jded again according to photographic image into substrata of approximately
equal areas., Sample sites were located with a rangefinder according to
predetermined coordinates, The diagram below shows a major stratum divided
into six substrata and the coordinates for one sample in each substratum,
Multiple samples were obtained by replication of the coordinate choosing

process.

Y1 Y Y3
)(1 1 22 ><1

T
, y
Y X, =3

y

<2

All of the submersed plants rooted within 0,25 m2 quadrats were dug up

at locations in 54 substrata of the study area., Also in 1975 Chocowinity
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Bay (km 3 - 6 S) and the region upstream from Broad Creek Pt., (km 10 N)
were included in the study area so that results represented the entire
estuarine community. The number 0f samples taken in each substratum was
determined by allocation to achieve confidence intervals similar to the
1974 sampling in the same area, It is felt that the 1975 biomass data were
more accurate than the 1974 data even though the 1975 data were consistent-
ly higher,

Fresh weight, dry weight and ODW for each rooted plant species in each
substratum were determined by procedures established in 1974 studies and
were carried out on randomly selected duplicate samples, During the August
1975 sampling, C. coeruleus that was found within the quadrats harvested
for rooted macrophytes was also collected, Fresh weight, dry weight and
ODW were determined directly for some samples with extrapolation from fresh
weight for the rest.

The most important species of filamentous algae in the estuary in 1975

was Cladophora glomerata (L,) Kutz, Biomass measurements of this species

on 20 August were simplified because of its limited distribution along a

2 km stretch on the south shore (km 20 - 22 S), Only insignificant quant=
ities of C. glomerata were found outside the area of this "bloom," Scis-
sors were used to harvest 21 random quadrats by cutting thick filaments
from the surrounding submersed mat thatrédﬁetimes approached a meter in
thickness, Three transects perpendicular to the shoreline mat were located
at random along the beach, Biomass was collected in five 0,25 m2 guadrats
spaced 1 m apart., Smaller quadrats were harvested in the shoreline mat

|

than were used in the submersed mats (0.5 m2) because of the tremendous

amounts of C. glomerata and detached Vallisneria americana Michx, leaves
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concentrated in this mat by a previous northeast wind storm. The harvest-
ed material was returned to the laboratery where fresh weight, dry weight
and ODW were determined, In addition, the shoreline mat samples were sep-
arated into C. glomerata and V. americana leaves,

The area occupied by this bloom was estimated by measuring the dise
tance from the shoreline to the deeper edge of the submersed mats with a
rangefinder at 16 points 95 m apart throughout the length of the bloom, A
map of the bloom was drawn to scale on graph paper and the total area det-
ermined by planimetry,

Aerial Photography

The aerial photography was accomplished within 2 wk after completion
of the field surveys'each month, A North Carolina Forest Service plane
was contracted for several flights over the estuary (Table 1), The plane
was equipped with a camera port in the bottom of the fuselage to which a
padded frame was adapted for the use of 35 mm cameras, Flight lines fol-
lowed the shoreline closely so that the plant beds were visible within the
35 mm format, In areas where the shoreline bent sharply the pilot looped
the bend to prevent excessive tilt in the nearly vertical photographs,

The flights on 15 June and 2 July 1974 were basically to check plant dis-
tribution and the feasibility of the adapted camera system,

Subsequently various film/filter combinations were checked, including
tests at various altitudes, to determine an optimum system for water pene-
tration, These are summarized in Table 1, Flights were always on clear,
nearly cloudless days between 1 and 4 h after sunrise, Timing of flights
was important in that well-=planned flights considerably reduced effects

of wind-induced wave action, sun glint and atmospheric haze, all of which
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Table 1., Aerial photography obtained during flights over the Pamlico

River estuary.

Date Film Filter Altitude (m)
15 June 1974 Daylight Ektachrome 1A 600
2 July 1974 Daylight Ektachrome 1A a 600
Panchromatic 1A, P 600
19 July 1974 Panchromatic 14, P 666b
Kodachrome 7256 (16 mm) 1A 666
Kodak SO - 224 Wratten 4 666
29 August 1974 Panchromatic 14, P 666b
Panchromatic 14, 85, 814, 80C 666
23 October 1974  Panchromatic 1A, P b, 1000,
1333
Daylight Ektachrome 14, P 666, 1000, 1333
10 September Panchromatic 1A, P IOOOb
1975 Panchromatic 1A, Wratten 1000

25A

aP is a polarizing filter,

bIndicates the photography used for areal measurements of plant beds
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obscured visibility of the submersed plant beds.

The panchromatic film used for areal measurements was developed to
prints (8 x 10) and plant bed areas determined by planimetry of uncontrol=-
led mosaics (Avery 1968), Small plant beds were measured with a modified
acreage grid. Stereoscopic pairing of the prints was not significantly
better than careful alignment by eye with reference points on each photo-
graph, Complete coverage of the study area required approximately 300
prints and stereoscopic viewing was deemed unnecessary for preparing the
strip maps. Therefore only 20% overlap was necessary for the aerial photo=~
graphs as compared with 60% overlap required for stereoscopic analysis,
With the exception of the 16 mm Kodachrome all photography was with 35 mm
Nikon and Nikkormat cameras, the best water penetration being attained
when the film was slightly overexposed.

Floating Plant Study

Decay bag experiments (Zamuda 1976) showed that macrophyte leaves aand
uprooted plants would float for four or five days. Hence a surface netting
technique would approximate an instantaneous rate of production of debris
relative to an annual cycle, A 1 mm mesh net on a 1,0 m by 0,75 m frame
was adapted to the bow of the 17 ft research boat, The frame could be rais-
ed at will and extended approximately 30 cm below the water surface when
lowered into operating position, e

The area studied was the same as for the 1974 biomass studies., Each
major stratum was divided into three substrata for separate sampling: 1)
within plant beds, 2) deeper water just beyond the plant beds and 3) mid=-
river, Of course, these areas could not be rigidly separated, but sampling

areas were located far enough apart to insure that no overlap occurred,
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The entire area was sampled monthly from July 1974 through February 1975
except in September and December. Netting times in each substratum ranged
from 10 - 30 min with a constant speed tﬁroughout of about 35 knots., Net=
ting times were varied to accommodate various sizes of the substrata.

Correlaticn of the fresh weight of macrophyte debris caught with net-
ting time in both high (y = 10.45x - 8.88, r = 0,93) and low (y = 1.54x =
22,92, r = 0.88) floating biomass periods showed this method to be adequate
when netting times were 10 - 30 min, Statistical tests showed that the
correlation coefficients (r), but not the y - intercepts (-8.88 and -22,92),
were significantly different from zero (p ¢.05), The correlation was most
intense with netting times of 10 = 30 min.

The coarse particulate debris caught in the net was returned to the lab-
oratory in river water in buckets, separated into species, washed, spun
dry and weighed. Dry weights and ODW for floating debris samples were not
determined, Results were expressed in grams of fresh weight caught per
minute effort (g/min) and represent relative ''concentrations'" of macrophyte
debris,

Nutrient Analysis

Tissue analysis was performed on every sample taken for dry weight
and ODW in the biomass study of August 1975, No separation of vascular
plant material into plant parts was made;w Nutrient analysis data present=-
ed here is based on at least two samples for each species in each substrat-
um, Analysis for nitrogen was on oven=dried samples with a Coleman Model
29 Nitrogen Analyzer., Phosphorus analyses were on portions of the same mat-
erial used in the nitrogen analyses, Plant material that had been ashed

for 3 h at SOOOC in a muffle furnace was digested and filtered (Snell and
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Biffen 1944) and total phosphorus was determined as orthophosphate in the
filtrate by the ascorbic acid method (APHA 1971). All nitrogen and phos=
phorus concentrations are reported as microgram-atomic weights of the ele-
ment per gram ODW (A(g—at/g ODW), These units approximate the relative
importance of nitrogen and phosphorus as nutrients for plant growth, and

are not merely amounts of nutrient per gram of dry weight.



RESULTS AND DISCUSSION

Aerial Photography

Good water penetration and plant bed resolution was obtained with most
of the film/filter combinations in Table 1, The 1A filter and the polar-
izer were invaluable in reducing haze and reflected light from the water
surface, Without these aids resolution of the submersed beds was signif-
icantly reduced, The use of filtered color film in mapping the beds was
rejected for two reasons: 1) prohibitive costs for development of color
negatives to prints for accurate measurements, and 2) high sensitivity of
color film to blue light, resulting in "fogging'" of the transparencies by
scattered light from the water., Use of the color film with the minus blue
filter (Wratten 25A) was not tried, but it has been reported (Kelly 1971)

to resolve submersed Zostera marina beds in turbid coastal waters, Superior

resolution and contrast of deep water (1.5 = 2.0 m) beds was obtained in
August 1975 with panchromatic film and the minus blue filter despite gener=-
ally higher turbidity than on previous flights, The 16 mm Kodachrome movie
film gave good penetration and excellent contrast but presented unique
problems for mapping,

The Kodak S0=224 film was obtained from Eastman.Kodak as an experiment-
al film, It was developed for coastal water photography (Specht et al.
1973) and designed without a blue-sensitive emulsion layer, This film had
been tested in tropical waters to depths of 100 ft with excellent results
but in this study of turbid Pamlico waters, the results were no better than
with regular Ektachrome, Resolution of submersed beds was diffuse especially
in areas of low biomass. This film did, however, show excellent response

to suspended matter in the water., Plumes from several creeks were shown
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in black against the purple estuarine water lower in suspended matter.

The October 1974 flight included test photography at higher altitudes
than were normally used for mapping. These experiments showed that good
penetration and resolution were possible at higher altitudes with both
panchromatic and color film, Some small circular beds (8 - 10 mz) were not
resolved at 1333 m but area measurements of large plant beds at all altitudes
showed no significant differences overall,

Table 2 presents results from analysis of the panchromatic photography
for accuracy and precision, The scale of the photographs was calculated
from measurements of ground features (usually piers) in seven locations
throughout the estuary, Standard errors of the scale measurements were
quite small considering that the photography was from a light plane subject
to wind drafts, Maximum image displacement was also acceptable, Using the
35 mm format it may be expected that lens distortion is greater than in larger
aerial cameras., However the plant beds were positioned near the center
of the frame to reduce these effects, The overlap of adjacent photographs
also allowed areal measurements to be made nearer the center of the photo-
graphs where image displacement was considerably reduced, Two successive
passes were made over selected stretches (2 - 4 km) of the plant beds to
determine the precision of the entire photogrammetric process., The data
show that this simplified small format method can be adequately used to map
submersed plant beds.

Using the panchromatic film (black/white), submersed plant beds were
always accurately identified on the basis of tone and texture, Texture
also provided for differentiation of two bed types: a granular mottled tex-

ture characterized shallow water beds with low growth profiles, and smooth
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Table 2, Accuracy and precision tests of panchromatic photography.

d
Date Scale SE MID®  Planimetry® Precision®

19 July 1974  1:1280 2.5 1.1 0.87 1.33

29 August 1:1464 2.3 2.2 0.74 1.76
1974

23 October 1:1112 1.2 0.8 0.80 1,20
1974

10 September  1:4572 1.8 1.0 0.89 2.04

1975

aMID = maximum image displacement in mm that results from tilt in camera,
lens distortion and parallax

95% confidence interval of repeated measurements, expressed as a percent

of the mean

c s X .
The difference in measured plant bed area from two successive passes

over a selected area,

d

expressed as a percent of the mean

SE = standard error (here and throughout paper), expressed as a percent

of the mean in this table
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continuous textures defined deeper beds with leaves up to 1.5 m in lenéth.
The shallow clumped beds usually were lighter in tone, the image obviously
being influenced by bottom characteristics in the shallow water. Plant
bed types and gross growth patterns determined with aerial photography

are discussed more fully later in this section.

Positive transparencies of several aerial photographs including both
major bed types were made and subjected to optical density (0,D.) analysis
with a Canalco microdensitometer, The mean 0,D, of the deep continuous beds
was 0,73 and that of the shallow clumped beds was 0,46 (The 0.,D, is based
on a relative scale with the darkest spot on the photograph assuming an 0,D,
of 1.00). These two values were significantly different(p{ .05). However,
no correlation could be obtained between biomass and 0,D,, even after sub-
_tradtion of effects caused by attenuation of light in the water column it~
self, This was acconplished with measurements of 0,D, of a tramsparency
showing no submersed beds at several points representing various water
depths, It is felt that the combined effects of substrate differences, spec=-
ies composition and reflectance of different leaf forms and lengths
mask any significant relationship between 0,D, and biomass,

Submersed plant bed areas for each stratum and bed type are given in
Table 3, Results for the three flights in 1974 indicate sizable changes in
plant cover during the growing season. This was due primarily to extensive

vegetative propagation by Vallisneria americana Michx., Significant in=

creases in bed area in only one month (July 1974 to August 1974) were ap-
parent for most of the strata. Turbidity may have obscured resolution of
some deeper beds in Blount's Bay (km 10 - 16 S) and caused the slight de=-

crease in area shown,
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Table 3., Summary of plant bed areas (ha) from four flights over the

littoral of the Pamlico River estuary.

