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Our study of sediment accretion rates from four low tidal-range sites along the Gulf of Mexico does not support
previous hypotheses concerning the relationship between tidal range and vertical accretion rates. The addition of our
data to an earlier data set decreased the correlation between these variables, and all but one of our low-tidal range
sites had positive accretion rates, contradicting previous studies which have predicted that low tidal-range sites would
have negative net accretion rates. Additionally, in transects across the marsh, accretion rates decreased from low- to
high-marsh stations; however, this appeared to be caused by changes in rates of organic matter accumulation, not
mineral matter accumulation, as has been proposed in previous studies. Vertical accretion rates were more strongly
correlated with organic matter accumulation rates than mineral matter accumulation rates, confirming previous stud-
ies which indicated the important role of sediment organic matter in determining sediment structure. These results
do not imply that mineral matter is unimportant in maintaining the elevation of the marsh; mineral matter input
affects organic matter production and sediment bulk density. There was little correlation between mineral and organic
matter accumulation rates, with average organic matter accumulation rates for each site having little variation com-
pared to the variation in mineral matter accumulation rates. This result supports a previous hypothesis that there
may be a limit to annual rates of organic matter accumulation. Finally, the study indicates that the negative net
accretion rates documented in Louisiana are not typical of other Gulf coast wetlands.

ADDITIONAL INDEX WORDS: Sea-level rise. subsidence, salt marshes, mangroves.

INTRODUCTION

Extensive data have been collected over the last decade
concerning sediment accretion rates in coastal wetlands be-
cause of the potential impacts of increases in sea-level rise
on these habitats. Recent estimates of future eustatic sea-
level rise vary from 20 to 115 cm by the year 2100 (Woobp-
ROFFE, 1993), although more conservative estimates range
from 35-50 cm over that time period (WIGLEY and RAPER,
1992). Most coastal wetlands studied to determine sediment
accretion rates are keeping pace with current rates of sea-
level rise (GRIFFIN and RABENHORST, 1989; PATRICK and
DELAUNE, 1990; ANDERSON et al., 1992; THoM, 1992; CRAFT
et al, 1993); however, some are experiencing submergence
(DELAUNE et al, 1983; BAUMANN et al,, 1984; STEVENSON et
al, 1985). If future rates of sea-level rise increase, it is un-
clear how large an increase coastal wetlands will be able to
withstand (OrRsON et al,, 1985). Potential impacts to coastal
wetlands include the conversion of vegetated wetlands to in-
tertidal mudflats if the inundation tolerances of vegetation
are exceeded (SALINAS et al., 1986) and the conversion of high
marsh to low marsh (WARREN and NIERING, 1993). Despite
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the growing number of studies of wetland sedimentation
rates, there are still many unknowns concerning the rela-
tionship of accretion rate, sea-level rise, subsidence, and oth-
er variables.

The maintenance of the relative elevation of an intertidal
wetland is a complex process, and many factors, including
variables on a variety of scales, may be involved. Some of the
key factors that have been proposed to affect accretion rates
include: relative elevation (LETZScH and FrReY, 1980; PETH-
ICK, 1981), tidal range (HARRISON and BLoowM, 1977), prox-
imity of the sediment source and creek system (STODDART et
al., 1989), plant community and density of vegetation (RICH-
ARD, 1978; GLEASON et al, 1979; STUMPF, 1983), and local
rates of subsidence (REDFIELD, 1972). In a review of accretion
processes and sea-level rise, STEVENSON et al. (1986) showed
a positive linear relationship between tidal range and net ac-
cretion rate. However, all of the low-tidal range sites which
they studied were experiencing relatively high rates of sub-
sidence and, as a result, had very low rates of net accretion
(in fact all were negative). This lead to the question, “Are low
net accretion rates really characteristic of low tidal-range
sites?”

