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ABSTRACT

Dredge spoil, sand and mud scooped from the bottom of navigation
routes and piled high on channel edges has been successfully
stabilized with plantings of North Carolina's dominant marsh grass,

Spartina alterniflora.

Benefits of stabilizing spoil with Spartina, commonly known as
smooth cordgrass, appear to be two-fold. In the short term, marsh
grass slows erosion of spoil back into the waterways, thereby re-
ducing the need for frequent and costly dredging with its wear and
tear on the environment. In the long term, areas covered with
Spartina come to look like natural marshlands. Marsh provides a
vital source of nutrients and food for many young fish and shellfish
and are therefore important to fishery resources.

Even though from outward appearance it looks like natural marsh,
scientists aren't sure if spoil covered with Spartima has characteristics
similar to nature's marsh beneath the surface. Natural marsh is more
than a healthy stand of smooth cordgrass. It is habitat for animal
life, or fauna, much of which is found nowhere else. Complex nutrient
cycles involving the marsh fauna, sediments, grass and overlying
waters are also found only in natural marsh.

The purpose of this research was to answer the general question:
Does spoil covered with smooth cordgrass function similarly to natural

marsh? Specifically, the research was aimed at determining differences



in animal life, or fauna, in spoil areas and natural marsh. Four
objectives were carried out. They were: (1) To determine what
fauna is found in tranmsplanted spoil; (2} To compare spoil and
natural marsh fauna; (3) To determine if spoil will ever resemble
that of the natural marsh; (4) If the answer to {(3) is yes, to
determine how long after spoil is deposited animal life in the new
marsh will become similar to natural marsh fauna. An additional
objective was to investigate how the growth of Spartina may affect
the development of animal life.

Two locations, one at Drum Inlet (Carteret County, N. C.) and
one at Snow's Cut (New Hanover County, N. C. )} were chosen for
the study because of the difference in age of the spoil marsh and
the range in environmental conditions. Sampling of the areas,
both of which included bare spoil, artifical marsh and natural marsh,
continued over a nine-month period, from March to November, 1973.

To determine factors affecting fauna at both locations, sediment
particle size, organic carbon content, sediment temperature and
Spartina biomass were analyvzed. Measurements of faunal concentrations
were taken regularly.

Two patterns of faunal development were found to occur at the
sites. TFauna found in bare and planted plots at Drum Inlet were
generally much alike.. But a marked difference was found between
fauna from ﬁhese plots and that from Drum Inlet's natural marsh. 1In

contrast, ar Snow's Cut, bare and planted plots differed greatly



in faunal development. There, bare, more than planted marsh fauna,
resembled that of the natural marsh.

Spartina, an effective spoil stabilizer, appeared to have only
an indirect effect on faunal development. The marsh grass traps
moving sediment, thus comtributing to the build-up of sediment
and an increase in elevation.

Flevation was suggested as a major factor affecting faunal
development. At Drum Inlet, where elevation differences between
bare and planted plets are small, fauna in the two areas were
similar. Afr Snow's Cut, where elevation differences are great,
fauna were distinctly different in the bare and planted plots.

The research indicates that planted spoil fauna at Drum
Inlet will more quickly resemble the natural marsh than that at
Snow's Cut, even though the Drum Inlet area has been developing
for a shorter time. Two explanations are offered: (1) Sediment
particle size at Drum Inlet was almost identical to that if the
natural marsh, while particles at Snow's Cut were smaller than
natural marsh sediment: (2) It is possible that because of periodic
overwash the natural marsh at Drum Inlet was less mature than that
at Snow's Cut. Less maturity could mean that faunal development
would require less time teo resemble that in the natural marsh than
in a more mature system.

One indication of how long it will take spoil marsh to resemble

natural marsh is the organic carbon content of the sediment. Using



organic carbon content as an indicator, estimates are that Drum
Inlet spoil will resemble that of natural marsh in approximately
four years from the time spoil was last deposited, But at Snow's
Cut, the process may take as much as 25 years.

In conclusion, the research shows that planting Spartina on
dredge spoil can lead to the creation of salt marsh that resembles
marsh built by nature. How long this takes depends on how closely
spoil resembles the natural marsh sediment, the natural sedimentation
rate of the area, rhe elevation and the maturity of the natural

marsh compared to the area of spoil deposition.
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INTRODUCTION

Salt marshes along the Atlantic and Gulf Coasts have recently be-
come the subject of intense investigation. Teal (1962), Day et al. (1973)
and Nixon and Oviatt (1973) have published energy flows for entire marsh
ecosystems in Georgia, Louisiana and Rhode TIsland, respectively. The
value of these marshes to nearby estuarine and coastal systems in supply-
ing nutrients, food in the form of detritus, and in serving as a nursery
ground for many commercially important species has been recognized ({0dum
1961; Teal 1962; Cdum and de la Cruz 1967; Day et al. 1973; de la Cruz
1973). Gosselink et al. (1974) have estimated a value of $50,000 to
$80,000 per acre when functions performed by the marshes such as tertiary
waste treatment are included in the evaluation. Many of the coastal
states have enacted laws intended to protect existing marshland from
destruction (Wass and Wright 1969).

A project has been underway for the past five years in North
Carolina to establish salt marsh on dredge spoil by planting Spartina

alterniflora (Woodhouse et al. 1972, 1974a, 1974b; Seneca 1974). The

immediate benefit has been stabilization of the dredge spoil thereby
reducing the expense involved in repeated dredging. The long term bene-
fit is expected to be the establishment of additional acres of marshland
on spoil which would otherwise be wasteland.

After a period of only two years the artificially established
marshes resembled natural marsh in both appearance and Spartina dry
matter production (Woodhouse et al. 1974a). However, a natural marsh
is much more than just a monospecific stand of Spartina. A distinct marsh

fauna exists and many of the animals are found nowhere else {Teal 1962).



Complex nutrient cycles are known to exist which involve the marsh sedi-
ments and fauna as well as the Spartina and overlying water (Pomeroy
et al. 1968). The establishment of a stand of Spartina is ortly one

step toward marsh creation.

This study was undertaken to investigate the macrofauna of the spoil
marshes. The objectives were:.l) to determine the composition of the
spoil fauna; 2) to investigate the relation of the spoil fauna to the
natural marsh fauna; 3) to determine whether the spoil fauna will ever
resemble the fauna of natural marsh; and 4) if so, to determine how long
a time period will be involved.

Kraeuter and Wolf (1974) suggested that there are several ways
salt marsh plants may influence marine macroimvertebrates, for example
by providing them with substrate, food and protection from predation, and
by modifying the temperature, humidity and illumination at the sediment
surface. An additional ohbiective of this study was to investigate the
effects of Spartina growth on the fauna by using for a control bare spoil

areas adjacent to those areas that were planted.



DESCRLPTION OF THE STUDY AREAS

Two locations were chesen for this study, one at Drum Inlet and
one at Snow's Cut (Fig. 1). These areas were chosen to represent dis-
tinct siruations: there was a difference in the ages of the spoil marshes
and they encompassed the greatest range in environmental conditions of

the available sites.

Drum Inlet

The Drum Inlet study area was located just north of new Drum Inlet
(Carteret County, 34°51'N, 76°19'W) which runs through Core Banks, one
of the barrier islands of North Carolina. New Drum Inlet was cut through
Core Banks by the Corpsof Engineers in December 1971 after the natural
inlet 4.5 km to the north had closed due to its southward migration com-
bined with extensive shoaling (Godfrey and Codfrey 1974). The dredge
spoil from this operation was deposited behind the island and graded to

facilitate planting of Spartina alterniflora. At the time of deposition

the spoil was composed of 98% sand, 0.4% silt and 1.67 clay (Woodhouse
et al. 1974b). Spartina was planted in May 1972 and at the beginning
of this study had been growing approximately one year.