Area 19 JUL 74 29 AUG 74 23 OCT 74 10 SEP 75
North Shore b
U.S., 17=Broad Creek Pt, - - - 11.38
Broad Creek Pt.=Ragged
Pt.
Shallow 36,68 5,32 0 3. 51
Deep 15.05 59,80 27.82 50.16
(51.73) (65.12) (27.82) (53.67)
Ragged Pt,-Hawkins Ldg.
Shallow 13.67 18.77 0 13.75
Deep 18.24 23,88 38,75 33,82
(31.91) (42.65) (38.75) (47.57)
Hawkins Ldg.~Mixon '
Creek 22,60 21.75 10.48 25.02
Gaylord Bay-Mixon Creek 0,04 0.10 0 0
South Shore
Chocowinity Bay-Hill's b
. Pt, - - - 20,34
Blount's Bay - West '
Shallow 18,18 19.60 0 22,93
Deep 18.29 31.06 38,43 27,23
(36,47) (50.66) (38,43) (50.16)
Blount's Bay =~ East
Shallow 34,81 25,59 1.14 29,97
Deep 29,06 32.57 48,78 33.67
(63.87) (58,16) (49,92) (63,64)
Maul's Pt.-Core Pt.
Shallow 29,94 58,20 0 30,68
Deep 60,76 51,33 73.74 64,41
(90, 70) (109.53) (73.74) (95,09)
" Core Pt.-Texasgulf
Shallow 10.93 11.25 6.15 7.80
Deep . 7.40 11.41 9.23 9.70
(18.33) (22.66) (15.38) (17.50)
Indian Island 3.18 0.97 0 0
North Shore Total 106,28 129,62 77.25 137.64
South Shore Total 212,55 241,98 177,47 246,73
River Total 318,83 372,60 254,72 284,37

Note: Parentheses give totals for shallow and deep beds in a stratum,

b

Due to high turbidity in these areas aerial photography was inadequate .
These figures were calculated from ground surveys and estimates of cover,
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A great decrease in area occurred in the Ruppia maritima L, beds off

Indian Island (km 43 = 44 ) during the sampling period., These beds as well
as the R, maritima beds in the Gaylord Bay~North Creek stratum (km 33 - 38
N) had disappeared by October of that year and failed to return in 1975,

A similar situation was reported for Ruppia maritima var, obliqua in Florida

(Phillips 1960) in which the species was shown to be sensitive to water
temperatures above 3000. It is possible that when the summer temperatures

in the Pamlico River stabilized in August at 30°C or above vegetative growth
was inhibited or thermal death of rhizomes occurred and the beds were event-
ually disrupted by turbulence or fluctuating water 1évels. That these

beds failed to return in 1975 could be attributed to early destruction of

the seed source in 1974 and loss of a major portion of the vegetative prop=-
agules, Salinity fluctuations are unlikely explanations because this species
has been reported in borax lakes (Wetzel 1964) and in Texas estuaries up

to 45 °/oo0 (Simmons 1957).

Between the August and October flights in 1974, there was a great
decrease in plant bed area., In addition, throughout the season the measured
area of the shallow bed types decreased while that of the deeper bed types
increased., This is attributed to vegetative propagation of V. gmericana
resulting in greater densities as well as increased leaf lengths, Both
factors influenced the photographic imagev;ausing a greater proportion of
the beds to exhibit the continuous texture image characteristic of deeper
beds in October, The areal decrease of the bed types labelled as '"shallow"
should not be considered a loss of plant coverage but simply a conversion
of image from shallow to deep characteristics, This image difference is

important in that it determines the calibration material harvested in the
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field and used for estimating biomass., By Octcber the onset of cooler
temperatures and fall storms caused a significant decrease in plant cover-
age.

The strata designated as Broad Creek Pt.-Ragged Pt. (especially down=
stream of Broad Creek at km 12 - 17 N), Hawkins Ldg.=-Mixon Creek (km 23 =
31 N), Gaylord Bay=-North Creek (km 33 - 38 N) and Core Pt.-=Texasgulf (km
24 - 29 S) consisted predominantly of smaller circular beds of plants,
These areas exhibited greater fluctuations in cover during the 1974 season
as well as significant changes in comparable periods of 1974 and 1975, It
is felt that these beds were less stable than those in areas such as Blount's
Bay (km 10 - 16 S), Maul's Pt.-Core Pt, (km 16 - 24 S) and Ragged Pt.-Haw=
knis Ldg., (km 17 = 23 N) where extensive continuous stands of plants Wwere
common, Widespread production of winter buds of V., americana that remained
buried in the substrate probably accounted for the relative stability of
these continuous beds,

Physical Data

Hydrographic data taken at each of the 34 transect sites (0.5 m depth)
from July 1974 to June 1975 are summarized by area in Table 4., Seasonal
fluctuations of salinity (Goldberg refractometer and YSI Conductivity met-
er), water temperature and transparency (Secchi disc) are given in Fig,

4, Macrophytes were limited to the uppérxhalf of the estuary where sal-
inities rarely exceed 15 °/oo, Throughout the year this zone was subject
to considerable freshwater inputs lowering the salinity to zero, as well
as saltwater intrusions producing salinities up to 8 °/oo near Washington
(km O = 3 N). These factors obviously limited the species able to exist

in the estuary and resulted in lower diversity. Another interesting salinity
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Table 4, Annual means of hydrographic data from the Pamlico River estuary
study area July 1974 through June 1975,

Area Salinity Tenmp. Turbidity
mean range mean range mean range
North Shore
Broad Creek Pt.- 3.0 0-8.9 18.2 5.,0-33,5 0.88 0.30-1,65
Ragged Pt.
Ragged Pt.-Hawkins 3,8 O=11.,1 18.3 5.0-33.5 0,92 0.33-1,68
Ldg.
Hawkins Ldg.=- 5.3 0-12.8 18.5 6.0=34,0 1,05 0.33-1,83
Mixon Creek
Gaylord Bay-North 7.6 2.2-13,9 18.5 6.,0=-33,5 1.03 0,51=1,96
Creek
South Shore
Blount's Bay 1.3 O0=6,1 18.7 5.0-34,0 0.83 0.35~1,68
Maul's Pt.-Core 2.9 0-8.3 18.3 5.,0-34,0 1.03 0,33=1,83
PtI
Core Pt.-Texas- 4,7 0=-12,2 18,5 5.0-34.0 1.11 0.36-1,85
gulf
North Shore mean 4,9 0~-13,9 18,4 5,0-34,0 0,97 0.30-1,96
South Shore mean 3.0 0-12,2 18.5 5,0-34.,0 0.99 0.33-1.96
River mean 4,0 0-13,9 18.4 5,0=34,0 0.98 0,30-1,96

Salinity is in parts per thousand (°/o00).

. .. O
Temperature is in C,

Turbidity is Secchi disc depth in m,



Fig. 4., Upper - Mean water temperature in the littoral of the Pamlico
| River estuary during 1974-75, Middle = Mean Secchi depth
in the littoral of the Pamlico River estuary during 1974-75,
Lower - Salinity in the littoral of the Pamlico River estuary

during 1974-~75, ( —#— north shore, .--@-——-south shore).
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effect (Fig. 4) was the horizontal pattern of salinity difference that:
once exceeded 5 °/0o from shore to shore. This effect resulted from freshe-
water movement out of the Tar River along the south shore of the estuary.

Isolated stands of Potamogeton foliosus Raf. were found near Broad

Creek Pt, (km 10 N) and Potamogeton pectinatus L., (Sago Pondweed) was re-

corded near the mouth of Lee Creek (km 31 S) at Texasgulf and at Resthaven
(km 35 N). However these épecies never lasted an entire growing season nor
accunulated significant biomass, but disappeared abruptly. Lack of tolerance
to salinity and turbidity fluctuations were probably important factors
controlling the appearance and abundance of'g. folioéus, but P. pectinatus
often thrives in stressful environments (Hynes 1972),.

The general trend in turbidity was toward increased clarity downstream,
Turbidity was generally related_to salinity (Fig. 4) which, in itself, was
controlled primarily by Tar River discharge. Dovwnstream from Blount's Bay
water clarity was significantly greater during most sampling periods,
However, high turbidities were recorded at all stations following periods
of high discharge from the Tar River and other tributaries, Maximum Secchi
disc readings for the estuary were near 2 m which corresponded to the max=-
imum depth limits of submersed plant beds,

Biomass Studies

The summary of plant density data for 1974 appears in Table 5, High=
est plant densities were found in Blount's Bay (km 10 - 16 S) and the Rag-
ged Pt,~-Hawkins Ldg. stratum (km 17 - 23 N). Lower densities were encount-
ered further downstream where salinity tolerance limits of V. americana
may have been approached., The shallow and deep bed types were not signif-

icantly different in density so the figures shown are weighted means for
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Table 5. Summary of transect data for aquatic macrophytes in the Pamlico
River estuary during 1974. All figures are weighted means for
two to four substrata,

a . 2 2
Area N Density (plants/m") oDV¥ (g/m”)
July SE August July SE August SE

North Shore

Broad Creek Pt.=-

Ragged Pt. 412 170,55 9.5 208.,8

Shallow 46 14,59 3,09 30,31 3.40

Deep 366 25,33 2.41 26.86 2,70
Ragged Pt,=- -

Hawkins Ldg. 269 269,1 13,0 358.1

Shallow 103 8,60 1.37 20.31 3,78

Deep 166 24,85 2,40 26,78 2.53
Hawkins Ldg.=-

Mixon Creek 186 166.1 13.0 171.4 63,70 7.82 10,59 2,01
Gaylord Bay-

North Creek 77 79.7 16,4 133.1 2.33 0.86 2,96 1,08

South Shore

Blount's Bay-

West 158 295.,1 9,2 349,2

Shallow 59 26.24 3.45 23.25 3,59

Deep 99 30,48 2,99 41,31 4,35
Blount's Bay=-

East 161 281.,0 8,3 342.8

Shallow 76 25.81 3.19 29,08 2,82

Deep 85 30,04 .36 35,23 3,66
Maul's Pt,=Core

Pt. 460 162,9 6.9 225:2

Shallow 150 - 8,23 3.01 11,15 3.37

Deep 310 22,30 2,27 50,00 4,25
Core Pt.-Texas-

gulf 229 164.3 10.4 208.3

Shallow 84 3.54 1.26 11,58 2,04

Deep 145 N 34,40 4,34 32,01 2,96
Indian Island 32 192.6 23.9 76.4 2.27 0.82 0,92 0,08

North Shore 944 208.3 12.1 268.5 41,50 3.58 24,95 3,11

South Shore 1040 224,9 8,7 289.2 25,50 2,86 37.37 2.56

River 1984 221,11 9.9 283.9 31.63 2,97 33,75 2,72

aN is the number of quadrats examined in each area each month,.
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both bed types when present, Tests with random quadrats within specific
bed types showed that the circular beds in deeper water in Blount's Bay
had higher densities than adjacent continuous beds. Areas dominated by
circular beds exhibited, in general, a greater percentage increase in den=-
sity from July to August,

Biomass data for macrophytes during July and August 1974 also appear
in Table 5., Mean biomass was calculated from transect density data (plants/
m2) and the harvested material from each substratum (ODW/100 plants), yield=-
ing biomass in ODW/mz. The biomass of deep beds was shown to be signifi-
cantly higher (p4¢ .05) than that of shallow beds in fwo strata: Blount's
Bay-West (km 10 - 13 S) and Maul's Pt.-Core Pt., (km 16 = 24 S), 1In the
extreme downstream strata on both shores biomass of plants was significant-
ly reduced due to the absence of V. americana and the dominance of R. mar=
itima, a much smaller plant, especially in these stressed areas.