The Gulf coast is an ideal place to study accretion rates
under a low tidal regime. There are an abundance of coastal
wetlands and the entire coast has a low tidal regime. Many
studies of accretion rates in Louisiana coastal wetlands have
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been completed (DELAUNE et al., 1978; HATTON et al.,, 1983;
KNAUs and VAN GENT, 1989; NYMAN et al., 1990). These ar-
eas have low tidal ranges but are also characterized by ex-
tremely high rates of subsidence and hence relative sea-level
rise. Very few wetland accretion studies have been completed
on the Gulf coast outside of Louisiana (LYNCH et al., 1989).
In order to evaluate sediment accretion processes in low tidal-
range wetlands, accretion rates from four different coastal
wetlands in the Gulf of Mexico were measured. Sites include
three tidal salt marshes from Aransas National Wildlife Ref-
uge (NWR), TX; San Bernard NWR, TX; and Biloxi Bay, MS;
and a group of tidal mangrove wetlands in the Florida Keys
(Figure 1).

In addition to addressing the correlation of tidal range and
accretion rates, this data set allowed evaluation of additional
questions concerning wetland accretion processes, including
some relationships proposed by other researchers and enu-
merated above. This study specifically targets the relation-
ships between vertical accretion, organic matter accumula-
tion, and mineral matter accumulation rates. Correlations
between these variables are used to help interpret the roles
of organic and mineral matter in coastal wetlands (BRICKER-
Urso et al, 1989; NYMAN et al, 1993). This approach was
used to determine if similar trends could be found from sites
across the Gulf of Mexico. Finally, vertical accretion data
from these coastal wetlands identify areas which may be vul-
nerable to increases in global sea level.

METHODS
Site Locations

At each of the four sites described below, six cores were
collected. Sites were chosen in order to obtain samples from
areas ranging broadly across the Gulf coast and with a wide
range in rates of relative sea-level rise. At the first three
sites, cores were collected along two transects, with sampling
stations in the low, mid and high marsh. Throughout the pa-
per, the term “site” is used to refer to the four sampling areas
described below and the term “station” to designate a sam-
pling location within a given site. The low-marsh station was
situated approximately 10 m from the creek bank to avoid
abnormally high rates that have been found in “streamside”
habitats (HATTON ef al., 1983). The mid- and high-marsh sta-
tions were each located 20 m farther into the marsh. In the
Keys, we were not interested in evaluating changes along
transects through the wetland; focus was placed on areas
dominated by red mangroves (Rhizophora mangle) and black
mangroves (Avicennia germinans). Because of this, we col-
lected three samples from different areas dominated by each
of these species. Our four study sites (Figure 1) were:

(a) Aransas National Wildlife Refuge, TX (Figure 1A)—
This old barrier island marsh is located near Austwell, TX.
Both transects were collected from the seaward side of Mus-
tang Lake, just north of False Live Oak Point. The low-marsh
stations here were dominated by Spartina alterniflora, with
very little Grindelia sp., and Batis maritima. Mid- and high-
marsh stations consisted of S. alterniflora, Salicornia virgin-
ica, and Grindelia sp.

(b) San Bernard National Wildlife Refuge, TX (Figure

1B)—Samples were collected from the backside of the barrier
peninsula, southwest of Raccoon Point (transect #1), and from
the edge of the mainland, near the Cedar Lakes Backwater
on the western edge of the refuge (transect #2). The vegeta-
tion at the low-marsh stations on both transects consisted
mostly of S. alterniflora, with some B. maritima. The mid-
and high-marsh stations were Distichlis spicata, S. alterniflo-
ra, and B. maritima.

(¢) Biloxi Bay, MS (Figure 1C)—Samples were collected
from Davis Bayou, near the mouth of Biloxi Bay (transect #1),
and from upper Biloxi Bay (transect #2). As is typical in
marshes from this area of the gulf (ELEUTERIUS, 1972), Jun-
cus roemerianus and S. alterniflora were found in the low
marsh, and Spartina patens and S. alterniflora in the mid and
high marsh. This was the only marsh that we sampled that
had extensive amounts of J. roemerianus.