The barrier islands normally support a vigorous growth of marsh
on rthe landward side relying on overwash material to supply surface for
the marsh's expansion (Godfrey and Godfrey 1974), A narrow band of such
natural marsh was present at Drum Inlet, adjacent to the site of spoil
deposition.

Lxrensive hydrographic data was available for the waters around

old Drum Inlet and they probably reflect quite closely conditions at
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new Drum Tnlet as well. The surface water near the inlet was near oceanic
in salinity with average monthly values ranging from 28-35 %o , lowest

in the winter and highest in the summer (Williams et al. 1973). Average
monthly surface temperatures ranged from 9-27°C with highest temperatures
recorded in August (Williams et al. 1973). Tidal range for Core Sound

in this area is almost 1 m (Godfrey and Godfrey 1974) but the range

appeared to be less than 0.5 m in the tidal creek which flooded the marsh.

Snow's Cut

The Snow's Cut study area was located on a spoil island lying in
the Cape Fear River estuary (New Hanover County, 34°07'N, 77°56'W) approx-
imately 24 km from the mouth. Fresh spoil was deposited about 60 days
prior to the planting of Spartina which occurred in April 1971. The
slope at this time was approximately 1.2-2.0% and the spoil was composed
of 967 sand, 1% silt and 37 clay (Woodhouse et al. 1974a). At the begin-
ning of this study the Spartina had been growing for twe years.

Natural marsh occurs along the banks of the river in a narrow band
generally less than > m wide. From the eroding peat banks facing the
river it appears that wave action, possibly generated by the intense
shipping traffic in the area, prevents the marsh from expanding into the
river.

Salinity in this area is gererally low, from 7-10 %o ., Tidal

amplitude is about 1.3 m.



METHODS

Sampling was carried out from March to November 1973; five samples
were taken from Drum Inlet and four from Snow's Cut. The samples were
taken from each area at 6-7 week intervals.

Three permanent transects were established at each site, one
through the unplanted (Bare) plot, one through the artificially planted
(Planted) plot, and one through the nearest natural marsh. Where Spar-
tina was present the transects ran from the upper extent of its growth
down to the center of the tidal creek at Drum Inlet or to just above
mean low water at Snow's Cut. The transects through the Bare areas were
set up parallel to the Planted transects.

In order to consider the effects of Spartina-mediated sediment
accretion, permanent stations were established at Drum Inlet (Fig. 2a, 3a)
by distance from the center of the ridal creek rather than by elevation.
At Drum Inlet the Bare and Planted transects each had seven stations,
3.3 m apart, which were marked by stakes. The natural marsh had only
four stations, 3.3 m apart, due to its narrower width. Due to the ar-
rangement of the transects the lowest station of the Bare transect was
also the lowest station of the natural marsh.

Similarly, Snow's Cut stations (Fig. 2b, 3b) were located by
distance from the water at low tide. Because of the greater length of
the transects and the gentle slope, stations were placed 20 m apart.
Stations in the Bare area were marked by stakes bhut the dense growth of
Spartina made this impractical in the Planted area. Instead only the
lower and uppermost stations were marked with stakes; the middle two
stations were approximated each sampling period hy determining the proper

distance from the outer stakes and then walking into the middle of the
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ploc. The Planted area had four stations, the Bare area three; this was
because the Spartina extended about 20 m beyond the upper limit of the
Bare area which was marked by encroaching vegetation from above (mainly
Spartina). The natural marsb had only three stations, about 1.5 m apart,
due again to its narrow width,

Tn addition one sample was taken at Drum Inlet from a section of
spoil planted with Spartina and fertilized with the addition of N and P.
Three stations were sampled, one from the lowermost growth of Spartina,
one from the uppermost growth, and one from the middle.

Sampling was done with a stainless steel piston corer 9.5 cm in di-
ameter (70.9 cmz). Cores were taken to a depth of 13 em and typically
were taken in replicate pairs about 1 m apart from each station at low
tide. Three replicates were taken from each station in the natural marsh
and the Fertilized plot due to the smaller number of available srations.
Cores were not taken from locations where evidence of previous sampling
still remained.

Core samples were washed through a 1 mm sieve in the field and the
remaining sediment, plant debris and animals were preserved in formalin-
sea water. Howmiller (1972) found that weight loss occurred when inver-
tebrates were stored in formalin prior to weighing; consequently the
biomass figures from this study are probably underestimates of the true
values. Animals were separated in the laboratory with sugar flotation
(Anderson 1959)., It was necessary Lo pick through the Spartina roots by
hand but occasional use of staining showed that recovery was almost 100%.

All animals except insects were identified to species; insects could
only be identified to family and for this reason the number of insect
species was undoubtedly underestimated (G. Steyskal, personal communica=-

tion). Molluscs were decalcified in dilute hydrocloric acid for 30



seconds to 1 minute and then all the animals were placed on tared alumi-
num foil planchets for drying. They were dried at 55°C for four days;

no significant weight loss occurred after this time. The animals were
then transported in a desiccator and weighed on a Mettler Micro Gram-atic
balance to the nearest ug.

The method of sampling limited the fauna which could be sampled
adequately. Adult insects such as leafhoppers and grasshoppers were not
included in data analysis since they were collected so infrequently and
were probably only incidentally associated with the sediment; the only
adult insects included were the Staphylinid beetles which were extremely
small (4 rm), not very mobile and were collected in substantial numbers.

Uca pugilator, the calico-backed fiddler crab, was too mobile to be ade-

quately sampled and although numbers and biomass of those caught were in-
cluded in the tables, they were not included in the calculation of totals

or community diversity measures.

Two species of polychaetes, Heteromastus filiformis and GCapitella

capitata, were abundant but were fragmented by the sieving and preserva-
rion. Since it was not possible to distinguish the two species without
the anterior segments, the posterior fragments could not be jdentified;
the species were therefore identified to family only (Capitellidae) and
were considered as one throughout the data analysis. Counts of individ-
ual Capiteliids were not made for the March and May samples from Drum
Inlet and these two samples were not included when average numbers were
calculated,

Five aspects of community structure were calculated for each sample:
the total number of species, the total number of individuals, the total
biomass, the diversity by number of individuals and the diversity by

hiomass. The diversity index used was the Shannon-Weaver index

10



H" = “gpil“ Ps
where py is the proportion of numbers or biomass the ith species makes
up of the sample total and S is the number of species present. H' is
the maximum likelihood estimator of the true population diversity H'
(Pielou 1966); its use with biomass was explained by Wilhm (1968). The
Shannon-Weaver diversity increases as both the species richness (S) and
the equitability of species abundance (J, see below) increase. For sam-
ples where no animals were present H" was assumed to be 0 since as 350,
piln pi—;O. Average values were calculated for each transect on each date
and transects were compared using an overall F test for each measure.
When more than two transects were compared with the F test, individual
transect pairs were compared using the Least Significant Difference to
test for significance (Steel and Torrie 1960).

Species data were combined and averaged over the entire sampling
period and overall diversity, evenness and faunal affinity were calcu-
lated. Diversity was calculated as for individual samples and evenness,
J, was calculated by

J = n"/n"

max

where H”max is the maximum value H' can take for S species; J is maximum
when all species are equally abundant. Faunal affinity was calculated
using an index developed by Sanders (1960) to measure the relative sim-
ilarity between two samples. The index is calculated by obtaining the
percentage of the total sample represented by each species for each sam-
ple and then summing the smaller percentage for each species. As an ex-
ample, if species A represented 50% of the biomass of sample 1 and 20%
of the biomass of sample 2, then 20% of the total affinity between the
samples would be attributable to species A. Results were expressed in

separate trellis diagrams, one for Drum Inlet and one for Snmow's Cut.