Except in the Maul's Pt.-Core Pt, stratum (km 16 = 24 S) the biomass
in the deep beds did not increase greatly from July to August in 1974,

The deeper beds probably matured earlier with larger plants being the rule,
Self-shading and similar phenomena could have then reduced productivity
during this period., The larger increases in biomass were in the shallow
beds with clumped.dispersions of plants, Higher effective insélation prob-
ably resulted in greater increases in stéﬁding biomass, These changes

took place even though the shallow areas were subject to wave stress which
caused biomass losses through leaf breakage, etc,

In general greater biomass was recorded in Blount's Bay (km 10 - 16
S) and the Maul's Pt,-Core Pt, stratum (km 16 - 24 S), These areas are

subject to higher turbidities from river discharge than for example, the
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Ragged Pt,-Hawkins Ldg., area (km 17 - 23 N), but higher nutrient levels
and generally smaller salinity fluctuations may have been conducive to
greater productivity. The physiography of these areas was another factor
influencing potential biomass accumulation,

The R. maritima beds adjacent to Indian Island (km 43 - 44 ) exhib-
ited a significant decrease in biomass concomitant with a reduction in den-
sity, while R. ﬁaritima in the Gaylord Bay=North Creek stratum (km 33 - 38
N) showed little increase in biomass even though density had nearly doub-
led. R. maritima collected in Blount's Bay and near Ragged Pt, (km 17 N)
increased in ODW/100 plants over the same period. This suggests that in=-
creased wave stress and/or salinity fluctuations were contributing factors
to the decrease in biomass of R. maritima downstream, Other explanations
are discussed above with regard to the decrease in plant coverage observed
at the same time.

The other significant drop in biomass during the 1974 season was re-
corded in the Hawkins Ldg.-Mixon Creek stratum (km 23 - 31 N). The plants
in this area were generally small beds with an unusually high proportion

of Potamogeton perfoliatus var, bupleuroides (Fern.) Farw, The growth form

of this species is much more resistant to water flow than the linear leaves
of V, americana and the biomass losses in this stratum were largely due to
the elimination of a significant amount of P, perfoliatus, presumably by
wave action amplified by the seawalls common along the shore,

The decrease in biomass shown for the north sho;e between July and
August of 1974 (due mainly to the loss of P, perfoliatus) was barely com=
pensated for by the productivity on the south shore, Weighted mean biomass
for the estuary did not significantly increase (31.63 to 33,75 g ODW/mz).

Biomass values indicate the variability of plant beds in the estuary in
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response to environmental stresses., Local changes in biomass occurred\in
response to local conditions of wave stress, turbidity, salinity and nutri=-
ents, with the net result being great variation in the observed productiv-
ity.

Species composition of each stratum in August 1974 appears in Table
6., V. americana was the dominant species by far, being found in over 90%
of the quadrats containing plants in 34 transects, From Mixon Creek
(km 31 N) westward on the north shore, P. perfoliatus was found in associa=
tion with V. americana although its abundance was grgatly reduced in deeper

water, Najas guadaluvensis (Syreng.) Magnus was limited to the upstrean

strata of generally low salinity conditions. Its increased importance
on the south shore was a result of its abundance in certain sections of
Blount's Bay (km 10 - 16 S). A small cove near Blount's Creek (km 13 S)

was dominated exclusively by N. guadalupensis which was growing in a very

silty substrate that was exceedingly permeable for at least 2 m into the

sediment, Also in other areas N, guadalupensis was generally limited to

protected areas with a silt substrate., East of Mixon Creek (km 31 N) on
the north shore and Texasgulf (km 29 S) on the south shore R. maritima
was the only species present, its importance decreasing westward, There
seemed to be no stable communities of aquatic macrophytes in the Pamlico
River estuary., Most of the minor species\seem to be dispersed within the
V. americana beds in response to local conditions of substrate, salinity,
etc,

Biomass and species compositioﬂ data for the 1975 sampling period are
given in Table 7, The biomass was generally higher in 1975 glthough much

of this difference could be attributed to sampling model changes, Addit-

ion of two strata upstream from Broad Creek Pt, (km 10 N) in 1975 showed that
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Table 6., Species composition of agquatic macrophytes in the Pamlico River
estuary in August 1974,

Area A§peciesb
VAL POT RUP NAJ CHA

North Shore
Broad Creek Pt.=Ragged

Pt.
Shallow 40,0 53.1 0 57 1.2
Deep 92,6 6.6 0.4 0,2 0.2
Ragged Pt.-Hawkins Ldg.
Shallow 69,5 29,1 1.4 0 0
Deep 94,6 1.8 3.3 0 0.3
Hawkins Ldg.=Mixon
Creek 78.1 1745 4,3 0 0.1
Gaylord Bay-=North
Creek 0] 0] 100,0 0 0]
South Shore
Blount's Bay-Vest
Shallow 71.0 24,3 M 4,4 0.3
Deep 95,7 1.6 M 2.5 0.2
Blount's Bay~East
Shallow 90,1 3.5 M 5.8 0.6
Deep 93, 4 M 6] 6.4 0.2
Maul's Pt.-Core Pt.
Shallow 91.9 7.6 0.4 0 0.1
Deep 938.5 0.4 0.1 0 M
Core Pt,-Texasgulf
Shallow 89,6 3.9 6.5 0 0
Deep 97.9 0.6 1.5 0 M
Indian Island 0 0 100.0 0 0
North Shore 86,2 10.7 1.4 0.4 0.2
South Shore 94,2 3.0 0.2 2.4 0.2
River 91.9 9e2 0.6 1.8 0.2

Note: Figures indicate percent of the total quadrats examined in the sub-
stratum that contained that species. "O" is indicated for areas
where the species was not collected. '"M" is shown for percentages
less than 0,1,

bSpecies symbols: VAL = Vallisneria americana, POT = Potamogeton perfol-
iatus, RUP = Ruppia maritima, NAJ = Najas guadalupensis, CHA = Chara spp.
and Nitella spo.
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Table 7, Biomass and species composition of aquatic macrophytes in the
Pamlico River estuary in August 1975,
Area Nc Total Biomass Species Composition
g ODW/m2 SE VAL POT RUP NAJ CHA
North Shore
U.S 17=Broad
Creek Pt, 10 . 66,33 4,39 47,1 6.2 0 41,1 5.6
Broad Creek Pt.=-
Ragged Pt., 17
Shallow S 30,78 2.07 20,0 69,0 0 9.1 1.9
Deep 12 22,31 1.36 82,0 10.0 0.5 0.5 0.1
Ragged Pt.,-Haw=
kins Ldg, 24
Shallow 15 73.12 5. 91 80.4 12,7 6.8 0.1 0
Deep 9 55.43 3.83 91.8 5.0 3.0 0,2 0
Hawkins Ldg.-
Mixon Creek 15 46,67 6.25 100,0 0 0 0 0,1
Gaylord Bay=-
North Creek 0
South Shore
Chocowinity Bay=-
Hill's Pt. 9 65.78 5.31 40,1 6.1 0 52,7 1.1
Blount's Bay=-
West 21
Shallow 15 63,92 7.74 91.4 4.3 0.1 3.4 0.9
Deep 6 41,48 3.62 4, 3.6 0 1.1 1.0
Blount's Bay=-
East 24
Shallow 15 - 35,84 5,13 98.6 0.1 0.1 1.3 0.1
Deep 9 30,43 3.28 100.0 0 0 (0]
Maul's Pt.=Core
Pt 33
Shallow 27 62,81 6.15 96,7 1.3 0 1.6 0.4
Deep 6 101.48 8.72 98,3 1.5 0.1 0,1 0.1
Core Pt.-Texas- o
gulf 11 ,o°
Shallow 3 30.18 . 3.56 0 0 0 0
Deep 8 39.67 2,95 99,5 0 0.5 O 0]
Indian Island 0
North Shore 66 53,57 3.71 78e2 7¢5 2.3 10.8 1.2
South Shore a8 73,12 5.17 91.7 2.1 0.1 5.7 0.5
River 164 66,53 4,59 87.1 3.9 0.8 7.4 0,7
Note: Figures represent percent of total biomass,

Species symbols : see Table 6

CN=

number of quadrats harvested
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submersed macrophytes attained considerable biomass as far upstream as

Runyon Creek (km 2 N) at Washington, N. guadalupensis was found to replace

V. americana as dominant in these upstream areas. Despite high turbidity,

N. guadalupensis grew to nuisance proportions in August 1975, Extensive

mats of this species were formed along the north shore at Washington Park
(km 3 N); these mats extended for 1 km downstream and for 20 m out from

shore, The mats consisted of luxuriant growth of N. guadalupensis from the

silty bottom to the water surface, even at 2 m depths, The mats were strict-
ly limited to developed and populated areas on the shore and were not found
in Chocowinity Bay, a less populated area of similar turbidity and salinity
directly across the estuary from Washington Park, The rampant growth is
suspected to have been the result of increased inorganic nutrient (probably
nitrogen) input from the Tar River and upper estuary plus pollution from
septic tank absorption fields in the populated area of Washington and Vash-

ington Park, N, guadalupensis collected in this area had the highest nitro=-

gen content of any other area or species in the estuary,

High biomass was again recorded for the strata on the south shore,
perhaps reflecting a degree of stability in these extensive submersed beds.
Areas on the south shore of the estuary were more directly influenced by
freshwater inputs (Fig. 4) and were also on the lee side of the estuary
with respect to the prevailing southwest-ﬁinds during the growing season,

The greatest difference in biomass between 1974 and 1975 was in the
Maul's Pt.,~Core Pt, stratum (km 16 - 24 S), V. americana plants with leaves
over 2 m long was found in the deep beds here and this contributed to the
100 g ODW/xn2 biomass, A significant increase in biomass of the Hawkins

Ldg.~Mixon Creek stratum (km 23 -~ 31 N) was noted along with an increase
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in plant bed area (Table 3). P. perfoliatus lost in this area in 1974 did
not return in 1975 and V. americana was the only angiosperm species collected
here, Large increases in biomass for other strata on the north shore oc-
curred, and suggest that conditions for growth were improved in the 1975
season,

It is interesting to note that although most of the areas showed similar
biomasses during the two years (although slightly higher in 1975), the Maul's
Pt.-Core Pt, stratum (km 16 - 24 S) and the Ragged Pt.-Hawkins Ldg. stratum
(km 17 - 23 N) exhibited disproportionate increases in biomass, A major
difference in biomass between 1974 and 1975 was also manifested in the
shallow beds, while the deep beds remained about the same in most cases,

This suggests that conditions for overwintering were favorable in 1974 and
that a large proportion of vegetative propagules survived the winter and
produced plants in 1975,

Diversity indices of aquatic macrophytes for 1974 and 1975 are shown
in Tables 8 and 9., Diversity was calculated from total collected biomass
summed over a substratum, as used by Pielou (1966). Diversity of the macro-
phytes was associated with both downriver gradients and gradients assoc=
iated with depth and distance from shore, 1In the 1974 season diversity de=
creased downriver, Some physical gradiéhfs involved here included increas-
ing salinity, fetch and wave action., For most species salinity was likely
the overriding factor affecting longitudinal distribution. Diversity was
always lower in deep beds than in adjacent shallow beds where rooted plants
would normally receive more light. V. americana was always dominant in
mixed deep beds and seemed to be well-adapted to low light conditions

as well as the coarse sandy substrate found throughout the littoral, The



Table 8, Diversity indices of aquatic macrophytes in the Pamiico River
estuary in August 1974.
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Area Diversitya No. of Species Dominantsb
(natural bels)

North Shore
Broad Creek Pt,=

Ragged Pt.

Shallow 2,834 4 POT, VAL

Deep 0,338 5 VAL
Ragged Pt.-Hawkins

Ldsg.

Shallow 1.322 3 VAL, POT

Deep 0.149 4 VAL
Hawkins Ldg.=lMixon

Creek 1.294 ' 4 VAL, POT
Gaylord Bay=North

Creek 0.0 1 RUP

South Shore

Blount'!s Bay-=West

Shallow 1.471 5 VAL, POT

Deep 0,105 5 VAL
Blount's Bay=East

Shallow 1.106 5 VAL

Deep 0,852 4 VAL, NAJ
Maul's Pt.~Core Pt.

Shallow 0.331 4 VAL

Deep 0.0° 4 . VAL
Core Pt.~Texasgulf

Shallow 0,407 3 VAL

Deep 0,059 4 VAL
Indian Island 0.0 1 RUP

aBrillouin's Index modified for biomass (Pielou 1966)

1

17 1Y "1
(NI'HZ'NS'..'HS')

where N = total weight of all species, and Nl’ N2, Ns,...Ns = weight of
each species

bLists dominant species having greater than 5 g ODW/m2 in order of de=-
creasing abundance, For species symbols see Table 6,

c : . . h ko oo
Areas where minor species were collected but comprised an insignificant
portion of the biomass



Table 9, Diversity indices of aquatic macrophytes in the Pamlico River
estuary in August 1975.

Area Diversitya No. of Species Dominantsb
(natural bels)

North Shore
U.S 17=Broad Creek

Pt. 1.784 5 NAJ, VAL, POT
Broad Creek Pt.-Ragged

Pt.

Shallow 2,207 S VAL, POT

Deep 1.156 3 VAL, POT
Ragged Pt.-Hawkins

Ldg.