(d) Florida Keys, FL (Figure 1D)—Samples were collected
from Lignumvitae Key, Plantation Key, and North Key Lar-
go. At each Key, one sample was collected approximately 10
m from the open water/mangrove interface, in areas domi-
nated by red mangroves. A second core was taken in the same
vicinity, but in areas dominated by black mangroves.

In 4 of the 24 cores, ""Cs profiles did not yield a distinct
peak, and rates of accretion could not be calculated. Cores
that were not dated came from: 1) low-marsh station from
transect #2 at Aransas NWR; 2) mid-marsh station from tran-
sect #2 at Aransas NWR; 3) low-marsh station from transect
#1 at Biloxi Bay; and 4) red mangrove station at Lignumvitae
Key. Because of these omissions, two of six transects were
incomplete. These transects have been dropped from the cal-
culation of averages for each site and from the analysis of
changes along the transects; however, the remaining samples
from these sites were included in the correlation analyses .of
sediment characteristics and sedimentation rates.

Collection Methods and Sample Analyses

Cores were collected in 15 ¢m diameter aluminum cylinders
to a depth of 30-50 cm. Compaction was minimized by using
sharpened, thin-walled coring tubes. Sediment compaction
was estimated by measuring the elevation of the marsh in-
side and outside of the core and was less than 1 cm in all
cores that we analyzed. Additionally, compaction due to core
extraction was estimated by measuring the length of the sed-
iment column before and after extraction. Corrections for
compaction were made in estimating sediment depth, and
compaction was assumed to be uniform throughout the sed-
iment column.

Cores were sectioned every 2 ¢cm, and individual sections
were dried at 80 °C, weighed and crushed with a mortar and
pestle. '"7Cs activity of the bulk sediment was counted with
a Lithium Drifted Geranium detector and multi-channel an-
alyzer. '*7Cs is a product of nuclear weapons testing and does
not occur naturally. Significant levels of this isotope first ap-
peared in the atmosphere in the early 1950’s with the peak
quantities detected in 1963/64 (RitrcHiE and McHENRY,
1990). Sediment profiles are dated based on the 1963 peak in
W(Cs, giving an average vertical accretion rate for the period
from 1963 to the present (DELAUNE ef al., 1978).
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Table 1. Sediment characteristics for cores from transects from three salt
marshes and from mangrove areas in the Florida Keys. Values given are
for the top 10 cm of the core. Standard deviations are given in parentheses.

Bulk Density Organic Content
Site (g/lem®) (percent)
Aransas NWR 0.70(0.226) 14.4 (5.20)
San Bernard NWR 0.90 (0.165) 9.1(1.84)
Biloxi Bay 0.28 (0.039) 24.3(3.98)
Florida Keys
Red Mangroves 0.16 (0.013) 55.5(10.01)
Black Mangroves 0.15(0.024) 61.3(8.86)

In addition to the '3’Cs analysis, 5 g subsamples were
taken from each section for combustion at 400 °C in order to
determine organic matter content by loss-on-ignition (BALL,
1964; CRAFT et al, 1991). Using the organic/mineral content
of the sediment and the bulk density, vertical accretion rates
were converted to mass-based rates and divided into organic
and mineral components in order to evaluate the importance
of these components to the accretion process. Profiles of or-
ganic content and sediment bulk density were constructed in
order to evaluate changes in these parameters with depth.
These profiles were also converted to volume distribution pro-
files, using specific gravity conversions for organic matter
and mineral matter of 1.14 and 2.61 g/em? respectively
(SMmITH, 1943; DELAUNE et al., 1983).

Many different terms have been used in studies of sedi-
mentation rates and clear definitions of these terms are nec-
essary in order to ensure understanding. Vertical accretion
rates are gross linear rates of sediment accumulation aver-
aged over a particular time period. Dating with *’Cs gives
average rates from 1963 until the present, while other meth-
ods may give averages for shorter or longer periods. The term
“accumulation rate” is used to refer to mass-based sedimen-
tation, either organic or mineral. Net accretion rates or ac-
cretion balance equals the gross vertical accretion rate minus
relative sea-level rise for a given site. This is equal to the
change in the relative elevation of the wetland sediment sur-
face over a given period and indicates whether or not the
wetland is keeping pace with sea-level rise or is undergoing
submergence.