11



Sediment samples for particle size analysis and organic¢ carbon
determination were taker from all areas in September except the Snow's
Cut natural marsh which was sampled in November. Two separate samples

were taken from the spoil plots, one high intertidal and one low inter-

tidal. Samples consisted of three cores (70.9 cm2, 13 cm deep) from each

plot which were later combined in the laboratory. The silt-clay fraction
was determined by wet sieving and this value was then used to correct the
percentages of the sand fractions which were determined by dry sieving
with a graded series of sieves. The sediment was split into six grades
according to the Wentworth scale: very coarse sand (>1.000 mm), coarse
sand (0.500-1.000 mm), medium sand (0.250-0.500 mm), fine sand (0.125-
0.250 mm), very fine sand (0.062-0.125 mm) and silt-clay 0.062 mm).
Sizes were converted to phi notation where @ = 0 when size = 1.000 mm,
1 when size = 0.500 mm, 2 when size = 0.250 mm, 3 when size = 0.125 mm
and 4 when size = 0.062 mm. Median particle size was calculated both in
mm (Md mm) and @ units (Md@). To measure the spread of the particle
sizes the quartile deviation of @ (QD@) was calculated by finding the
diameters of the 257 (Qy58) and 75% (Qy5@) points on the cumulative curve
of sediment size and applying the formula
QDé = (075¢ - QZSG)/2
A small spread between the quartiles indicates a '"well sorted” sediment.
To express the symmetry of the spread about the median, the quartile skew-
ness of @ (Skq@) was calculated as
Sk ¢ = [(Qa5¢ + Qy58)/2] - Mdd

A positive value indicates that the mean of the quartiles is greater than
Md@, a negative value indicates the mean is less than Md@.

A dichromate wet-oxidation technique {Buchanan and Kain 1971) was

used to analyze for organic carbon content. The three cores from each

12



sample were split into six layers {(the top five were 2 cm each and the
bottom layer was 3 ¢m). Corresponding layers from the three replicate
cores were then combined before analysis. Results were in percent organic
carbon and this figure was then converted to organic carbon rn'2 for a
2 cm layer by

Org C rn_2 = % Org C x Sediment Density x 20000
where 20000 is the number of emd in a 1 m? ®x 2 cm layer.

Measurements of sediment temperatures were made from D900-1800 (DST)Y
on L July 1973 at Drum Inlet. The measurements were taken at 3-hour in-
tervals along both the Bare and Planted transects using stations 1, 3,

5 and 7. Readings were taken at 1 cm above the surface (shaded), at the
surface, and 1 cm, 5 em and 10 cm below the surface with a thermistor
probe connected to a YSI Model 46 TUC tele~thermometer. The thermistor
was placed inside a glass pipette so that it could be pushed into the
sediment.

Spartina biomass was determined for each plot at the end of the
growing season. Three 0.25 w2 quadrats were harvested from each plot by
clipping and removing all the aboveground standing material. Two cores
(70.9 cm2, 13 cm deep) were then taken within each quadrat for determin-
ation of belowground hiomass. The sediment was washed from the root ma-

terial which was then dried, as was the grass, at 100°C for two days

before weighing.

13



RESULTS

Sediment Analysis

Particle Size Distribution

Particle size analysis revealed that the dredge spoil at Drum Inlet
was very similar to the natural marsh sediment {(Table 1). Since the
spoil was dredged from Core Banks itself and within 0.5 km of the nat-
ural marsh this similarity was not surprising. 1In general the sediment
at Drum Inlet was well sorted medium to fine sand with little silt or
clay. The relative proportions of sand and silt-clay had not changed
appreciahly since the spoil was deposited. Comparison of the Bare and
Planted sediment showed no apparent differences that could be attributed
to the growth of Spartina.

At Snow's Cut the natural marsh sediment was distinct from the
dredge speil (Table 1). While the spoil was similar to that found at
Drum Inlet, the natural marsh sediment was more poorly sorted and the
median particle size was larger. In addition the natural marsh sediment
had a much higher silt-clay content due to a mud layer which began about
12 em below the surface. Again there was no apparent change in the pro-
portions of sand and silt-clay in the spoil since its deposition but the
Planted plot had a smaller median particle size than the Bare plot,
Within the plots the larger particle size was at the higher elevation.
The Spartina served to trap sediment and the Planted plot had increased
in elevation relative to the Bare plot (Fig. 3b); most of the newly-ac-
creted sediment would have been finer than the spoil and this would have

reduced the overall median particle size. The most likely explanation

14



2170+ €8°0 gee’0 8% 1 £ LT L'e ARAN 6" 7e 6°6¢ 0°¢ Teanjen
6070~ £5°0 ¢e61’0 F T L'E Z°%8 VAR 9° 42 8°'q 270 407
H0 0+ %50 [ATAR 861 8°C 8¢ [ArAY] L'SY €S 1°0 ys31H
poluBTd
00°0 9¢°0 LLd°0 60" ¢ 1°€ % 9 0 9% ANAS 8°9 770 no]
L0070+ €50 8820 8/°1 'Y €°C L71% 2767 9 11 L£°0 Y31
aieqg
In) s,Moug
£0°0-~ AR %T°0 70° ¢ 1°¢ 6L 0" 4% ¥6eE €8 (| A8a1)
00°'0 LS°Q 9%Z 0 ¢c0°¢ 8¢ 8¢ 870% £ 8¢ 676 9'1 [BANIEN
7070~ 8¢°0 0%Z 0 50°¢ 6°% A4 9%y 8 L¢ 678 71 pRellitilasg
200~ 56°'0 €ez'0 L6°1 0°2 L' L% T°0% 6°01 L1 80T
€0 0+ B0 IAYAR S6°1 6°0 8°¢ 9 ¢ex P 0° L ¢'0 y21y
pa3ued
20°0- €60 €520 61 9°¢g £ 7 0% £°6E 11 17} MO
7070~ €< €EC0 71’2 0°2 FAN A 1°¢6 £°8¢ 8% S0 Y31H
aieg
I9TUT wnig
chm pad unr pie PPH Ae1) sut autja ‘Pl 9S1RO) B5i1®BO) UOT3EI0T]
-37T8 A1BA Alap

uoT31oBI] puBS ¥,

"§B9I8 Apn31s 8y3 10J STsAeue 3zTS DoT31Ed juawi pag

‘T 2I9EL

15



for the difference with elevation is that the finer particles were being
winnowed out of the sediment at higher elevations and either carried away

entirely or deposited at lower elevations.

Organic Carbon Content

At both Drum Inlet and Snow's Cut the high intertidal sediment had
less organic carbon than the low intertidal sediment (Fig. &4, 5). This
was expected since both benthic algal and Spartina production are greater
in the low marsh than in the high marsh (Pomeroy 1959; Teal 1962). Addi-
tionally, differences among the Bare, Planted and Fertilized plots within
each area were slight and inconsistent suggesting that it was the benthic
algae and not the Spartina which had the greatest effect on the incorpo-
ration of crganic carbon into the sediment.

There was, however, a major difference between the natural marsh
of the two study areas in the distribution of organic carbon with depth.
Although both natural marshes had similar concentrations in the top 4 cm,
below that point there was a logarithmic decrease at Drum Inlet and a
logarithmic increase at Snow's Cut. The similarity in surface values
suggests that the same surface source was active for both lvcations; it
is likely that this source was a combination of benthic algae and Spar-
tina detritus. The difference in distribution in the deeper sediments
was probably due to the organic-rich mud layer, found in rhe Snow's Cut
marsh but not at Drum Inlet, overwhelming the amount of organic carbon
coming from the surface.