Shallow 3.028 4 VAL, POT

Deep 2.605 4 VAL
Hawkins Ldg.=l}Mixon &

Creek 0.0 3 VAL

South Shore
Chocowinity Bay-

Hill's Pt. 0.862 4 NAJ, VAL
Blount's Bay=liest

Shallow 1.584 5 VAL

Deep 0.413 5 VAL
Blount's Bay-East

Shallow 1.101 4 VAL

Deep 0,147 4 VAL, NAJ
faul's Pt.~Core Pt.

Shallow 0,112 4 VAL

Deep 0,098 5 VAL
"Core Pt.=-Texasgulf

Shallow 0.0c 1 VAL

Deep 0.0 4 VAL

2Brillouin's Index modified for biomass (Pielou 1966)., See Table 8.

bLists dominant species having greater than 5 g ODW/m2 in order of de=
creasing abundance., For species symbols see Table 6,

c : ; : § o8
Areas where minor species were collected but comprised an insignificant
portion of the biomass
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1975 data, which include the two additional upstream areas, show decreased
diversity upstream where turbidity was highest. In the upstream strata
(U.S. 17=Broad Creek Pt. and Chocowinity Bay=-Hill's Pt.) influences of the
turbid discharge of the Tar River were present for much longer periods

of time than further downstream, The result was a decrease in abundance
of species not tolerant of low light conditions in those strata. N, guad-
alupensis seemed to be well-adapted to these light conditions, perhaps to

a greater degree than V, americana, Scattered N, guadalupensis was observed

to grow in Blount's Bay (km 12 S) in 2,0 = 2,5 m depths where no other macro-

phytes grew, However N. guadalupensis is known to be limited to oligohaline

areas and could well be dominant further downstream in this estuary were it
not for higher salinities.
The only major difference in diversity over the two year study was
found in some deep beds on the north shore: Broad Creek Pt.-Ragged Pt.
(km 10 -~ 17 N) and Ragged Pt.,-Hawkins Ldg. (km 17 - 23 N), A considerable
increase in diversity was noted for these two areas in 1975, Low seasonal
turbidity in 1975 perhaps resulted in growth of minor species in deep water,
The diversity of macrophytes in the Pamlico River estuary is low in
comparison to the values reported for the same species in Currituck Sound
and Back Bay during 1962(Anon, 1965, Vol, I). Figures for diversity in the
present study more closely approximate those found in a eutrophic lake

dominated by Myriophyllum spicatum (Nichols and Mori 1971)., However, in

that study of Lake Wingra eutrophication was correlated with a decreased

dominance of Vallisneria americana and Potamogeton spp. Lind and Cottam

(1968) showed that the Vallisneria-Potamogeton community in University

Bay, Wisconsin gave way to a nearly pure Myriophyllum exalbescens community




44

as eutrophication proceeded, It appears that the low diversity encountered
in the Pamlico River estuary resulted from a combination of estuarine stress-
es (salinity, waves, light, etc,) with a dominance of a well-adapted spec-
ies and relative exclusion of less tolerant species, Southwick and Pine
(1975) showed large fluctuations in diversity (based on area and density)

of Potamogeton perfoliatus, Ruppia maritima and Myriophyllum spicatum in

the Rhode River, a subestuary of the Chesapeake Bay. These changes, al-
though showing no apparent trend over several years, were believed to be re=-
lated to the decline of environmental quality in that area,

Total Estuarine Biomass

The total biomass (metric tons) estimates of rooted aquatic macrophytes
in the Pamlico River estuary are shown in Table 10, Estimates for the
1974 samplings showed an increase of nearly 20 MT ODW in total biomass
for the entire estuary for only one month, However this increase was not
statistically significant (p¢.05). The large increase in 1975 resulted
mostly from increases in biomass (g ODw/mz) estimates, Total bed areas
as measured with aerial photography were about the same for both years
(Table 3), so the increase in estuarine biomass is believed to be affected
somewhat by the sampling method, Biomass measurements in August 1974 were
made at the first of the month while those in August 1975 were made near
the end of the month, This could mean m;h& tons difference when comparing
the two August estimates, Percent of the total estuarine biomass is given
in Table 10 to facilitate comparison,

Approximately 70% of the total estuarine biomass was along the south
shore, predominantly in Blount's Bay (km 10 - 16 S), and between Maul's Pt,

and Core Pt. (km 16 -~ 24 S)., 1In August 1974 approximately equal percentages



Table 10, Estimated total biomass of rooted aquatic macrophytes in the
Pamlico River estuary obtained with aerial photography and
ground truth methods. All figures are in MT ODV.

Area July 1974 SE August 1974 August 1975 SE

North Shore

U.S. 17=Broad Creek

Pt. - - 17.31(=) 2,7
Broad Creek Pt.=
Ragged Pt.
Shallow 5.35 Te1 1.61 1.08 0.2
Deep 3.81 0,4 16.06 11.12 0.8
Total 9.16(12.0)1,5 17.67(17.0) 12,20(7.2) 1.0
Ragged Pt.=Hawkins
Ldg.
Shallow 1.18 0.3 3.81 9,86 0.8
Deep 4,53 0.6 6.40 16,83 0.5
Total 5.71(7.5) 0.9 10.21(9.9) 26.69(15,8)1.3
Hawkins Ldg.-Mixon
Creek 14,40(18,8)1.6 2.30(2.2) 10.58(6.3) 1.3
Gaylord Bay=North b b
Creek 0.00 0 0.00 0.00 0
South Shore
Chocowinity Bay-
Hill's Pt, - - 12'33(_) 2.6
Blount's Bay=-West
Shallow 4.77 0.6 4.56 0.6 13,87 1.0
Deep 5.58 0.7 12,83 1.3 10.89 0.7
Total 10.35(13.5)1,3 17.39(16.8) 1.9 24,76(14.7)1.7
Blount's Bay=East
Shallow 8,98 0.7 7,44 0.7 10,86 1.0
Deep 8,73 0.4 11.47 0.8 5,13 0.4
Total 17.71(23.2)1,1 18,91(18.3) 1.5 16.99(10,1)1.3
Maul's Pt.-Core Pt.
Shallow 2,46 0.4 6.49 0.4 16.71 1.3
Deep 13,55 1.0 25,67 13 55.71 241
Total 16.01(21.1)1,4 32,16(31.0) 1.7 72.42(43.0)3.4
Core Pt.~Texasgulf
Shallow 0.39 0.1 1.30 0.1 2.95 0.3
Deep 2495 0.3 3,65 0.5 2,47 0.3
Total 2.94(3.8) 0.4 4,95(4.8) 0.6 4,82(2.9) 0.6
Indian Island 0.07(0.1) o 0.01(0) o 0.00
North Shore 29,27(38.3)4,0 30.19(29.1) 3.7 66,77(29.4)6,3
South Shore 47.08(61.7)4,1 73.42(70.9) 5.7 131.31(70.6)9.0
River 76,35 8.1 103,61 9.4 198,08 15.3

aFigures in parentheses indicate percent of total estuarine biomass. The
two upstream strata added in 1975 are excluded to allow comparison,

bPlants were found in this stratum in 1974 but the biomass was insignifi=-

cant ( 1 kg ODW in July 1974 and 3 kg ODW in August1974).
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were found in these two strata, In 1975 a 10% increase in the Maul's Pt,=-
Core Pt, biomass coincided with a 10% decrease in the Blount's Bay bio=-
mass. Strata on the north shore comprised 30% of the total biomass and
exhibited greater seasonal and year-to-year fluctuations. Considering

each shore as a whole the two community areas produced surprisingly stable
proportiocns of the total biomass.

The estimate for totai biomass in 1975 was 198 (#30.0, p<.05) MT of
organic material, This compares to just over 100 (¥18.4, p <.05) MT in
1974, Conmparison of data from both years for what are considered the mpst
stable beds in the estuary showed that 50 - 60% of this difference could
be due to changes in sampling models and times. Therefore 40 = 50% of the
increase from 1974 to 1975 was probably due to a real change in biomass,
Quadrats harvested in 1975 were always entirely within plant beds., Quad-
rats counted in 1974 were sometimes located on the edge of plant beds and
often empty. Thus lower densities resulted in decreased biomass estimates
in comparison to 1975 data, In addition when one considers that 2 wk were
required to complete the field surveys each month and that a 25 MT differ-
ence in biomass was measured in July and August 1974, the difference between
the two August estimates (1974 and 1975) is less significant.

Weight Relationshivs of Macrophytes

Weight relationships for the varioﬁsmspecies of macrophytes are given
in Table 11. V. americana had the highest fresh weight/dry weight ratio
of the angiosperm species, Comparatively small amounts of vascular tis-
sue may account for this difference., The dry weight/ODW ratio for the ang-
iosperm species were much more similar., The 1975 data include a correction

which separates acid soluble plant ash from acid insoluble materials, The



Table 11, Weight relationships of aquatic macrophytes in the Pamlico
River estuary,.

Dry Wt. as a % of FW> ODW as a % of Dry Wt.
Species
mean SE N ' 1974 1975

mean SE N mean SE N
V. americana 6.6 1.2 127 74,9 1.0 52 79.3 1.2 75
P. perfoliatus 13.0 2.4 42 78.9 1.2 14 85.3 1.6 28
N. guadalupensis 10.5 2.3 43 78,0 1.7 18 78,2 1.6 25
R. maritima 12.5 2,3 31 71.6 1.4 10 81.9 1.3 21
C. coeruleus 5.6 1,1 26 70.1 0.8 19 76,4 1.4 7
C. glomerata 17.8 2.4 20 - - 0 72.1 0.8 20

Chara spp. and .
Nitella spp. 9,3 1.2 35 80.2 1.0 15 82.6 1.1 20

b
Extraneous 36,2 2.5 22 96,0 1.9 6 - - 0

aFW = fresh weight(or wet weight)

bIncludes leaves of Pinus, Juncus, Taxodium, and Quercus collected
in the study of floating macrophyte debris
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acid insoluble fraction was thought to be silicon from abundant epiphyfic
diatoms plus some residual sand,

Patterns of Submersed Plant Bed Distribution

One of the distinct advantages of using aerial photography for the
study of submersed plants is the ability to make an "instantaneous" apprais-
al of a large study area, Many features not readily seen in ground surveys
are obvious in the photographs, Trends in plant bed growth patterns and
an analysis of some physical factors associated with colonization and dist-
ribution in the estuary would be very difficult to study without this
technique,

Plant beds in the estuary are found in the shallow littoral in less
than 2 m of water, Light attenuation by high concentrations of suspended
matter may limit the establishment of extensive beds in deeper water., Beds
rarely grow within 5 - 8 m of the shoreline., Primary factors controlling
colonization so close to shore are high wave énergy and shallow fluctuating
water levels., The width of the littoral varies greatly throughout the
estuary., Beginning at Blount's Bay (km 10 S) on the south shore and east-
ward to Core Pt., (km 24 S), the littoral is generally broad and shallow,
This physiography correlates well with the high macrophyte biomass; well
over half of the total biomass in the estuary was found in this region,

On the north shore, a relatively stééﬁ gradient into deeper water
associated with high marshes and bulkheading tends to predominate, Extensive
plant beds associated with shallow water were found only in the Broad Creek
Pt. (km 10 N) area and from Ragged Pt. to Hawkins Ldg. (km 17 - 23 N).
Apparent effects of these shoreline configurations on plant bed development

and stability are discussed later,
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Three major plant bed types have been observed in the Pamlico River
estuary., In the areas characterized by a relatively wide littoral two
distinct photographic images appear, Plant beds in shallow water (generally
up to about 90 cm) produced a lighter tone that was speckled or granular
in texture, 1In deeper water beds produced a'darker-toned image with smooth
continuous texture (Fig. 5). Ground truth data showed these two bed types
to differ somewhat in density, with the deeper beds having the greater den-
sity. Associated with this density difference is a rather sharp change
in leaf length, especially in V, americana, Longer leaves which were near-
er the water surface and greater plant density contributed to the produc-
tion of the dark, smooth photographic image. The shallow beds were char=
acterized by short, scattered plants existing in small vegetative clumps,
Table 12 shows indices of clumping (David and Moore 1954) calculated from
20 random O, 1 m2 quadrats counted within each of the three bed types.