Statistical analyses were performed using PC SAS (SAS,
1988). We used a two-way ANOVA without replication in
testing for differences between different stations along the
transects. The Tukey Test for non-additivity was used to de-
termine the significance of the interaction term. Since it was
not significant, the interaction term was used as the error
term for the two-way ANOVA without replication (SoxaL
and RoHLF, 1981). Treatment comparisons were made using
Duncan’s Multiple Range Test which is a procedure for ob-
taining all pairwise comparisons among sample means.

RESULTS
Sediment Characteristics and Profiles

Large differences were found in sediment characteristics
between the different sites (Table 1). Cores from mangroves
in Florida had the lowest bulk densities and the highest or-
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Figure 2. Organic content and sediment bulk density for the top 10 cm
of cores collected from all sites. Solid line indicates correlation for salt
marsh sites only (r? = 0.87).

ganic content. The sediments from the coastal salt marshes
in Aransas and San Bernard both had very high bulk densi-
ties; whereas Biloxi Bay sediments were mid range. Organic
content was negatively correlated with bulk density (Figure
2); although the relationship between these two variables
was very different for mangrove sediments than for the salt
marsh sediments from Aransas, San Bernard and Biloxi Bay.
Previous studies of soil bulk density and organic content have
shown similar relationships for sediments from Louisiana
coastal marshes (GOSSELINK and HATTON, 1984). There were
no consistent trends in organic content or bulk density across
the marsh transects.

Most cores exhibited decreases in organic content and in-
creases in bulk density with depth (Figures 3a and 3b). These
changes were paralleled in the volume distribution profiles,
with relatively less space occupied by organic matter and
pore space and more space being occupied by mineral matter
as the depth increases. These changes in sediment charac-
teristics with depth are due to below-ground organic matter
production, decomposition and compaction throughout the
sediment profile. RAE and ALLEN (1993) have documented
similar trends, although it is difficult to separate the relative
importance of the three factors above because all are occur-
ring simultaneously. In order to evaluate these processes, a
computer model was developed. The model simulated sedi-
ment processes over both depth and time using data taken
from one of the cores from the high-marsh station at Biloxi
Bay (CaLLaway et al, in press). The model was calibrated
with profiles of organic matter and bulk density, as well as
137Cs-based accretion rates and simulated processes such as
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Figure 3a. Profiles of organic content, bulk density, and sediment vol-
ume distributions for cores from the low marsh at Aransas NWR (top)
and San Bernard NWR (bottom).
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Figure 3b. Profiles of organic content, bulk density, and sediment vol-
ume distributions for cores from the low marsh at Biloxi Bay (top) and
from the black mangrove station at North Key Largo (bottom).

compaction, decomposition and organic matter production,
and changes in the relative elevation of the marsh over time.

Vertical Accretion Rates

Based on '*"Cs peaks (Figure 4), rates of vertical accretion
from the individual cores ranged from 0.18 to 0.89 cm/yr. At
all of the three sites where samples were collected on a tran-
sect through the marsh (Aransas NWR, San Bernard NWR,
and Biloxi Bay), accretion rates decreased from the low to
high station (Figure 5). There were significant differences be-
tween high, mid, and low marshes (p = 0.001; Duncan’s Mul-
tiple Range Test for differences between stations, p = 0.05).
Using average rates from the transects only, rates of vertical
accretion were highest at Biloxi Bay and lowest at Aransas
NWR (Table 2).

Vertical accretion rates from the incomplete transects that
are not included in Figure 5 and individual rates for cores
from the mangrove sites are given in Table 3. The three sam-
ples from the incomplete transects were similar to those
found along the complete transects, with the exception of the

high rates found at the high station on Biloxi Bay transect
#1. This was probably due to the fact that this sample, al-
though being at the upper end of the marsh, was also very
near to an adjacent tidal creek that may have delivered ma-
terial and drained this area, causing it to function similarly
to a low-marsh station. This exception indicates some of the
variability that is typical across any wetland and makes as-
sessing rates for a given area very difficult.