In order to further quantify the variation of organic carbon with
depth at Drum Inlet the relation was expressed as

10g10[0rg C] = logigk + B 1og10Depth

16
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where [Org C] is rhe concentration of organic carbon in g m'2, k is the
hypothetical organic carbon concentration at the surface, and B is the
extinction coefficient. Values of B were calculated for each low inter-

tidal sample at Drum Tnlet: Bare, B = =0.776 (r? = 0.93); Planted,

-1.037 (r2 = 0.83); natural,

B 0.93); Fertilized, B

-1.199 (r?

-1 would indicate that the organ-

]
I

B 0.99). A value of B

-0.954 (r°
ic carbon concentration was inversely related to depth. The test for
homogeneity of regression (Steel and Torrie 1960} showed that the values
of B were not significantly different; this similarity supports the
hypothesis that identical processes were causing the organic carbon
distribution in all four plots at Drum Inlet., The only variable appeared
to be the concentration of organic carbon at the surface; the presence

of Spartina was not a factor.

It was necessary to assume some initial value of organic carbon at
the time of spoil deposition so that changes after that time could be
quantified. Tt is unlikely that the initial value was O and instead
the average concentration of the deeper layers of the high marsh samples
was taken as an initial value. It was shown above that the main input
of organic carbon was from the surface; the deeper layers were more like-
ly to represent the initial concentration. These values varied little
with depth below 8 cm and were approximately the same for both the Fare
and Planted plots within each area (Fig. &, 5). The assumed initial
values were 12.2 g C rn-2 for Drum Inlet and 23.6 g C m'2 for Snow's Cut,
No corrections were made for the presence of animals in the samples since
they generally accounted for less than 1 g C n”2,

Ry subtracting the assumed initial values of organic carbon and
summing over the entire depth of the samples, the following values were

caleulated for the amount of organic carbon incorporated in the spoil
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since deposition for the low areas of the plots: DI Bare, 106.7 g m'2;

2 2

DT Planted, 116.0 g m~2; D1 Fertilized, 129.1 g m™“; SC Bare, 77.0 g m °;
SC Planted, 90.8 g m'z. Organic carbon present in the samples from the
natural marsh at Drum Inlet and Snow's Cut was 362.7 g m_2 and
2049.5 g m'2, respectively.

Teal and Kanwisher (1961) found an average of 9.13% organic matter
in a Georgia salt marsh, Chabreck (1972) reported an average of 12.32%
organic carbon in Louisiana Spartina maxsh, and Gray and Bunce (1972)
reported an average of 8.4% loss on ignition from marsh sediments of
Morecambe Ray, U, K. To facilitate comparison these values were conver-
ted to organic carbon where necessary by multiplying by a factor of 0.5
(Maciolek 1962) and expressed on a m2 basis for a 13 cm layer by using
a sediment density of 1.55 g em™3 (the average value for the Drum Inlet
and Snow's Cut sediments). The converted values for these three studies
2

were, respectively, 9200 g C m™2, 24800 g C m™° and 8500 g C m . The

low values in the present study may have been due to the low percentage
of silt-clay in the sediment; Wolff (1973) found a positive correlation
between the percent organic matter and decreasing median grain size in
sediments from the Delta area of the Netherlands and all of the above
values were from sediments with over 207 silt-clay.

Since the spoil at Drum Inlet and Snow's Cut was deposited 16 and
30 months, respectively, before the samples were taken, it was possgible
to calculate the net rate of incorporation of organic carbon into the
sediment: DI Bare, 80.1 g m2 yr-l; DI Planted, 87.0 g ™2 yr-l; D1 Fer-
tilized, 96.8 g n=2 yrnl; SC Bare, 30.8 g 02 yr-l; SC Planted,
36.3 g n2 yr-l.

For a gross annual preduction of 200 g C m“2 by benthic algae

Pomeroy {1959) estimated the total annual respiration of the sediment
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community (including the benthic algae) to be 100 g C m_z. From these

figures the net organic carbon incorporated into the sediment due to

the benthic algae was 100 g C m™2 yr-l. Loss due to tidal action washing
out surface particles and loss to herbivores not considered as part of
the sediment community would tend to reduce this figure and it is quite
similar to the values calculated for the Drum Inlet plets. The low

rates for the Snow's Cut plots may have been due to a low rate of benthic
algal production or dilution of a comparable production by the rapid

accretion of new sediment.

Finally, by making the assumptions that the natural marsh has reached
a steady state where the organic carbon concentration is neither increasing
nor decreasing and that the rate of incorporation of organic carbon into
the sediment will remain constant as the spoil plots age, we can estimate
the time it will take the spoil marshes to reach concentrations of organic
carbon comparable to those of the natural marsh. These times were esti-
mated to be 4.5 years for the Drum Inlet Bare plot, 4.2 years for the
Planted plot and 3.7 years for the Fertilized plot from the time of
deposition.

The same calculations may be made for the Snow's Cut spoil plots
although the presence of the underlying mud layer in the natural marsh
makes the assumption of steady state gquestionable. The estimated times
to maturity for the Snow's Cut spoil plots were 26,6 years for the Bare

plot and 22.6 years for the Planted plot.

Sediment Temperature

At all depths in the sediment and in the air 1 ecm above the sedi-

ment all temperatures recorded from station 5 at brum Inlet on 1 July 1973
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were higher in the Planted plot than in the Bare plot (Table 2)., There
were no clouds present and insolation was probably near its maximum val-
ve for the year. The difference in temperature was maintained throughout
the day and readings similar to these were found at the other stations
followed throughout the day. Pomeroy (1959) found the same temperature
difference between bare areas of a Georgia marsh and areas where dense
stands of Spartina were growing and attributed it to a combination of
greenhouse effect and reduced evaporation of water from the sediments.
The maximum surface temperatures he recorded were about 36° and 40°C,

respectively, similar to those from Drum Inlet.

Spartina Biomass

The aboveground hiomass of Spartina in the spoil plots approached
or surpassed that of the natural marsh at both Drum Inlet and Snow's Cut
(Table 3) but the belowgrcund biomass was less than half that of the
natural marsh in both areas. Values of Spartina biomass in both areas
were typical for southern marshes. The aboveground biomass fell within
the range reported by Stroud and Cooper (1968) of 259-1320 g m"2 and by
Williams and Murdoch (1966) of 250-2100 g m"2 for other North Carolina

2 for the belowground

marshes. GCallagher (1974) found values of 4130 g m”
biomass in areas of medium Spartina in a Georgia marsh but his samples
were 15 cm deep. Assuming distribution was uniform to the 15 cm depth,

the top 13 cm would have had 3580 g m-'2 and that value is within the

range of values found in this study for the natural marshes.
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Table 2. Sediment temperatures (°C) from station 5 at
prum Inlet on 1 July 1973; time is DST.

Time (hr)
Plot Depth 0900 1200 1500 1800
Bare Air (+1 cm) 31.6 35.2 32.3 28.0
Planted " 32.7 35.6 32.7 29.3
Bare Surface (0 cm) 31.6 36.9 35.4 29.2
Planted " 33.5 37.7 36.0 29.9
Bare -1 cm 31.2 36.8 35.6 29.6
Planted " 33.0 37.5 36.4% 30.1
Bare -5 cm 29.4 35.3 35.2 30.9
Planted " 30.8 35.9 36.1 31.1
Bare -10 cm 27.6 32.4 33.7 31.3
Planted " 28.6 33.1 34,5 31.7
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Table 3. Standing crop of Spartina alterniflora in
the study plots.

Biomass (g m-z)

Location Aboveground Belowground Date
Drum Inlet
Bare -- -- -
Planted 709.3 605.0 11 Sept.
Fertilized 1650.0 1348.1 11 Sept.
Natural 1056.1 3169.6 12 Sept.
Snow's Cut
Bare -- -— -
Planted 953.3 2388.4 18 Sept.
Natural 637. 4966.0 26 Nov.