Both the deeper continuous beds and the circular beds (discussed below)
showed a small degree of plant dispersion compared to the shallow clumped
beds.,

Harrison and Mann (1975) explained the variation in growth form of

Zostera marina in Canada from short to tall with increasing depth as a

function of wave action. A similar explanation is offered here for V. amer-
icana which exists in the tall form in deeper water or protected coves, and
in the short form in shallow beds,

Circular plant beds were observed in several areas of the estuary.
Near Ragged Pt., (km 17 N) pure stands of V, americana were about 5 m in
diameter, Site surveys showed that these plant beds were associated with

old cypress stumps in all cases., Occasionally the submersed stunp was



Fig, 5. Aerial photograph depicting the two photographic inages
désignated as "shallow" and "deep" bed types (indicated by
arrows), This photograph was taken from ©66 m altitude

at km 19 S (29 August 1974),



51



Table 12, Index of clumping for Vallisneria americana within different’
bed types in Blount's Bay.

52

a

Bed Type Clumping Index Significance Level
Circular bed 0.367 NS
Continuous bed (deep) 0.398 NS
Clumped bed (shallow) 5.013 .05

a
. Cakenlated 2 (observed variance = 1)

(observed mean)



still present, and in others, a peaty layer consisting of decaying wood
fragments was discovered beneath a few centimeters of sand., This marsh

area on the north shore is subject to considerable wind and wave fetch across
Blount's Bay and it is thought that wave action prevents colonization except
in these pockets of organic soil left behind by the receding shoreline,
Zieman (1972) found a similar pattern in Florida between beds of Thalassia
testudinum and peat deposits of former mangrove trees,

Circular beds in the Pamlico River estuary were prominent also in deep-
er water beyond the continuous beds (Fig. 6), These beds increased consid=-
erably in size during the growing season, Most likely they start from clones
of one or a few plants and develop rapidly by vegetative propagation through-
out the season., Their circular shape results probably from changing cur=-
rent directions with winds as compared to teardrop-shaped beds often assoc=
jated with flowing streams (Hynes 1972).

The plant beds in the Hawkins Ldg.=-Mixon Creek stratum (km 23 -~ 31
N), especially along the populated shore of Bayview, North Carolina, existed
in a band of exclusively circular beds approximately 50 m from shore (Fig.
7). This region is subject to considerable fetch resulting in a higher level
of wave action which probably controls the formation of this bed type
through changing water currents, The nearly continuous chain of seawalls
and bulkheads in this area undoubtedly iﬁﬁfeases the intensity of wave action
and its effectiveness in reducing substrate stability. These seawalls may
be a major controlling factor in limiting distribution and biomass of plants
in the vicinity., However colonization of plants on the ridged sandy sub-
strate may help to stabilize the sediment in bulkheaded areas that would

otherwise be washed away. The Archbell Pt, (km 25 N) shoreline is lined



Fig., 6., Aerial photograph taken from 1333 m altitude at km 14 S

(23 October 1974).
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Fig. 7. Aerial photograph taken from 666 m altitude at km 29 N
(10 September 1975). Note the sand accumulation along

the continuous shoreline bulkheads.
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)

with a seawall bordering a large farm in addition to having a relatively
narrow littoral. Here the V. americana was exclusively a short-leaved form
with numerous broken leaves, The beds were limited to a narrow band in the
deepest portions of the littoral,

The most interesting form of circular bed was discovered in a pro-
tected area on the eastern shore of Blount's Bay near Blount's Creek (km
13 S). These beds exhibited a '"halo" photographic image with the rim of the
beds producing the familiar dark continuous texture, and the central portions
of the beds giving the granular texture common to shallow clumped beds.
An aerial photograph of these plant beds is given in Fig, 8, The difference
in image was due to a sharp differential in leaf length of V. americana,
in which the outer plants had leaves up to 80 cm and the inner plants had
leaves of 10 = 30 cm, One of these beds was observed frequently during the
1975 season, and its formation began it what later became the outer rim of
tall plants., During late April and early May small vegetative clumps devel=
oped with long leaves; the clumps slowly coalesced in early June into a
circular ring of plants with a bare center, During July and early August
short plants appeared in the center of the bed but never developed leaves
approaching the lengths found in the outer rim, The inner plants arose as
vegetative extensions of more mature plants in the outer rim, In this
protected, low flow area it is felt that the plants in the center were
shaded by the taller plants and/or limited by the lack of available nutri-
ents within these dense beds, Changing water currents probably influenced
the developmental pattern of the outer rim,

In summary the three major bed types and combinations of types were

associated with varying degrees of exposure to wave action, The most pro=-



Fig, 8., Aerial photograph of "halo" circular beds from 666 m altitude
in Blount's Bay (km 13 S). Arrows indicate beds of Potamo-

geton perfoliatus, Other beds are Vallisneria americana

(19 July 1974).
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tected areas had beds that contained long-leaved V., americana and produced
the dark smooth photographic image. In more exposed areas with a wide lit-
toral the shallow clumped beds were found in conjunction with the deeper
continuous beds and circular beds with long-leaved plants, With the greatest
degree of exposure the plants were limited to small circular patches with
short-leaved plants in the deeper portions of the littoral, In some of the
downstream areas where salinity was greater but the shoreline was somewhat
protected, circular beds with short leaves were found, suggesting a com-
plicating influence of salinity on the distribution and form of these plants,

Comparison of aerial photographs from 1974 and 1975 showed that the
location of submersed plant beds was rather stable, Although biomass dif-
fered considerably between the two years, locations of the beds were very
similar for the same period. The least stable plant beds were further
downstream where fetch and turbulent wave action may have caused unstable
substrate during the winter., During this period the winter buds of V.
americana, actually modified rhizomes, are dormant in the sand. Spring
growth from these buds is responsible for the year-to-year regrowth of
V. americana., Unstable substrate could destroy the buds, thus reducing the
probability of a plant bed being formed the next season.

An interesting trend can be seen in comparing bed area measurements
in July, August and October of 1974 (Table\a). In those areas character-
ized by both shallow clumped and deep continuous beds, a definite increase
in the deep bed area during the season was concomitant with a decrease on
the area of the shallow clumped beds, These changes, however, did not re=-
present a ;ignificant increase in the total plant bed area of the stratum,

but merely an increase in the proportion of the total area occupied by the
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deeper continuous beds, As the season progressed and the density of the beds
increased, their resistance to wave action increased, resulting along with
natural elongation in lowered leaf breakage and longer net leaf lengths,

The end result was that the proportion of the plant beds producing the dark
smooth photographic imagé increased, This is not to say that the deep beds
were older or formed earlier in the season, No evidence of this has been
found,

Floating Plant Studies

Figure 9 shows the distribution of the mean catch (g/min) of floating
macrophyte debris for the entire study period (July 1974 to February 1975)
along with the total biomass of rooted macrophytes in the same area, The
data show, with one exception, that the abundance of floating debris was
clearly related to the total biomass of plants in the same area. The anom-
alous occurrence of floating biomass near river km 15 S was due to consid=-
erable input of macrophyte debris from farther upstream, especially during
high water, and from the west side of Blount's Bay. The data also indicate
that there was very little movement of floating debris out of the portion
of the estuary occupied by submersed plants, Although some could be trans-
ported underwater, the river current is normally too weak to expect much
movement, Further evidence for low rates of transport of debris from the
general area of production is given in Tégle 13 which shows the horizontal
(shore to mid=-river) distribution patterns of floating debris as well as
the seasonal fluctuations for the study area. In July and August of 1974
when macrophytes were approaching maximum biomass, relatively little
plant material was being lost to detritus. No real differences are evi-

dent in the horizontal distribution patterns. The values for August were



Fig.

9.

Upper = Mean seasonal catch of floating material and total
nmacrophyte biomass on the north shore of the Pamlico River
estuary, August 1974, Lower ~ Mean seasonal catch of
floating material and total macrophyte biomass on the south
shore of the Pamlico River estuary, August 1974,

( —jE— seasonal catch, ----@---total macrophyte biomass),
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Table 13, Seasonal and spatial distribution of floating macrophyte
debris in the Pamlico River estuary during 1974 - 1975,

Substratum Catch (g/min)

July August October ovember January February

Plant Beds 6.95 19.71 31.35 37.89 3.64 0.24
Beyond Beds 5.16 . 11.68 11.71 12,98 1.22 0.09
Mid-estuary 4,20 25,87 9.70 3.83 0.56 0.07

Mean for Estuary S.44 22,08 19.88 16.81 1.81 0.13
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artificially high due to storm activity about four days prior to the samp-
ling period. Floating biomass increased greatly in the fall after maximum
biomass was reached and the bulk of the rooted plants began to senesce,
These factors, coupled with higher flows and more frequent storms, resulted
in increases of debris concentrations within plant beds to about 5.7 times
the original (July) level, However, the concentrations in the deeper por-
tions of the estuary increased only slightly, or remained essentially une
changed, By January and February the concentrations of floating debris
were very low and consisted mainly of residual basal stems and roots rather
than senescent leaves., This tends to indicate that the bulk of the macro-
phyte standing biomass had been released by this time of year., During the

winter months, leaves of Pinus, Taxodium, Quercus, and Juncus made up 1/3

to 1/2 of the floating debris in the estuary, indicating a significant in=-
crease in the input of allochthonous organic matter to the estuary. However
the total amount was low compared to fall concentrations of macrophyte
debris,

Therefore, seasonal patterns of floating macrophyte debris in the
estuary reflected the increased losses of organic production that were
expected as the annual die-back of the plants took place. This further
substantiates the concept that floating debris concentrations can be used
to show relative rates of debris productiéﬁ in submersed plant beds.

The effects of a strong storm from 7 = 9 October 1974 on the generation
of floating debris in Blount's Bay (km 10 = 16 S) are shown in Table 14,

A total net increase in catch of 42.5 g/min can be seen, although the
deeper portions of the bay had a large net decrease, The discrepancy is

explained by the production of large amounts of debris within the plant



Table 14. Storm-induced changes in the concentration and distribution
of floating macrophyte debris in Blount's Bay.
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Area » Catch (g/min)
6 October 1974 10 October 1874 et Change

East Side

Plant Beds 12,86 62.99 + 50.13

Beyond Beds 5.84 11.99 + 6,15
Vlest Side

Plant Beds 17.66 83,29 + 65,63

Beyond Beds 65.05 10,46 - 54,59
Middle of Bay 29,37 4,50 - 24,87

Total Change

42,45
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beds in Blount's Bay. From these data it is clear that increased wave ac-
tion from the storm resulted in the production of large amounts of addit-
ional macrophyte material in the bay, even though there seemed to be a siz=-
able export or sinking of debris from the deeper sections,

Nutrients in Aquatic Macrophytes

The nitrogen contents of aquatic macrophytes in the Pamlico River
estuary for August 1975 are shown in Table 15, Nitrogen values for samples
within a substratum agreed closely. The standard error of measurements
averaged 3.1% of the mean and was never greater than 5.8% of the mean.

Comparison of species collected from the same area indicates that P.
perfoliatus generally has a lower concentration of nitrogen than V., amer-

icana which, in turn, has a lower concentration than N, guadaluvpensis,

High ambient levels of inorganic nitrogen were probably associated with

the rampant growth of N. guadalupensis upstream in the vicinity of Washing=-

ton Park (km 3 N), a densely populated area with residential septic tanks.
R. maritima and the muskgrasses (Chara spp. and Nitella spp.) seemed to have
similar mean nitrogen levels in tissue which were somewhat lower than the
tissue concentrations in V. americana.

Table 16 shows the phosphorus content of the plant material analyzed
for nitrogen. Standard errors for substrata values averaged 5.3% of the
mean and were never greater than 8,6% ofvihe mean, P, perfoliatus had the
highest mean phosphorus concentration and V, americana the lowest., 1In
general the phosphorus content of the macrophytes in this estuary was ten
times that found in the same or similar species from other areas. Adams,
et al, (1973) tested many species of submergent and emergent macrophytes
from various watersheds in Pennsylvania for phosphorus. In that study

Vallisneria americana was found to be highly variable in phosphorus con-




69

Table 15, Nitrogen content of aquatic macrophytes in the Pamlico River

estuary in August 1975,

All values are in A g-at N/g ODW.

Area Speciesa
VAL POT NAJ RUP CHA COM CLA
North Shore
U.S, 17=-Broad Creek
Pt. 2560 1750 3130 1940 2510
- Broad Creek Pt.-
Ragged Pt.
Shallow 2330 2140 3330
Deep 2380 2140 2250
Ragged Pt.-Hawkins
Ldg.
Shallow 2040 1450 1770
Deep 2160 2180 2270
Hawkins Ldg.-Mixon
Creek 2440
South Shore
Chocowinity Bay=-
Hill's Pt. 2280 1880 2810
Blount's Bay=West
Shallow 1930 1810 2950 2380
Deep 2010 1910 2950 2360 2520
Blount's Bay-Zast
Shallow 1780 1930
Deep 2420 3030
Maul's Pt.-Core Pt.
Shallow 2020 1450 1900 1460 1910
Deep 2010 2190 2470
Core Pt.,-Texasgulf
Shallow 2710
Deep 2690 2550
Mean for River 2250 1860 2870 2080 2060 2420 2080

a < ; : 5
Species Symbols: VAL = Vallisneria americana,
iatus, NAJ = Najas guadalupensis, RUP = Ruppia

and Iitella spp., COM = Compsopogon coeruleus,

ata

POT = Potamogeton perfol-
maritima, CHA = Chara spp.