A similar evaluation of rates across the wetland was not
possible for the mangrove samples, since samples were not
collected along transects; however, average rates were higher
for the red mangrove stations (0.40 cm/yr vs. 0.27 cm/yr for
black mangrove stations). This agrees with the trend found
along the salt marsh transects, because red mangroves grow
along the lowest edge of the wetland, with black mangroves
in the interior of the mangrove swamp (ODUM et al, 1982).
These rates of vertical accretion are higher than have been
shown previously for other mangroves swamps in Florida
(LyNCH et al., 1989).

Gross vertical accretion rates were compared to rates of
relative sea-level rise for each site. Data for relative sea-level

Journal of Coastal Research, Vol. 13, No. 1, 1997
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Figure 4. Profiles of '"7Cs activity for high, mid and low-marsh cores
from San Bernard NWR (top) and Biloxi Bay (bottom). Peaks in '*7Cs
activity correspond to 1963.

rise are from tide-gauge analysis by PENLAND and RAMSEY
(1990). Three of the four sites had vertical accretion rates
greater than recent rates of relative sea-level rise (Table 2).
San Bernard NWR was the only site with a negative accretion
balance. In fact, the rate of relative sea-level rise that was
used for this site may be too large, because the only nearby
tide-gauge station that was available was from Galveston,
where rates of subsidence are relatively high and are prob-
ably higher than at San Bernard NWR.

Mass-Based Accumulation Rates

Organic matter accumulation declined consistently across
the marsh (p = 0.0027), with significant differences between
all stations based on Duncan’s Multiple Range Test with p =
0.05 (Figure 5). Mineral matter accumulation rates also de-
clined across the marsh (p = 0.032); however, significant dif-
ferences were found only between the low-marsh station and
the other stations using the same Duncan’s Test (Figure 5).

Average organic accumulation rates at the four sites
ranged from 210 to 380 g/m?/yr, with a much larger variation
in average rates of mineral matter accumulation (Table 4).
San Bernard NWR and Aransas NWR had the highest rates
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Figure 5. Rates of vertical accretion (top), organic accumulation (mid-

dle), and mineral accumulation (bottom) from transects across the marsh.
Data are for complete transects from salt marsh sites only. ’

of mineral matter accumulation; whereas rates from the
mangroves in the Florida Keys were extremely low (Table 4).
The rates of mineral matter accumulation from San Bernard
NWR and Aransas NWR are much greater than other pub-
lished values for most coastal salt marshes (BRICKER-URSO
et al., 1989).

Table 2. Average vertical rates of accretion. Standard deviations are given
in parentheses. Rates of relative sea-level rise are from tide-gauge data
from Penland and Ramsey (1990).

Relative
Vertical Sea-Level Net
Accretion Rise Accretion
Site (em/yr) (em/yr) (em/yr)
Aransas NWR 0.44 (0.16) 0.31 0.13
San Bernard NWR 0.62(0.15) 0.63 -0.01
Biloxi Bay 0.56 (0.09) 0.15 041
Florida Keys
Red Mangroves 0.40 (0.01) 022 0.18
Black Mangroves 0.27(0.11) 0.22 0.05
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Table 3. Vertical accretion, organic accumulation and mineral accumu-
lation rates for cores from incomplete transects and for mangrove cores

from the Florida Keys.

Organic Mineral
Vertical Accumu- Accumu-
Accretion lation lation
Site and Core Location {em/yr) (g/m?¥/yr) (g/m?/yr)
Aransas NWR #2 high 0.48 368.4 2,626.3
Biloxi Bay #1 mid 0.32 205.4 669.5
Biloxi Bay #1 high 0.61 350.3 1,304.3
Florida Keys—red mangroves
Core #3 0.42 331.6 143.5
Core #6 0.39 304.4 1715
Florida Keys—black mangroves
Core #2 0.42 361.0 303.7
Core #4 0.19 115.4 123.3
Core #5 0.19 156.3 64.9
DISCUSSION