Faunal Analysis

All of the transects except the Drum Inlet Fertilized and the Snow's
Cut natural were divided into two sections: an upper section made up of
what were considered the 'marsh' stations, and a lower section made up of
the "creek' stations (Tables &4, 5). This was done after preliminary
analysis of the data revealed an obvious change in total faunal biomass
per sample between stations 2 and 3 at Drum Inlet and between stations
1 and 2 at Snow's Cut (Fig. 6). The change in biomass corresponded in
each area to the true boundary of the Spartina marsh, the lower limit of
Spartina growth. The 'creek' at Drum Inlet was a true tidal creek while

at Snow's Cut the '"creek' was actually the Cape Fear River estuary (Fig. 2).

Drum Inlet

The trellis diagram for faunal affinity (Fig. 7) indicates that
two main assemblages were present. One assemblage was made up of the
creek stations and the natural marsh and the othexr was made up of the
Bare and Planted spoil marsh. The Fertilized marsh did not seem to fit
into either of these groupings but was closer to the other spoil plots
than to the natural marsh, The dominant fauna of the creek-natural

assemblage were polychaetes, Laeonereis culveri and the Capitellidae.

Together they accounted for about BO7 of the biomass of the-three creek
transects and about 60% of the natural marsh; in the Bare and Planted
spoil marsh they were only about 36% of the biomass. The Bare and Plan-
ted marsh fauna was predominantly insect larvae which made up 56-637, of
the biomass, as opposed to 7% for the natural marsh and less than 17

for the creek stations. The high faunal affinity between the Bare and
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Figure 7. Trellis diagram of index of affinity
between plots at Drum Inlet; letters
represent plots: B (Bare), P (Plant-
ed), F (Fertilized), N (natural).
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planted plots indicated that the growth of the Spartina had not had a
noticeable effect on the macrofauna. In the Fertilized marsh the two
polychaetes accounted for 15% of the biomass while insect larvae made
up 83%.

Teal (1962) and Wall (1973) listed species they found in salt
marshes in Georgia and Massachusetts, respectively, and since most of
the species collected in this study were included in their lists it was
possible to classify the species into those normally occurring in salt
marsh and those normally occurring in other habitats. 'Marsh'' species
accounted for 14 of the 16 species found in the natural marsh {including

Uca pugilator) and over 997 of the biomass. The natural marsh had eight

species in common with the planted spoil (both the Planted and Fertilized
plots) and those species made up 67% of the total natural marsh biomass
and 94% of the Planted spoil biomass. Half the species found in the
natural marsh had already colonized the spoil marsh and they were rel-
atively more successful there than in the natural marsh; presumably

this was due to the lack of competitionm from the eight other marsh species
which had been unable to colonize the spoil.

Differences between the Bare and planted plets in the average num=
ber of individuals per sample were apparent but the biomass remained sim-
ilar throughout the summer (Fig. 8). Both plots had their greatest
biomass in May due to a spring peak in the insect larval biomass (Fig. 9);
by the end of June 90% of the insect larval biomass was gone due to the
emergence of the adults. Although there was no gignificant difference
between the plots for this peak biomass, the number of individuals was
much greater in the Bare plot (P<0.05). One ingect family, the Ephydri-
dae (brine flies), was responsible for this difference: while the average

number of individuals present at stations &4, 5 and 6 of the Bare plot
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2 at the ceorresponding stations

was 11200 m'z, there were only 1200 m~
of the Planted plot. The August samples again showed that the Bare

plot had a greater number of individuals (P< 0.05); this was due

chiefly to an abundance of Staphylinidae (rove beetles) in concentrations

2 for the Planted plot. In Oc¢-

averaging 480 m"z, compared with 140 m~
tober the Bare plot had significantly greater biomass and more individ-
uals (P< 0.05); this difference could be attributed to the distribution

2

of the Capitellidae, 780 m™“ with a biomass of 0.624 g m_2 in the Bare

2 yith a biomass of 0.147 g m-2 in the Planted plot.

plot and only 210 m~
On an overall basis, for the entire sampling period, there was no sig=-
nificant difference in biomass between the two plots; the Bare plot did
appear to have a greater number of individuals but due to the spring
peak there was a highly significant Transect x Date interaction (Table 6).
The Spartina had no apparent effect on the total biomass of the spoil
plets.

The August sampling of the Fertilized plot revealed a greater
Liomass than for either of the other spoil plots (P<0.05) and a larger
number of individuals than the Planted plet (P<0.05). This difference
was due to the presence of large numbers of Stratiomyid (soldier £ly)
larvae, averaging 188 m™? with a biomass of 0.684 g m-2; in contrast
no Stratiomyidae were ever found in the other spoil plots. TFor compar-
ison rhe natural marsh had a peak Stratiomyid biomass of 0.437 g m-2 at
the end of June but that figure had dropped to 0.038 g m-2 in August.
Adult mosquitoces were not present during the day in any of the other
areas sampled but in the Fertilized plot they were extremely abundant,
suggesting that the dense growth of Spartina (see Table 3) reduced evap-

oration and kept humidity fairly high in the plot and this may have en-

couraged the growth of the Stratiomyidae; the fact that mosquitoes were
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Table 6. Analysis of variance for faunal measures of the Bare
and Planted marsh at Drum Inlet.

Tnteraction
Transect Date (T x D)
¥ values F values F values
Numbers 19.40 7% 13.21 %% 7 .64 Fwk
Biomass 0.24 3.17 * 0.46
No. of Species 3,89 3.61 0.79
H" (Numbers) 1.33 2.83 * 1.65
H"(Biomass) 2.73 3.77 ** 1.11

* Significant at the 95% level
#% Significant at the 997, level

#x%% Significant at the 99.9% level
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not observed in the natural marsh indicated that the natural density of
Spartina was not high enough to affect evaporation to this degree.

The natural marsh had a greater number of individuals and a higher
biomass than the spoil plots at the end of June (P<0.01) but by the end
of the sampling period these differences had disappeared. The June big-
mass was about nine times that of the peak biomass of the spoil plots,
which nad occurred in May, and about 50 times the June spoil biomass.

On an overall basis (Table 7) the natural marsh seemed to have signif-
icantly more individuals and a higher biomass than the spoil plots, but
there was a significant Transect x Date interaction in each case. The
interaction was due to the drop in both measures which occurred between
the end of June and the middle of August (Fig. 8)

Tn order to estimate and compare the production of the spoil plots
with that of the natural marsh it was necessary to make several assump-
tions. The Bare and Planted plots both had a generation of insect larvae
and for that generation annual production was assumed to be equal to the
peak standing stock, 1.0l and 0.89 g m“z, respectively. The average
standing stock for the rest of the invertebrates was 0.21 g m-2 for the
Bare plot and 0.15 g 2% for the Planted plot. Previous authors have
estimated annual production by assuming it to be twice the average
standing stock (Sanders 1956; Gerlach 1971; Day et al. 1973). Using
this factor to estimate production of the other macroinvertebrates and
adding in the insect larval production already calculated gives an esti-
mated annual production of about 1.4 g m~2 for the Bare plot and 1.2 g m~2

for the Planted plot. Tn the same way the natural marsh annual production

2

can be estimated from the peak insect larval biomass of 0.64 g m “ and

the average standing stock of the other macroinvertebrates, 3.57 g m"z,

-

and was about 7.7 g mdz. Winter biomass of annelids and insect larvae
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Table 7. Analysis of variance for faunal measures of the
Bare, Planted and natural marsh at Drum Inlet.