CLA = Cladophora gloner-
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Table 16, Phosphorus content of aquatic macrophytes ian the Pamlico River
estuary in August 1975, All values are in 4(g-at P/g ODV,

Area Speciesa
VAL POT NAJ RUP CHA coM CLA
North Shore
U.S., 17=Broad Creek
Pt. 251 254 238 227 91
Broad Creek Pt.,=
Ragged Pt,
Shallow 256 263 266
Deep 250 326 117
Ragged Pt,=-Hawkins
Ldg.
Shallow 218 352 191
Deep 258 391 308
Hawkins Ldg.=Mixon
Creek 270
South Shore
Chocowinity Bay-Hill's
Pt. 225 271 264
Blount's Bay-West
Shallow 202 267 380 183
Deep 217 275 305 298 166
Blount's Bay-East
Shallow 189 315
Deep 232 319
Maul's Pt.=-Core Pt,
Shallow 230 312 296 265 132
Deep 224 350 298
Core Pt.-Texasgulf
Shallow 267
Deep 242 187
Mean for River 235 303 295 283 272 157 124

aSpecies Symbols: See Table 15,
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tent between locations, but plants from seven locations ranged from 10 =

25 /(g-at/g ODW. Getsinger (1976) found Vallisneria americana in the

Currituck Sound area of North Carolina to contain GS,L(g-at/g ODW in shoots
and 53,L(g—at/g ODW in roots., The analysis reported here and those by
Getsinger were performed in the same laboratory at East Carolina University.
Similarly, two species of Potamogeton tested by Adams et al. that are
similar in grewth form and taxonomic position to a species found in the
Pamlico River estuary (P. perfoliatus) contained 14 - ZO,A(g—at/g ODW phos=-

phorus., However in this estuary the mean concentration of phosphorus in

P. perfoliatus was SOO,A(g-at/g ODW, Potamogeton verfoliatus var. bupleu-
roides stems from the Currituck Sound area were found by Getsinger toc contain
58,A(g-at/g ODW phosphorus, Thus it is evident that high ambient levels

of phosphorus in the sediments and waters of the Pamlico River estuary have
resulted in exceedingly high phosphorus accumulation in the submersed plants,
Comparative analyses of plant for nitrogen and phosphorus support, to say

the least, the contention that the plants are pot phosphorus=linited and
probably not nitrogen-limited, even though nitrogen is less abundant than
phosphorus.

Since submersed macrophytes are not woody and do not contain vast am-
ounts of food reserves, their organic carbon content has a very limited
range when expressed in terms of ODW rather than dry weight, The values
for the carbon content of the ODW for submersed angiosperms varies around
43 to 48% with the mean about 46,5% (Westlake 1965)., A 45% carbon content
in the ODW was assumed for calculating elemental ratios,

As would be expected from the phosphorus data, the plants collected

had low carbon:phosphorus and nitrogen:phosphorus ratios., Values for
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carbon:phosphorus ranged from 123:1 upstream (km 4 N) to 53:1 near Texas-
gulf (km 30 S), with the mean value at 65:1., Nitrogen :phosphorus ratios

for V. émericggg ranged from 13.1:1 (km 4 N) to 7.6:1 (km 21 N) with a mean
value of 10:1 (Fig. 10).

Some of the data presented thus far becomes more meaningful when the
component nutrient values for each of the substrata are analyzed graphically
with respect to one another. Biomass (g/m2 ODW), nitrogen ( A{g-at/g ODW)
and phosphorus (/¢(g-at/g ODW) for V, americana are plotted in Fig. 11 as
functions of distance downstream, The peaks in biomass on the south shore
correspond to Blount's Bay (km 10 - 16 S) and the Maﬁl's Pt.-Core Pt, stra-
tum (km 16 = 24 S). The peak in biomass on the north shore corresponds
to the Ragged Pt.~-Hawkins Ldg. stratum (km 17 - 23 N),

No consistent pattern can be seen in nitrogen concentrations of V.
americana, Locally higher plant nitrogen was found on the south shore just
beyond the entrance of Blount's Creek (km 14 S), and in substrata influ-
enced by Durham Creek (km 25 S and km 28 S), Nitrogen on the north shore
was more variable presumably due to the influence of several creeks includ=
ing Bath Creek (km 23 = 24 N), In the upper river a gradual decrease in
nitrogen content is seen from Washington to Blount's Bay., This trend was
interpreted as a direct influence of discharge by the Tar River,

Phosphorus concentrations in V. aﬁéficana exhibited no obvious trends,
the levels in the water and sediments presumably well above those required
by the plant. Fig. 10 shows nitrogen:phosphorus ratios for V. americana
and the data show again the influence of local tributaries on increasing
nitrogen in these submersed plants, most notably Blount's Creek (km 13 S)

and Durham Creek (km 25 S) on the south shore, and Broad Creek (km 10 N)



Fig., 10. Nitrogen:phosphorus ratios for Vallisneria americana in the

Pamlico River estuary, August 1975. ( —é—north shore,

..... @ ---south shore),
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11.

Upper - Biomass of Vallisneria americana in the Pamlico River

estuary, August 1975, Middle - Nitrogen content of Vallis-

neria americana in the Pamlico River estuary, August 1975,

Lower = Phosphorus content of Vallisneria americana in the

Pamlico River estuary, August 1975, ( —— north shore,

..... @---- south shore),
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and Bath Creek (km 23 N) on the north shore. A high nitrogen:phosphorus
ratio was also found at Sparrow Bay (km 20 - 22 S) which was the site of

a Cladophora glomerata (L,) Kutz., bloom in August 1975,

Gerloff and Kromboltz (1966) reported that the critical concentration

of nitrogen for Vallisneria americana (the tissue concentration just ade=-

quate for maximum growth) is 1.3% of the dry weight, or 1170 4 g-at/g ODW.
They also reported the crifical concentration of phosphorus as 0,13% of
the dry weight, or 52 A{g-at/g ODW. 1In the Pamiico River estuary, V. amer-
icana contains about 1.4 - 3 times the critical concentration of nitrogen
and five times the critical phosphorus concgntration; Therefore the major
species of rooted macrophytes does not appear to be nutrient-limited.

Biomass and nutrient curves for P, perfoliatus are given in Fig. 12,
The biomass of P. perfoliatus was sporadic along the north shore and the peaks
represent individual substrata where samples were taken within thick stands
of the species. Nitrogen in P, perfoliatus was generally higher in the
middle stretches of the river occupied by submersed beds, The nitrogen
content of the species has been correlated with the nitrogen content of the
substrate (Misra 1938), so the nitrogen curve may be related to differences
in substrate although no data was collected on this,

Phosphorus in P. perfoliatus was significantly (p <.05) cérrelated
with distance downstream on the north shore (y = 229.1 + 5,5x; y = phosphor=-
us concentration in,A(g-at/g ODW and x = distance in km; r = 0.90), A
similar trend was seen for the south shore with the exception of samples
taken from Sparrow Bay (km 20 - 22 S). According to Wetzel (1975), the
major source of phosphorus for most aquatic plants is the water. The study

of Potamogeton pectinatus (Jones and Cullimore 1973) supports this idea




Fig. 12, Upper = Biomass of Potamogeton verfoliatus in the Pamlico

River estuvary in August 1975, Middle - Nitrogen content

of Potamogeton perfoliatus in the Pamlico River estuary

in August 1975, Lower - Phosphorus content of Potamogeton
perfoliatus in the Pamlico River estuary in August 1975,

( —f—— north shore, -.-@--- south shore).
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and indicates that phosphate in the sediments may not be so readily availe-
able, even though it may be present in high concentrations., However, there
is evidence for phosphate absorption by roots of aquatic plants (McRoy and
Barsdate 1970), In the Pamlico River estuary water further downstream near
the lower limit of macrophyte colonization has been shown by Hobbie (1970)
to have higher phosphorus concentrations than upriver areas. This same trend
in phosphorus in P. Eerfoliatus indicates that this species is responsive
to phosphate levels in the water., The low phosphorus levels in P, perfol=-
jiatus at Spafrow Bay (km 20 = 22 S) may have been the results of greatly
reduced flow rate and 'competition'" for nutrients wifhin the dense V. amer-
icana and C, glomerata mats in the area.

Similar curves for N. guadalupensis are given in Fig. 13. Although

relatively few samples of this species were analyzed the nutrient data show

two important features., N, guadalupensis had the highest nitrogen content

of any macrophyte in the estuary and samples downstream (km 18 S) had greatly
reduced concentrations., The magnitude of nitrogen accumulation in this
species indicates a link between high nitrogen in the water during July

1975, and the rampant growth of N, guadalupensis at Washington Park, This

growth is indicated on the biomass curve in Fig, 13 at km 3 = 5 on both shores.

Trends in phosphorus content of N. guadalupensis were similar to those noted

for P, perfoliatus., From its response to known trends in water quality
in the estuary, namely, decrease in nitrogen downstream and increase in

phosphorus downstream, N. guadalupensis is likely to be a good indicator

of nutrients in the water column,

Estimates for the storage of nitrogen, phosphorus and organic biomass

by the terminal crop (peak biomass) of rooted macrophytes in 1975 appear



Fig.,

13.

Upper - Biomass of Najas guadalupensis in the Pamlico River

estuary, August 1975, Middle - Nitrogen content of lNajas

guadalupensis in the Pamlico River estuary, August 1975,

Lower = Phosphorus content of Najas guadalupensis in the

Pamlico River estuary, August 1975. ( i north shore,

~---@—-—50uth shore).
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in Table 17, Highest values for nutrients/m2 were recorded for the two
strata upstream from Blount's Bay (km O - 10 N and km O - 10 S) and the
Maul's Pt.-Core Pt, stratum (km 16 - 24 S), These figures reflect the rel=-
atively high biomass present in those areas, Total peak biomass for the
estuary reached nearly 200 MT ODW and the terminal crop contained 3.7 MT
nitrogen and 1.4 MT phosphorus. The 3.7 MT nitrogen contained in macrophytes
is less than 5% of the tofal nitrogen present in the waters of the estuary

as reported for the summer of 1973 (Harrison and Hobbie 1974), However

the storage data indicate that macrophytes are a significant producer com-
ponent and a major source/sink of nutrients‘in the upper estuary.

Filamentous Algae

Measurable quantities of Compsopogon coeruleus (Balbis) Mont., were

collected in almost every stratum during the summer of 1974, with the ex-
ception of the extreme downstream areas (Table 18). Only August biomass
data is shown here althdugh a limited amount of data was gathered in July.
Biomass along the south shore was much higher than that along the north
shore, Blount's Bay (km 10 - 16 S) and the Maul's Pt.-Core Pt. stratum
(km 16 = 24 S) had both the highest totals and the highest biomass per
unit area, In every case where the alga was found except the Core Pt.-
Texasgulf stratum (km 24 - 29 S), mean biomass of (. coeruleus‘was much
higher than that of all other macrophytes combined.