Differences along the Transects

Previous authors have reported decreases in accretion
rates with increasing elevation within the marsh or with in-
creasing distance from a tidal channel (RicHARD, 1978;
PeTHICK, 1981, OENEMA and DELAUNE, 1988). PETHICK
(1981) stated that the frequency and duration of inundation
were most important in affecting rates of accretion across the
marsh. LETzscH (1983) used marker horizons in a seven year
study of six different stations in a Georgia marsh and found
consistently lower accretion rates in the upper part of the
marsh. STODDART et al. (1989) evaluated changes with dis-
tance from tidal channels at a macrotidal site along the Nor-
folk coast in Britain. It was assumed that the channels were
the main source of mineral matter for the marsh, and they
found lower accretion rates with increasing distance from the
channel.

Our data with *’Cs dating confirm these trends over a 30-
year time scale. However, the results of the mineral matter
accumulation estimates indicate that the cause may not be
simply a decrease in the delivery of mineral sediments to the
upper marsh, due to the shorter duration of flooding at higher
elevation as had been proposed previously. If this were the
case, we would expect a sharp decrease in mineral matter
accumulation rates across the marsh. However, our results
showed that vertical accretion rates across the marsh de-
creased significantly, but mineral matter accumulation rates
were only significantly greater at the low station (Figure 5).
It appears that the decrease in vertical accretion rates was
due to decreases in organic accumulation rates, which also
were significantly different across all three stations, not the
delivery of mineral matter to the marsh surface (Figure 5).

A tidal subsidy is still possible at these sites, even if it is
not in the form of mineral matter delivery. Increased drain-
age combined with above- and below-ground plant production
at the low end of the marsh may have been the cause for
increased rates of organic matter accumulation in these lower
stations. WIEGERT et al. (1983) have shown a significant in-
crease in above-ground production with increased drainage

Table 4. Average rates of organic and mineral accumulation. Standard
deviations are given in parentheses.

Organic Mineral
Accumulation Rate Accumulation Rate

Site (g/m?*yr) (g/m?yr)
Aransas NWR 333.4 (125.67) 2,248.4 (686.97)
San Bernard NWR 413.0(91.71) 4,895.2 (937.84)
Biloxi Bay 359.6 (56.17) 1,288.1(318.86)

Florida Keys

Red Mangrove
Black Mangrove

318.0(13.62)
210.9 (107.46)

157.5(13.97)
164.0 (101.64)

and soil water movement. Other studies have also docu-
mented trends in production across the marsh (DELAUNE et
al., 1979). The differences in organic matter accumulation
could also be due to differences in below-ground decomposi-
tion rates across the marsh, although most evidence indicates
that decomposition rates would be higher where drainage is
better because of increased aerobic decomposition rates
(HEMMINGA et al., 1988). Further study of production and
decomposition rates across the marsh are needed to confirm
these hypotheses.

Tidal Range Versus Net Accretion Rates

On a scale larger than a single marsh, tidal range has been
correlated with accretion rates (HARRISON and BLoowm, 1977;
STEVENSON et al, 1986). Previous studies have indicated a
positive relationship between tidal range and accretion rates.
In a study of five high marsh sites along the Connecticut
coast in Long Island Sound, HArRrISON and BLoowm (1977)
found that gross accretion rates along the sound increased
with increases in mean tidal range. HARRISON and BLoom
(1977) provided several explanations for this and indicated
that the most probable was the increased input of mineral
material with increases in tidal range and not organic matter
or the availability of mineral matter at different sites.

STEVENSON et al. (1986) also proposed a positive relation-
ship between tidal range and accretion rates in their review
of accretion processes; however, this was for net accretion
rates rather than gross vertical accretion rates. They found
a significant positive correlation between net accretion rate
and tidal range for 13 wetland sites. However, the only low
tidal-range sites that had been measured at that time were
sites with high rates of local subsidence (Louisiana and Ches-
apeake Bay). Furthermore, STEVENSON et al. (1986) pointed
out that additional data from low tidal-range sites were nec-
essary in order to confirm their findings. Data from this study
indicate that this trend is probably not as simple as has been
shown in the past (Figure 6). The four data points that we
added to Stevenson et al’s study decreased the r? of the re-
gression from 0.73 to 0.42, although the regression remained
significant (p = 0.0037). In addition, our samples indicate
that low-tidal range sites do not necessarily have negative
accretion balances, as had been proposed (STEVENSON et al.,
1986).