Interaction
Transect Date (T x D)
F values F walues F values
Numbers 35.67 ¥k .45 *% 27.50 H*k
Biomass 34 .92 wkk 10.82 4% 19,88 k%
No. of Species 10.13 #%** 3,12 5.04 **%
H" (Numbers) 8,45 ** 6.31 #* 3.77 *
H''(Biomass) 6.41 ** 5.50 %% 2.83 =

¥ Significant at the 957 level
*% Significant at the 99% level

#*%% Significant at the 99.9% level
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may approach 1.7 times the summer biomass in Georgia marshes (Teal 1962);
this suggests that the production estimates may be too low since no win-
ter samples were taken in this study.

In addirion to the functional attributes measured by the number
of individuals and the biomass, a community also possesses certain
structural attributes which may be expressed by various diversity indices.
The average mumber of species per sample, the sample diversity computed
with numbers of individuals [H"(Numbers)], and the sample diversity com-
puted with biomass [H”(Biomass)] were followed throughout the sampling
period for all the transects (Fig. 8). There were no significant dif-
ferences between the Bare and Planted plots for any of the months sam-
pled and there were no overall differences either (Table 6) showing that
the Spartina had not yet affected the community structure. As was the
case with numbers and biomass, the natural marsh was significantly
greater than either of the spoil marshes in all the structural attributes
that were measured in the June samples [P<:0.05 for H'"(Biomass), P<0.01
for the other measures], but by August the differences were gone.
H"(Biomass) was greater in the natural marsh than in the spoil marshes
in October (P< 0.053) but the other measures were not significantly dif«
ferent. On an overall hasis the natural marsh appeared to be signifi-
cantly different from the spoil marshes in all three of these measures;
however, due to the decrease in all three measures between June and
August significant Transect x Date interactions were present (Table 7).
Tt appears then that in June, when biomass was at its peak, the mnatural
marsh was a more diverse community with more niches occupied than for
either the Bare or Planted spoil plots.

In addition to sample diversities, overall diversity and evenness

were computed for each plot from the data of Table 4. These values,

42



presented in Table 8, take into account not only the variation over

space in the community structure (the sample diversity) but also the
variation over time. Thus an area with an extreme seasonal peak in one
gpecies or group may have a low overall diversity or evenness even though
values for both measures were high during the rest of the year.

There was a definite difference in diversity between the creek and
marsh stations with the marsh stations generally having more species and
higher values of evenness and thus higher values of H" (Table 8). Within
the creek stations the natural creek had only about half as many species
as the others but the greater evenness among the species caused the di-
versity to be about the same. Eight species were present in the Bare and
Planted creek samples but not in the natural creek samples; however, five
of the species were no longer present in June when natural creek sampling
began and the remaining three were relatively unimportant, accounting
for less than 1% of the Bare and Planted creek biomass. Since the creek
was common to all three plots, the free tidal circulation was expected
to obscure any plot effects, making the creek stations a control for the
sampling method; the similarity of the creek samples tended to validate
the sampling.

Within the marsh stations the Bare and Planted plots had similar
values for H''(Biomass) and differed from the natural marsh but H"{Numbers)
showed a similarity between the Planted plot and the natural marsh (Table
8). Wilhm (1968} pointed out that H"(Biomass) is a much better approx-
imation than H'(Numbers) of the ideal diversity index which would use
energy units as a basis for caleulation. Although sampled over a shorter
period of time than the spoil area the natural marsh still had more spe-
cies than any of the spoil plots and given an equally long sampling pe-

riod the total probably would have been higher. Evenness values were
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generally similar for all the plots indicating that the spring insect
larval peak in the spoil marshes had little effect. The Tertilized plot
had the highest value of H' (Numbers) and the lowest value of H'"(Biomass);
this was because the dominant fauna, the Stratiomyidae, made up 60% of
the biomass but only 18% of the individuals. GCenerally the results indi-
cate that the natural marsh had a higher number of niches occupied over

a longer period of time tharn the spoil marshes.

Snow's Cut

Three faunal assemblages were present at Snow's Cut (Fig. 10).
The first was made up of the creek stations and the Bare marsh, the sec~
ond was the Planted marsh and the third was the natural marsh. Just as
at Drum Inlet the natural marsh was more closely related to the creek
stations than to the Planted gpoil. The dominant fauna of the creek-Bare
marsh assemblage were the polychaetes Laeonereis and the Capitellidae
which together accounted for 93% of the creek biomass and 93% of the Bare
marsh biomass; they accounted for only 19% of the natural marsh biomass
and 57 of the Planted marsh biomass. The Planted plot fauna consisted

mainly of three species -- the amphipods Lepidactylus dytiscus and Gammarus

palustris, and the Dolichopodidae (long-legged flies) -=- which together

made up 85% of the biomass. Tour species were dominant in the natural

marsh -- the polychaetes Laeonereis and Nereis succinea, the isopod Cya-

thura polita, and the ribbed mussel Arcuatula (=Modiolus) demissa; they

accounted for 937 of the total faunal biomass.
At Drum Inlet the Bare and Planted plots had a high affinity
(Fig. 7) hut at Snow's Cut the affinity was ornly 3% (Fig. 10). The rea-

son for the low affinity was the complete absence of Laeonereis, the
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dominant species in the Bare marsh, from the Planted marsh. Laeonereis
is most common "in sandy shoals at moderately low to very low water
lines' (Hartman 1945); since the sediment of both plots was similar
(Table 1) it appears to have been the difference in elevation between

the two plots (Fig. 3b) that was significant in preventing Laeonereis
from colonizing the Planted marsh as well as the Rare. Therefore the
Spartina had a major, if indirect, effect on the fauna of the spoil plots
by causing rapid sediment accretion in the Planted plot with a consequent
increase in elevation.

Using the lists of Teal (1962) and Wall (1973) to classify the
species, the natural marsh had 10 "marsh" species out of its total of 12
(including Uca) and the Planted marsh had 11 "marsh' species out of 12
total (also including Uca). However, on a biomass basis the ''marsh"” spe-
cies made up over 99% of the natural marsh fauna but only 437 of rhe Plan-
ted marsh fauna. Evidently conditions were not yet favorable in the Plan-
ted plot for most of the natural marsh species.

In contrast te Drum Inlet the Bare and Planted marsh plots were
consistently different in the number of individuals and total biomass
present throughout the sampling period (Fig. 11). The Bare plot had
significantly greater biomass in May (P< 0.05), July (P<0.01), September
(P< 0.05) and November (P< 0.001); numbexrs were significantly higher in
May, September and November (P< 0.05). There appears to have been a
peak in insect larval biomass in the Planted marsh in May (Fig, 12) but
sampling was initiated too late in the year to be certain; in the May
sample insect larvae made up about 837 of the total biomass but by July
that figure had fallen to B%. Most of the difference in numbers and bio-
mass between the spoil plots was due to the difference in the population

size of Laconereis. The increase in numbers in the Bare plot in November
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was due to the collection of large numbers of juvenile Laeonereis, up to
8700 m'z; these were probably the offspring from the spring spawning

that had reached a size sufficient to be retained on the 1 mm sieve., An
overall comparison of the two plots showed that the differences in numbers
and biomass were highly significant (Table 9).

The November sampling of the natural marsh revealed a higher number
of individuals than either of the spoil plots (P<0.01) and a preater
biomass than the Planted plot (P< 0.01) (Table 10); the Bare plot had a
greater biomass than the natural marsh (P< 0.01). The high number of
individuals was due to the large number of juvenile Cyathura that were
present, as many as 21200 m‘z. No juvenile Cyathura were ever observed
in the spoil plots during the course of this study.

Macrofaunal production was estimated in the same way as for Drum
Inlet. Average biomass of the non-insect macrofauna for the Bare and
Planted marsh plots was 6.85 and 0.17 g m'z, respectively, and the peak
standing stocks of insect larvae were 0.09 g m"2 for the Rare plot and
0.13 g m-¢ for the Planted plot. Together these values give an annual
macrofaunal production of 13.8 g m-2 for the Bare plet and 0.5 g m'2 for
the Planted plot. Assuming the November biomass for the natural marsh
was close to the yearly average, production there was 5.7 g m"2 yr'l.