The August figure of 272 MT ODW of C. coeruleus (Table 19) was thought
to be near the seasonal maximum since the species subsequently disappeared
rapidly., Significant amounts of the alga could not be found one month
after the August sampling date. Although the July estimate of only 40 MT

is based on limited data, the several-fold increase during one month ill=-



Table 17, Biomass and nutrients in aquatic macrophytes in the Pamlico
River estuary, August 1975,

Area ODVJ2 N 2 P 2 oDwW N P
(g/m”) (g/m”) (g/m™) (MT) (kg) (kg)
North Shore
U.S., 17=Broad Creek
pPt, 66,3 3,46 0.77 17,30 266,0 63,1
Broad Creek Pt.=-
Ragged Pt. 23,1 0,50 0.18 12,20 265,7 95,9
Ragged Pt.-Hawkins
Ldg. 62,0 0,46 0,46 26,69 453,5 204,7
Hawkins Ldg.=-Mixon
Creek 46,7 0.77 0,38 10,58 167,.5 87.4
South Shore
Chocowinity Bay-
Hill's Pt, 65,8 1.78 0,48 12.33 326,6 88,1

Blount'!'s Bay-West 54,0 0.81 0.34 24,76 383.0 162.4
Blount's Bay-East 34,2 0.73 0.25 16,99 294,3 115.7

Maul's Pt,-Core Pt. 92,6 1.81 0.67 72,42 1352.3 505.8

Core Pt.=-Texasgulf 35.0 0,70 0,32 4,82 91.5 40,7
North Shore 53.6 1.28 0.43 66,77 1152,7 451,1
South Shore 73.1 1.47 0.52 131.32 2447,7 912,7

River 66.5 1.40 0,49 198,09 3660,4 1363, 8




Table 18, Biomass of Compsopogon
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coeruleus in the Pamlico River estuary

during August 1974,

Area ODW (g/m2) Total Biomass (MT)

North Shore

Broad Creek Pt.-Ragged Pt. 44,1 28,7

Ragged Pt.-Hawkins Ldg. 18.8 3:5

Hawkins Ldg.-Mixon Creek 13.4 2,9

Gaylord Bay~North Creek 0 0
South Shore )

Blount's Bay 105.6 114.9

Maul's Pt.-Core Pt, 113.1 121.6

Core Pt.,-Texasgulf 3.4 0.8

Indian Island
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Table 19, Biomass estimates of nuisance algae in the Pamlico River

estuary,
¥ rm
Speciss ODW (MT)
July 1974 August 1974 August 1975
Compsopogon coeruleus 40 272 0.75
Cladophora glomerataa - - 10,90

aCladonhora glomerata was found in 1974 only in small amounts scattered
in the estuary.
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ustrates the tremendous growth rate of this species, Significant amounts
of C. coeruleus sampled during 1975 occurred only along the west side of
Blount's Bay (km 12 S) and on the north shore above Broad Creek Pt, (km 10
N) near Washington,

Northeast wind storms probably accounted for the dense accumulations
of C., coeruleus in 1974 in Blount's Bay and near Sparrow Bay (km 20 = 22
S). The extensive littorai area (more than 400 m from shore to 2 m water
depths in some places), coupled with high summer temperatures and generally
lower turbidity, provided prime conditions for proliferation of C. coerul-
eus at these sites. Growth to bloom proportions mayAhave been associated
with increased nitrogen (especially nitrate) levels in the water upstreanm,
or from pulses of increased nitrate concentrations associated with periods
of high river flow, Detailed seasonal studies of littoral inorganic nutri-
ents are needed to test this hypothesis.

Some C. coeruleus was found in the estuary (as well as in creeks)
during the winter, At any rate the data shown here indicates that little
original "seed" material need be present for explosive growths of C. coerul=-
eus to occur,

Biomass and nutrient data for the C. glomerata bloom in Sparrow Bay
(km 20 = 22 S) during August 1975 are given in Table 20, The élga appeared
very suddenly and a northeast wind storm was probably responsible for ac-
cumulation of the alga into extensive mats in the bay., Biomass per unit
area of the submersed mats of C. glomerata equaled that of the rooted
macrophytes, while the shoreline mats had a biomass of over seven times
that of V. americana in the area., The entire bloom area covered 17 ha and

contained 10,9 MT ODW, 291.2 kg nitrogen and 46,5 kg phosphorus. The
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Table 20, Standing crop and inorganic nutrient concentrations oi Clado-
phora glomerata and Vallisneria americana during a bloonm at

km 21 5 on the Pamlico River estuary, August 1975,

Source oDy, SE 1°  P® Area Total ODW Total N Total P
(g/m™)} (ha) (kg) (kg-at) (kgeat)

Subnmersed

C. glomerata 40,2 4,1 1906 132 15.5 6231 11.9 0.8

Rooted

V. americana 41.4 2.8 2197

Shoreline Mat

C. glomerata 254,4 102,8

V. americana 27.6 14,7 2574 287

Totals:

Shoreline Mat 282.0 58,7 1970b 147 1.6 4512 8.9 0.7

Bloonm 17.1 10643 20.8 15

2 litrogen and phosphorus concentrations are in ,b(g-at/g ODW.

Estimates are based on nutrient concentrations of submersed C. glom-

erata
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nitrogen:phosphorus ratios of the C. glomerata and V, americana were 14:

1 and 10:1 respectively, High photosynthetic rates by the C. glomerata

were evident because the submersed mats rose as oxygen accumulated during

the day within the mats, It is interesting to note that the location of

the C. glomerata bloom in 1975 is the same area where the highest mean biomass
of C. coeruleus was measured in 1974, The 1975 bloom persisted for about

8 wk and dissipated more slowly than the C. coeruleus in 1974,

Reasons for the sudden bloom conditions remain obscure, although it
could again be explained by the alga's reaction to increased nitrogen levels
during restricted high flow periods. The only significant amounts of C.
glomerata observed before this bloom were in Bath Creek (km 26 N). A severe
northeast storm like the one that occurred for several days before the 1975
bloom appeared could account for transport of C. glomerata from its source
in Bath Creek to Sparrow Bay where the bloom appeared. Here again, shallow
water and warm temperatures favored maximum photosynthesis. A veriod of
extensive rains occurred in the watershed during July and resulted in high
estuvarine flow, Runoff in the region could have been the key to bloom
conditions in Sparrow Bay. Water samples taken in conjunction with a study
of organic carbon flux in the estuary showed that the water in the immediate
vicinity of the bloom contained 65.5 /ﬂg—at/l of total soluble (filtered)
nitrogen, while the water in Blount's Béjk(upstream) and near Durham Creek
(downstream) contained only about 50 M g-at/l total soluble nitrogen. This
difference prevailed in spite of the heavy macrophyte biomass, All of these
values were significantly higher than the 11,6 = 34.5,4(g-at/1 range for
total filtered nitrogen reported by Harrison and Hobbie (1974) for the

estuary on 8 September 1972, Thus, it appears that the water near the



C. glomerata bloom was higher than usual in nitrogen, It is not known
whether this nitrogen was inorganic nitrogen from runoff or organic nit=-

rogen secreted by C. glomerata and other macrophytes.

90



SUMMARY

Aerial photography was used successfully to map submersed plant beds,
Coverage of macrophytes increased from 319 ha in July 1974 to 372 ha in
August and then dropped to 255 ha by October. In September 1975 coverage
was 284 ha, Significant areal changes occurred during the growing season
but maximum coverage was relatively stable from year to year, especially
in upstream areas. Used in conjunction with field studies the aerial pho=-
tography made possible estimates of macrophyte biomass that should be more
accurate than classical transect studies.

Field studies in 1974 showed that density of plants in the estuary
ranged from 80 - 360 plants/mz. Biomass values ranged from 2,3 = 50 g/m2
organic dry weight (ODW), with the highest biomass occurring in the upstreanm
areas and in deep water beds. Greatest differences in July and August
biomass occurred in shallow areas protected from intense wave action.

Total biomass in August 1975 ranged from 22 - 100 g ODW/m2 with average
values around 65 g ODW/mZ. Recorded biomass was generally higher in 1975
although much of the difference could be attributed to sampling changes
between the two years.

| Hydrographic data showed that salinity fluctuated as much as 13 parts
per thousand (°/c0) during a year, and water temperature ranged from 5 - 34
0C. Secchi disc transparency values rangéd from 0,3 - 2.0 m. Fluctuations
of these factors probably contributed to the low diversity (0 - 3,0 natural
bels, Brillouin's Index) encountered in the submersed plant community.

Dominance by Vallisneria americana Michx., with relative exclusion of other

species was obvious,

Total estuarine biomass estimates were 76, 104 and 198 MT ODW for



July 1974, August 1974 and August 1975, respectively, High total biomass

of various areas within the estuary seemed to be related to phyeiography

of the littoral, lower turbidity, more stable salinity and reduced wind

and wave stress, Biomass in 1975 was significantly higher than that in 1974
but only part of this increase could be attributed to a real change in
biomass.

Study of submersed plant bed patterns in the estuary revealed several
factors that may affect colonization., High turbidity likely limited beds
to areas less than 2 m in depth, and fluctuating water levels probably
prevented colonization very close to the shoreline in less than 40 cn of
water, Wind-generated wave action appeared to be important in formation
of circular beds and, in extreme cases, greatly reduced colonization and
biomass, especially in areas adjacent to seawalls and bulkheads.,

Studies of floating macrophyte debris revealed that most of the living
plant biomass was lost to detritus between August and November, Catch val=-
ues for this period were from 20 - 40 g fresh weight/min while catches
before and after this time were less than 7 g fresh weight/min, even in the
area of the plant beds, Comparatively little macrophyte debris left the
area of the estuary colonized by plants, at least while it was in the float=
ing stage, Storms correlated with production and transport of significant
amounts of plant debris. o

Inorganic nutrients in aquatic macrophytes, especially phosphorus, were
relatively high. V. americana contained 2250,A{g—at/g ODW nitrogen and
235,»(g-at/g ODW phosphorus, These values are well above those reported
to be limiting for the species., Comparison of species collected from the

same area indicated that Najas guadalupensis (Spreng.) Magnus had higher
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concentrations of nitrogen (287O/L(g-at/g ODW) than V, americana (2250
,4(‘g—at/g ODW), which, in turn, had higher concentrations of nitrogen than

Potamogeton perfoliatus var, bupleuroides (Fern,) Farw, (1860.K{g~at/g onw).

P. perfoliatus had the highest mean phosphorus concentration (303 A{g-at/

g ODW) and V. americana the lowest (235 /%g-at/g ODW). High tissue nitrogen

in N. guadalupensis upstream may have been related to inputs from the Tar
River and septic tank drainage, while phosphorus in P. perfoliatus seemed
to follow a gradient of increasing phosphorus in the water downstream.,

Calculation of the storage capacity of macrophytes indicated that the
maximum, or terminal, crop of plants in 1975 containéd 66.5 g ODW/mz, 1.4
g/m2 nitrogen and 0.5 g/m2 phosphorus., Considering the entire ecosystem
the macrophyte community contained 198 MT ODW, 3.7 MT nitrogen and 1.4 MT
phosphorus . Even though these values were a small portion of the total
nitrogen in the estuary they indicated that aquatic plants were a signifi-
cant producer component and source/sink of indrganic nutrients in the upper
estuary.

Nuisance filamentous algae were prominent in the estuary during both

years, though moreso in 1974, The August 1974 biomass of Compsopogson coer=-

uleus (Balbis) Mont., was estimated to be 272 MT ODW or over twice that of

2ll other macrophytes combined. In 1975 Cladophora glomerata (L,) Kutz,

was the dominant nuisance algae with a 5idﬁass of 11 MT ODW, Bloom con=

ditions of these species may have arisen from optimum growth conditions

in a clear warm littoral as well as high nitrogen levels in the water,
Submersed plant beds in the Pamlico River estuary responded to a large

number of environmental factors that manifested changes in biomass, diversity

and tissue nutrients which resulted in great spatial variation in those par-
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ameters throughout the estuary. Although no significant trends were found
during the two year study period, the appearance of filamentous algae in
nuisance proportions indicates changing environmental quality and allows
speculation of more widespread changes in the estuary.

The.work reported here leaves much to be done, Further studies should
involve the fluxes of nitrogen and phosphorus into and out of macrophytes
(from water and substrate), The relationshiv of inorganic nutrients and
wind tides to filamentous algal blooms needs investigation, Algal blooms
are a significant indication of eutrophication tendencies in the Pamlico
River estuary as well as being the most important macrophytes affecting

human use of the estuary.
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APPENDIX

The great variation in density, biomass and diversity of the submersed
plants in the Pamlico River estuary presented many probhlems for accurate
sampling., Two sampling models were employed to minimize variation dve to the
sampling methods alone., However the use of two methods confused comparison
of biomass between the two years of the study.

The purpose of this appendix is to evaluate the sampling procedures used
in the 1974 and 1975 field studies in terms of deriving an optimum method for
obtairning total biomass estimates as well as the best method for comparing
year to year changes in selected areas., With the information gained in the
present study, future work on submersed planis in the estuary could be con-
siderably reduced, yet accomplish the same end product.

In sampling submersed plants for biomass three sampling problems should
be evaluated beforehand: optimum quadrat size, number of samples and a spec=
ific sampling model,

The present study employed two quadrat sizes: 0.1 m2 was used in 1974
and 0,25 m2 was used in 1975, Only after the 1974 work was completed was a
guantitative test done to determine optimum quadrat size., As suggested by
Greig-Suith (1964), nested quadrats of varying sizes were used. Plant density
was determined in nested quadrats of ,01, .05, .10, .25, .35 and ,50 m2, with
nine réplications in a continuous unifofﬁ‘plant bed., Plots of density,
variance and mean square against quadrat size were made, This data indicated
that a quadrat of 0,25 m2 yielded low variance and stable density with respect
to other sizes. The mean square data also showed that the plants were clumped

in aggregations of about .08 m2 due to vegetative propagation, Therefore use

2
of a 0,1 m quadrat, as was dcne in 1974, led to higher variance and somewhat
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inflated density values., A matched pair test showed that within the same plant
bed, the 0,1 m2 quadrat gave higher density values than the 0,25 m2 quadrat,
This relationship was significant beyond the ,001 level, However the 0,25 m2
quadrat was not significantly different from the larger quadrat sizes (0,35

and 0,50 mz).