Recent studies from two areas on the Atlantic coast also
does not support the relationship between tidal range and
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Figure 6. Relationship of mean tidal range and net accretion rate for
data from the sites sampled and from other coastal wetlands (additional
data from STEVENSON et al,, 1986). Tidal-range values for Gulf coast sites
are from NOAA (1993).

accretion rates, nor the fact that wetlands with low tidal
ranges are likely to have negative accretion balances. WooD
et al. (1989) studied short term accretion rates at 26 sites in
Maine, with tidal ranges varying from 2.5 to 5.5 m, and found
no relationship between mean tidal range and accretion bal-
ance for these sites (see Figure 8 from WooD et al, 1989).
Additionally, CRAFT et al. (1993) found positive accretion bal-
ances for three of the four microtidal sites that they studied
on the North Carolina coast. They measured rates in regu-
larly and irregularly flooded marshes and found a deficit of
0.1 cm/yr in the regularly flooded backmarsh site, while all
other areas had positive accretion balances, ranging from
0.05 to 0.17 cm/yr (CRAFT et al, 1993). Our data together
with these additional studies do not imply that there is no
relationship between tidal range and accretion rates; how-
ever, they do indicate that tidal range alone cannot predict
the accretion balance of a particular site. Many more local
variables affect the average accretion rate and accretion bal-
ance for a given wetland, such as organic matter production,
below-ground decomposition, mineral inputs, and other fac-
tors.

Correlations of Vertical Accretion, Organic and
Mineral Accumulation Rates

Given the fact that there appears to be more involved in
the vertical accretion rates at these sites than just the deliv-
ery of mineral matter, the question arises, “What is control-
ling the accumulation of sediment in coastal wetlands along
the Gulf of Mexico?” Using data from all of our 20 cores, rath-
er than just the transect data, we evaluated the correlation
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Figure 7. Correlation of vertical accretion rates with mineral accumu-
lation rates (top) and organic accumulation rates (bottom) for all cores.

between vertical accretion, mineral accumulation and organic
accumulation rates. As other authors (NYMAN et al, 1993)
have pointed out, vertical accretion rates are used in the cal-
culation of the mass-based accumulation rates, so it is to be
expected that these rates are correlated. However, the eval-
uation of these trends can still assist in the understanding of
accretion processes in coastal wetlands.

For the wetlands that we evaluated, vertical accretion was
more highly correlated with organic accumulation rates than
mineral accretion rates (Figure 7). The r? value for vertical
accretion and organic accumulation rates was 0.895; where-
as, it was 0.458 for vertical accretion and mineral accumu-
lation rates. This reinforces the trends that we found along
the transects and is to be expected since we used some of the
same data in this analysis. The correlation that we found for
vertical accretion and organic accumulation rates is very sim-
ilar to the relationship that NymMaN et al. (1993), found from
coastal wetlands in Louisiana, and indicates that there may
be a similar relationship for organic matter accumulation and
vertical accretion across the Gulf coast region. Other re-
searchers have also looked at the relationship of organic mat-
ter and mineral matter accumulation rates in hopes of inter-
preting sedimentation processes in some areas (MCCAFFREY
and THomsoN, 1980; BRICKER-URSO et al, 1989). Our data
adds further support to the hypothesis that organic matter is
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the key to the development of marsh sediment (MCCAFFREY
and THOMSON, 1980; NYMAN et al., 1993).