From these estimates it appears that the Bare marsh production was
about 2.5 rimes that of the natural marsh and about 25 times that of the
Planted marsh. The latter ratio is undoubtedly much too high; the peak
biomass of insect larvae was not known for all the plots and since the
percentage of insect larvae was greatest in the Planted plot, the relative
underestimate of production probably was greatest there also. Again there
was 4 systematic error introduced by the lack of winter sampling.

Differences in the structural community measures were present but
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Table 9. Analysis of variance for faunal measures of the Bare
and Planted marsh at Snow's Cut.

Interaction

Transect Date (T x D)

F values F values F values
Numbers 14,58 «&% 3.03 * 1.90
Biomass 54,45 ¥ 1.54 0.23
No. of Species 16.24 #** 2.26 1.97
H'(Numbers) 5.34 % 1.92 2.64
H"(Biomass) 0.66 3.08 = 3.37 *

* Significant at the 95% level
%% Significant at the 99% level

#%% Significant at the 99.9% level
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Table 10. Analysis of variance
for faunal measures for
the November sampling
of the Bare, Planted
and natural marsh at

Snow's Cut,

Transect
F values

Numbers
Biomass

Ne. of Species
H" (Numbers)

H"(Biomass)

25,10 ##x
25.30 ##x
3.51
2,47

2.16

% gignificant at the 99.9% level
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minor (Fig. 11). The only significant differences in the gamples were
in May when the Bare plot had higher values for all three measures
(P<0.05) but a significant Transect x Station interaction was present
for the number of species per sample; this interaction resulted because
no animals at all were present in the cores taken from the middle level
(3) of the Planted marsh., An overall comparison, however, revealed that
the Bare plot had significantly more species per sample and significantly
higher values of J1"(Numbers) (Table 9). There were no significant dif-
ferences between the three structural measures for the November sampling
of the natural marsh and spoil plots (Table 10).

The September Planted marsh samples showed an apparent drop in all
the community attributes measured (Fig. 11) but this decrease was mnot
significant for numbers and biomass. Four species were present in both

the July and November samples but absent in September -~ Gammarus, the

isopod Cassinidea lunifrons, the oligochaete Enchytraeus albidus, and the

Tendipedidae (midges); the only animals present in September were Lepi-
dactylus and the Dolichopodidae. There was evidence that a severe storm
had occurred since the July sampling; several large logs had been carried
to the uppermost limit of the marsh resulting in some damage to the Spar-
tina. The storm and its accompanying wave damage may have been the rea-
son that only a small number of species were present. No significant
effect on the fauna of the Bare plot was observed and this may have been
because its lower elevation protected it from most of the wave damage
which would have occurred during the high water level accompanying the
storm,

The calculated values of overall hiomass diversity (Table 11) show
that the Planted plot and the natural marsh were more similar to each

other than to the Eare marsh, in contrast to Drum Inlet where the two
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spoil plots were quite similar. 1" (Biomass) and H''(Numbers) differed
greatly in the natural marsh where the large number of juvenile Cyathura
made up 947 of the total numbers but only 31% of the biomass. This
caused an extreme difference in the evenness and shows the correlation

of H" with J since S, the number of species, did not change {see DeBene-
dictis 1973). The creek stations had similar values for the indices and
were intermediate between the Bare plot and the Planted plot and natural
marsh values. The difference in H'"(Numbers) and H''(Biomass) was due
largely to Laeonereis which made up about 687 of the biomass of the creek
samples but ounly 37% of the numbers.

Tt should be pointed out that the natural marsh was sampled only
once, late in the fall, while the spoil marshes were sampled four times
during late spring, summer and fall. This suggests that the overall di-
versity might have been underestimated since the total number of species
found almost certainly would have been greater had samples been taken

earlier in the year along with the spoil marsh samples.
Comparison with Other Studies

Comparison of this study with previous studies on salt marshes in-
dicates that there may be less macrofaunal production in more northerly
marshes. Production of polychaetes, mussels and snails in Louisiana was
estimated as 26.6 g m—2 yr'l by using twice the average standing stock
(Day et al. 1973), while production of anmelids and insect larvae, mus-
sels and snails in Ceorgia was estimated to be about 7.6 g m“z yr'l [Teal
1962; to facilitate comparison with this study Teal's data were converted
from kcal te dry weight using an average factor of 4.5 kcal per g decal-

cified dry weight for mussels, snails and polychaetes (Cummins and Wuycheck
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1971)]. The estimated natural marsh production fom this study,

5.7 g n2 yr-l at Snow's Cut and 7.7 g rn-2 yr_l at Drum Inlet, was less
than or about the same as that reported for Georgia and much less than
that reported for Louisiana,

There was a significant lack of mussels and snails in the natural
marshes of this study when compared with the Georgia and Louisiana marshes.
Snails and mussels accounted for about 75 times as much production as the
polychaetes in the Louisiana marsh (Day et al. 1973) and about three
times as much production in the Georgia marsh (Teal 1962). In contrast,
at Drum Inlet production of mussels and snails was less than one third
that of the polychaetes and insect larvae and at Snow's Cut they accounted
for less than half as much production. Of the two snails most common in

southern marshes, Littorina irrorata and Melampus bidentatus, only one

individual was found in either of the marshes investigated in this study.
Their absence at Drum Inlet was quite unexpected simce in a preliminary
survey of the natural marsh in the fall of 1972 both species were common;
violent winter storms may be responsible for large year-to-year variations
in the epifaunal populations there. The absence of the snails at Snow's
Cut was probably due to the low salinity; both species are found in

upper meschaline or higher salinity (Wass et al. 1972} and Snow's Cut

was lower mesohaline. Where salinity was higher, nearer the mouth of the
Cape Fear River estuary (Copeland, Birkhead and Hodseon 1974), both species
were present (Seneca et al. 1974). TFor both study areas, then, the in-
fauna were probably the major compornent of the macrofauna, in contrast

to the other marshes which have been studied.
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DISCUSSION

The biological monitoring of the two areas revealed that two dif-
ferent patterns of faunal development were oceurring. At Drum Tnlet the
Bare and Planted plots were generally quite similar in all the community
measures and seemed equally different from the natural marsh; at Snow's
Cut, on the other hand, the Bare and Planted plots differed greatly in a
number of aspects, the most obvious being biomass and overall diversity,
and the Bare marsh fauna resembled the natural fauna morxe than the Planted
fauna. At Drum Inlet most of the Planted marsh biomass was made up of
species also found in the natural marsh: at Snow's Cut less than half the
planted marsh biomass was accounted for by species found in the natural
marsh. Thus, there are three general ohservations to be accounted for:

1) There were only minor differences between the Bare and Planted

plots at Drum Inlet,

2) There were major differences between the Bare and Planted plots

at Snow's Cut, and

3) Even though it had been developing for a shorter period of time,

the Planted spoil marsh fauna at Drum Inlet had a greater re-
semblence to the natural marsh fauna than did the Planted spoil
fauna at Snow's Cut.