The two sampiing models used in this study were employed in different
years and utilized different quadrat sizes. These factors led to confusion
in year to year comparison of plant biomass in the same area, Since no direct
comparison of methods at the same time was made, evaluation of each method
with regard to biomass estimates also becomes more dificult. The precision,
or repeatability, of each sampling method is also an important consideration
for determining methods for future studies,

In 1974 a transect was replicated three times at the same place in the
Blount's Bay-lVlest stratum (km 10 - 13 8), One-way analysis of variance tests
showed no significant differences in plant density between replications
(F(.05)= .01), In addition a transect in the Hawkins Ldg.=-lMixon Creek stratunm
(km 28 -~ 31 N) was also replicated and the three replications tested for
differences in biomass (by species) with a matched pair analysis, All re-
plications were shown to be significantly different (p € .05) in total biomass

of all species, and the biomass of three species: Vallisneria americana Michx,,

Potamogeton verfoliatus var, bupleuroides (Fern,) Farw,, and Ruppia maritima
£ P 3

L. Only two groups of minor species were not different: Najas guadalupensis

(Spreng.) Magnus and Chara spp. and Nitella spp. Therefore the precision
of the random transect, fixed station method used in 1974 was to some extent

dependent on the location in the river and the distribution pattern of plants.
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Precision tests of the 1975 sampling nodel were made in two substrata:

a shallow clumped substratum in the Maul's Pt.-Core Pt., stratum (km 16 - 24
S) and a deep continuous bed in the Ragged Pt,-Hawkins Ldg., stratum (km 17 =

23 N)., Three replications accomplished in each of these substrata were
not significantly different (p ¢ .05) in total biomass or biomass of any spec=
ies, From these data it appears that the stratified systematic unaligned
model used in 1975 was more precise than the transect method and performed well
vith lower variation under clumped and non-clumped plant distributions,

Table 21 is a comparison of maximum biomass estimates for 1974 and 1975
as measured by the two sampling methods., Standard errors averaged 8% of the
mean in 1974 and 7% of the mean in 1975, and with few exceptions were less
than 10% of the mean, Strata with the highest standard error:mean ratio in
1974 were shallow clumped beds and areas downstream that were characterized
by clumped circular beds, This variation was reduced somewhat in 1975, For
example, in the Hawkins Ldg.=-Mixon Creek stratum the standerd error was re-
duced from 18,9% of the mean in 1974 to 13.3%of the mean in 1975,

The number of samples required to obtain these variability levels is also
an important criterion in the evaluation of methods. The reduction in the
standard error:mean ratio of the Hawkins Ldg.-Mixon Creek stratum mentioned
above .was accomplished with 15 quadrats instead of 186 examined in 1974,

In addition all 1974 calculations ommitted three or more consecutive gquadrats
that contained no plants in an attempt to reduce variation of measurement,

Considering the river as a whole the same level of variability was obtained
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Table 21, Comparison of maxinum subnersed plant biomass in 1874 and 1975
as neasured by two different methods,

Area Auzust 1974 August 1975

ODW (g/m2) SE N . oDW (g/m%)  SE N

North Shore
U.5, 17=Broad Creek
pt. - - - 66,3 4,4 10
Broad Creek Pt,-
Ragged Pt,

Shallow 30,3 3.4 46 30.8 2.1 5
Deep 26.9 2.7 366 22.3 1.4 12
Ragged Pt.~-Hawkins
Ldg.
Shallow 20,3 3.8 103 73.1 5.9 15
Deep 26,8 2.5 166 55,4 3.8 9
Hawkins Ldg,.~lMixon
Creek 10.6 2.0 186 46,7 6,2 15
Gaylord Bay=llorth
Creek 3.0 1.1 77 - - -
South Shore
Chocowinity Bay-
Hill's Pt. - - - 65.8 5.3 9
Blount's Bay=lest
Shallow 23.2 3.6 59 63,9 7.7 15
Deep 41,3 4,4 99 41.5 3.6 &)
Blount's Bay=-~East
Shallow 29.1 2.8 76 35.8 D 1 15
Deep 35.2 3.7 85 30.4 3.3 9
fault's Pt.-Core Pt,
Shallow 11.2 3.4 150 62.8 6.2 27
Deep 50,0 4,2 310 101.5 8,7 6
Core Pt.,=-Texasgulf
Shallow 11.6 2.0 84 30,2 3,6 3
Deep 32,0 3.0 145 39.7 3.0 8
Indian Island 0.9 0.1 32 - - i
North Shore 25,0 3.1 Q44 53,6 3.7 66
South Shore 37.4 2.6 1040 731 9s2 98
River 33,8 2.7 1984 66,5 4,6 164
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in 1975 with & ©0% reduction in the number of quadrats exanined, However the
differences should not be interpreted to be only the result of the sampling
models themselves, Tests showed that even with the transect sampling method
a great reduction in sample number was possible without a significant change
in biomass estimates, Alternate quadrats were eliminated from the 1974 data
and biomass was calculated by strata., No significant differences (p < .05)
prevailed in any stratum, Randonm elimination of transects within strata in
1974 showed that equivalent biomass estimates could have been obtained with
only four transects in each stratum, and only three transects in some strata
(Ragged Pt.-Hawkins Ldg., Hawkins Ldg.-Mixon Creek, and Gaylord Bay=Horth
Creek), These tests were conducted after alternate stations had been elin-
inated from the data. Therefore it appears that a considerable reduction
in sample size is possible with the transect method without & significant
change in biomass estimates. However this still does not resolve any absolute
differences between the two sampling methods,

The most important criterion in determining sampling intensity for
year to year comparison of biomass in a selected area is the level of differ-
ence in biomass between years one wishes to detect. Milner and Hughes (1968)
give a formula for determining the number of samples required for specified

levels of accuracy: 2

t s ]
N =n D = -

vhere n is the number of trial samples, s is the standard error of the trial

samples, D is the required level of accuracy (expressed as a decimal), x is
the mean of the trial samples and t is from statistical tables (for the number
of trial samples). Using the number of samples taken in the present study

in 1975 it is possible to determine the number of samples needed for detec=
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Table 22, Sampling intensity needed for detccting year to year biomass
changes with 95% confidence,

Area Detectable Difference (%)

N 10 20 30 50

North Shore
U.S 17=Broad Creek
Pt. 10 22 6 3 1
Broad Creek Pt.,- '
Ragged Pt,

Shallow 9 16 4 2 1

Deep 12 23 6 3 1
Ragged Pt.-Hawkins

Ldg.

Shallow 15 45 12 5 2

Deep 9 22 6 3 1
Hawkins Ldg.=Mixon

Creek 15 1:21 31 14 5

South Shore
Chocowinity Bay-

Hill‘'s Pt. 9 30 8 4 2
Blount's Bay-lWest
Shallow 15 100 25 12 4
Deep 6 27 7 3 2
Blount's Bay-East
Shallow 15 © 139 35 16 6
Deep 9 55 14 7 3
Maul's Pt.-Core Pt,
Shallow 27 111 28 13 5
Deep 6 27 7 3 2
Core Pt.~Texasgulf 11 69 18 8 3
North Shore 66 126 32 14 6
South Shore S8 198 50 22 e}
River 164 304 76 34 13

aN is the number of quadrats harvested in each area for the present study.
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ting a specific level of change in year to year biomass, Table 22 shows the
nunmber of samples in cach stratum that are reguired to show the given level of
change, It is assumed that the samples are talken according to the sampling
nodel used in 1975 in the present study. The data in Table 22 shows that

with the sampling employed in the present study, it was possible in most strata
to detect a 20% differcnce in yearly biomass, On the north shore in the Haw-
kins Ldg.=lMixon Creck stratum a 30% difference was possible, The same is true
for shallow beds in both Blount's Bay strata and the Core Pt.-Texasgulf area,
An increase in the number of samples allocated to these highly variable arcas
would achieve a uniform level of confidence for estimates in all areas of the
estuary. This should be a goal of sampling in the future,

Future work on the Pamlico River estuary should talke into consideration
the environment and characteristics of the area selected for study before
selecting a level of accuracy. The level of accuracy may even change with
different locations., TFor example in the Hawkins Ldg.-lMixon Creek stratum
(kn 28 = 31 N) greater wave stress and salinity fluctuations would dictate
a greater natural varisbility in year to year plant biomass than sheltered
low salinity areas such as Blount's Bay, Therefore if the biomass changes
are being attributed to some other factor, eutrophication, for example, a
wider range of biomass must be considered normal in the downstream stratun,

The discussion heretofore has been based mostly on quantitative evidence
derived from evaluation and comparison of the two sampling methods used in
this study. However future work along these lines should also be based on
some qualitative observations about the sampling that may aid in experimental
design,

Classical random transect, fixed station studies, such as the one used
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in the 1974 studies here, are excellent methods of determining effccts of
light and depth, wave acticn and distance from shore on the density and
biomass of submersed plants, However several problems arise when this teche
nique is applied to the estimation of total biomass, either in the river as

a whole or on a selected area basis, Transect techniques are subject to

large variation that arises from the random or aggregated nature of plant
distribution within beds, and even the distribution of beds within the littoral.
Clumped beds result in falsely low biomass values due to many empty quadrats,
and high variability for the same reason, Continuous beds result in somewhat
high biomass values since barren, or low biomass areas in a bed occur at
randon points and not al selected intervals, Transect techniques also require
a great number of sanples and a good deal of time for obtaining adequate
repeatability and confidence intervals., For these reasons the classical tran=-
sect nethods are not well suited for biomass studies of a large study area
such as the Pamlico River estuary.

A stratified systematic unaligned model, as was used in 1975 here, seecus
to perform well under continuous or aggregated vlant distributions, Greatly
reduced sanple sizes are required, thus facilitating direct harvesting of
biomass, Direct harvesting is certainly preferred over a technique which in-
volves density measurcments (with their ovm inherent errors), that are cal-
ibrated with relatively little plant biomass harvested, It is felt, therefore,
that future work shduld employ a sanpling vrocedure similar to that used in
the 1975 studies presented here. Adjustment of sample size according to
Table 22 will yield precise, confident biomass estimates for all areas of the
river,

It is probably not necessary to sample the entire estuary in order to
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obtain a total biomass estimate with reasonable confidence, Intensive sampling
in selected areas will yieid excellent estimates for those regions that could
be extrapolated without much concern to other areas of the estuary. This

type of study should include an area upstream from Broad Creek PU, and Hill's
Pt,, on either shore, Bilomass is typically uniform and high in these regions,
A study of submersed plants as indicators of eutrophication or nutrient en~
richment from the Ter River should also center around this area,

A second area for selected study should be Blount's Bay, probably the
west side. This area is somevhat sheltered and is typified by medium biomass
that could be extrapolated to plant beds from Broad Creek Pt, to Hawkins Ldg.
on the north shore, Plant beds between lMaul's Pt, and Core Pt, on the south
shore should be studied due to the high biomass present and the abundance of
nacroalgae that accumulate in the area, Some sampling should ailso be done
in the area of Bayview, lNorth Carolina on the north shore., This region is
stressed by wind and wave action., Biomass is highly variable here due to
these factors and the bulkheaded shoreline, A sample site in this region
would also give indications as to the effects of salinity fluctuation on plant
biomass and diversity.

In a study such as described above, it would be advisable to obtain
enough samples in each area to detect a 10% difference in yearly bionmass,
Since few stations are used an accurate representation of bilomass at those
stations is especially important. If the entire estuary is surveyed, sampling
should attemnpt to resolve a 20% difference in biomass upstream from Core Pt,
on the south shore and Bath Creel on the north shore, A detectable difference

of 30% in the dovmstream areas would be reasonable since the biomass is low

and scattered and an excessive number of samples would be required for 20%



precision, In addition, as mentioned above, the downstrean sirata should be
expected to have & wider range of yearly bionmass fluctuation,
In summary, some specific suggestions are given for future bionass
studies_of the submersed plants in the Pamlico River estuary:
1) use a stratified systemalic unaligned sampling model, or similar onc
to the one used in the 1975 studies presented here
2) use a 0.25 m2 quadrat
3) use Table 22 as a guideline to the number of samples needed in each
area studied
4) attempt to achieve 10% accuracy in studies concentrating on selected
areas as indicators of total biomass, but use only 20% or 30% accuracy
if the entire estuary is sampled
5) chooge areas that will be representative of other regzions in the cst-

uwary. Suggestions are given in the preceding paragraphs,
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