Several generalizations have been proposed for the changes occur-
ring during succession in ecosystems (Margalef 1968); among these was an
increase in diversity, leading to a reduction in the community resgponse
to external envirommental fluctuations. The stability~-time hypothesis
of Sanders (1968) encompassed much the same concept (Johnson 1970). He
presented the idea Lhat two types of abstract communities are present:

the "physically controlled communit " where most adaptation is to the
: ¥ p
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physical environment and diversity is low, and the "biologically accomo-
dated community", where the physical environment is relatively stable

and biological adaptation and hence diversity are high; these communities
correspond to the immature and mature grades of Margalef's succession

and most communities in nature fall somewhere between these extremes
(Johnson 1970). Succession proceeds toward a biologically accomodated
community under the local environmental conditions as it becomes possible
for species associated with higher grade communities to colonize; thus
the more eurytopic species will be low in the order of succession while
the more stenotopic species will be relatively high in the order of suc-
cession. It will then be the stress produced by the physical environment
on the higher grade species that limits the rate of succession. The fauna
of a "new" environment similar to the surrounding environment would be
expected to proceed toward biological accomodation more quickly than that
of a "new" enviromment differing from the surrounding enviromment and the
degree of similarity should determine the rate of succession.

The relative difference in elevation between the spoil plots can
thus be employved to explain the first two general observations. The
other factors of the macrofaunal environment which were measured were
either similar for both the Bare and Planted plots at both study areas
(sediment organic content and particle size) or differed to about the
same degree between the spoil plots at both areas (aboveground and below-
ground Spartina biomass). Only by taking the differences in elevation
into account can the faunal differences be explained. At Drum Inlert,
where sedimentation was low and no elevation difference developed be-
tween the spoil plots, the fauna of the Bare and Planted spoil plots were
gimilar; at Snow's Cut, where sedimentation was high and a significant

difference in elevation developed between the spoil plots, the fauna of
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the Bare and Planted plots were dissimilar. It is a well-known fact
that elevation has a profound effect on intertidal faunal communities;
for example, the diversity of the fauna of a sandy beach has been shown
to decrease with increasing elevation (Johnson 1970}.

The difference in the relative maturity of the Planted spoil marsh
in the two areas can be explained by the composition of the sediment.
Species distributions are known fto correlate with sediment particle size
(Johnson 1971; Wolff 1973) but no such relationship has been found for
sediment organic content {Tietjen 1969; Wolff 1973). At Snow's Cut the
spoil had a smaller median particle size than the natural marsh sediment
and this difference probably prevented some of the natural marsh species
from colonizing the spoil. Elevation may also have had an effect since
the natural marsh had a higher faunal affinity for the lower elevations
of the Planted spoil. At Drum Inlet, though, the median particle size
of the spoil was virtually identical to that of the natural marsh sedi-
ment and this similarity would have lessened the stress on natural marsh
species attempting to colonize the spoil, allowing succession of higher
grade species CO OCCUT SOONEr than at Snow's Cut.

The natural marshes of the two study areas may also have differed
in relative maturity. The natural marsh at Snow's Cut appeared to be
stable and fairly old. Snow's Cut was constructed by the Corps of Engi-
neers in 1931 and the resulting spoil was deposited on the river bank;
the present sediment consists of a 12-cm layer of muddy sand on top of
a layer of mud suggesting that the marsh may have been created at that
time. Since 1931 natural accretion has been occurring from the river-
borne sediment. At Drum Inlet the natural marsh was fairly unstable;
the main source of sediment for marshes on the Outer Banks is overwash

material from the ocean side of the island (Godfrey and Godirey 1974)
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and storms can frequently deposit large amounts of sand on the marshes.
This type of intermittent, irregular stress tends to keep a community at
a less mature stage than if the environment were stable or the stress
followed a regular pattern (such as tidal flow) and thus tends to keep
diversity low (Slebodkin and Sanders 1969). This leads to the prediction
that the overall diversity of the natural marsh at Drum Inlet should be
lower than the diversity of the natural marsh at Snow's Cut. 1In fact,
though, H"(Biomass) was virtually identical at both areas. However,
there area two additional considerations: 1) as previously stated the
overall diversity of the natural marsh at Snow's Cut was probably under-
estimated, and 2) diversity of marine species generally decreases from
the mouth of an estuary toward fresh water with a zone of minimum diver-
sity occurring where the transition from marine to fresh water is most
rapid (Carriker 1967). Taking these considerations into account it is
quite possible that the diversity of the Snow's Cut marsh was actually
much higher relative to the diversity of nearby enviromments than was
the diversity at Drum Inlet; for comparable environments higher diversi-
ties would be expected near Drum Inlet than near Snow's Cut so although
the diversities of the natural marshes were similar the Snow's Cut value
represented a more mature stage of development. A developing marsh at
Drum Inlet could have had relatively more low grade species in proportion
to the toral available species pool than at Snow's Cut and still have had
a greater resemblence to the natural marsh fauna since the natural marsh
also would have had a higher proportion of low grade species than at
Snow's Cut.

The minimum order of time for the majority of salt marshes to reach
maturity may be about 100 years if maturity is defined as the point where

settlement balances accretion and no net change in elevation can occur

60



(Ranwell 1972). This time may be less for areas such as the spoil plots
where sediment is already above the lower limit of growth of vegetation,
as little as 10 years (Ranwell 1972) or a few decades (Redfield 1972});

it seems likely that the development of the spoil marshes will be at
least this rapid. However, in order for the fauna of the spoil areas

to become a true marsh fauna not only must the elevation of the marsh
have stabilized but the sediment must also become identical with that

of natural marsh. In the case of the Drum Inlet spoil plots the sediment
was virtually identical to natural marsh sediment at the time of sampling;
at Snow's Cut, though, a difference was apparent between the two sediment
types and before a true marsh fauna can develop, the sediment will have

to develop into the characteristic marsh sediment of that area.
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SUMMARY

1. Sampling of two artificially established Spartina marshes, one near
Drum Inlet and one near Snow's Cut, N. C., was carried out from March

to November 1973.

2. Based on the net rate of incorporation of organic carbon into the
sediment it will take from 3.7-4.5 years from the time of deposition for
the sediment of the Drum Inlet spoil marsh to reach the level of organic
carbon concentration of the natural marsh; the corresponding time at
Snow's Cut will be from 22.6-26.6 years. The major source of organic
carbon to the spoil is probably the benthic algae since the rate was sim-

ilar for both the Bare and Planted plots.

3. A positive correlation between the difference in elevation between
the Rare and Planted plots and the difference between their invertebrate
macrofauna was found. At Drum Inlet, where elevational difference be-
tween the plots was slight, the faunal communities were qualitatively
and quantitatively similar. At Snew's Cut, where the difference in ele-

vation was large, the faunal communities were dissimilar.

4. The greater difference in elevation between the plots at Snow's Cut

was probably due to the high sedimentation rate there.

5. Even though it had been developing for a shorter period of time, the
Planted spoil fauna at Drum Inlet had a greater resemblance to the natural
marsh fauna than did the Planted spoil fauna at Snow's Cut. Two explana-

tions were offered for this apparent contradiction: 1) The particle size
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of the spoil at Drum Inlet was virtually identical to that of the natural
marsh while at Snow's Cut the spoil had a smaller median particle size
than the natural marsh sediment and this difference may have prevented
some species from colonizing the spoil, and 2) It is possible that

the natural marsh at Drum Inlet was relatively less mature than that at
Spow's Cut and thus had relatively more lower grade species; they would
be expected to be more successful at colonizing the spoil than the rela-

tively higher grade species at Snow's Cut.

6. The Drum Inlet spoil fauna probably will come to resemble the natural
marsh fauna much sooner than will the Snow's Cut spoil fauna. The in-
creasing resemblence of the spoil fauna to the natural marsh fauna will
be correlated with the increasing similarity between the spoil and the

natural marsh sediment.

7. Based upon this study the technique of planting Spartina on dredge
spoil can be used successfully to create new and functional salt marsh
in areas where none previously existed. The length of time this will
take depends on how closely the spoil resembles natural marsh sediment,
the elevation of spoil deposition, the natural sedimentation rate in the
area, and the relative maturity of the natural marsh community charac=-

teristic to the area of deposition.
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