In order to interpret processes on a regional scale, it is
instructive to evaluate the relationship between organic and
mineral matter accumulation rates, using data from individ-
ual cores as well as average values for each site (Figure 8).
The difficulties in assigning an average value for a given site
have been discussed above; however, the researchers in this
study feel that the transect approach is the best method for
obtaining an average value. Most of the variability in the
rates of organic matter accumulation was due to changes
across the transects or within a given mangrove area, and
when data were averaged for individual sites, average organ-
ic accumulation rates from all of the sites were very similar
(Table 4). BRICKER-URSO et al. (1989) have suggested that
there may be a limit to the organic accumulation rates in
marshes along the Atlantic and Gulf coasts (see their Figure
12). The average data from our sites showed little increase
in organic matter accumulation despite large increases in
mineral matter accumulation rates. Average mineral matter
accumulation rates at our sites varied from approximately
160 to 5,000 g/m?%yr, while organic matter accumulation rates
varied from approximately 200 to 400 g/m?yr. The small
range of organic matter accumulation rates indicates that
there may be a limit to organic matter accumulation as
BRICKER-URSO et al. (1989) have suggested. If in fact there
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Figure 9. Vertical accretion rates and rates of local sea-level rise (from
PENLAND and RaMsEY, 1990) for our sites from the Gulf of Mexico, as
well as two sites in Louisiana (data from DELAUNE et al., 1983 and HAT-
TON et al., 1983).

were a limit to the maximum rates of organic matter accu-
mulation, this could have important consequences for the
ability of marshes to compensate for future increases in sea-
level rise.

POSSIBLE EFFECTS OF SEA-LEVEL RISE AND
CONCLUSIONS

There was not a significant relationship between subsi-
dence rates (relative sea-level rise rates) and accretion rates
based on data from our 4 sites. The r? value for these 2 vari-
ables including data from all 20 cores was 0.19 (p = 0.055).
Although it has been suggested that there is a positive rela-
tionship between relative sea-level rise and accretion (RED-
FIELD, 1972), the lack of a statistical relationship has been
shown by other researchers (STEVENSON et al., 1986; WooD
et al.,, 1989).

Vertical accretion rates at the coastal wetlands that we
studied were large enough to compensate for rates of local
sea-level rise, and these wetlands are not likely to be flooded
in the near future (Figure 9). The one site that may experi-
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ence flooding is San Bernard NWR. Interestingly this site
had the highest rates of mineral matter accumulation. Also,
the estimate of the subsidence rate for this site may be too
high, as discussed earlier. These Gulf sites are functioning
very differently than sites that have been studied in Louisi-
ana (Figure 9). Several studies (DELAUNE ef al, 1983; Bau-
MANN et al., 1984; SALINAS et al., 1986) have documented the
relationship between negative accretion balances and the loss
of coastal marsh acreage in coastal Louisiana. However, the
four sites from the Gulf of Mexico that we studied do not have
negative accretion balances and are not experiencing major
losses of coastal wetlands. There is a Gulf wide trend in sub-
sidence rates with higher rates near the influence of the Mis-
sissippi River Delta (PENLAND and RAMSEY, 1990), but sites
away from this delta are currently not likely to experience
submergence.

There are potential problems with using tide-gauge data
sets for estimating rates of relative sea-level rise for marsh
accretion studies. TURNER (1991) concluded that in order to
minimize the effect of short-term trends in the tide-gauge
signal on estimates of relative sea-level rise, the longest
available data set should be used. In addition, rates of sub-
sidence are probably not the same in tidal channels, where
tide gauges are usually installed as they are in coastal wet-
lands (TURNER, 1991). Because of the processes, such as or-
ganic matter production, decomposition, and compaction
which occur within the sediment column in coastal wetlands,
it is likely that rates of sea-level rise would be different in
the wetland. If this is the case, positive values for accretion
balance may not necessarily mean that the relative elevation
of the marsh is increasing. Rather, if the differences between
processes at the tide gauge and within the wetland (decom-
position and compaction) are also considered, slightly positive
values of accretion balance may indicate that the wetland is
simply keeping pace with measured increases in relative sea-
level rise.

Besides actual land loss, one potential impact of an in-
crease in sea-level rise that could be very important is the
conversion of high marsh to low marsh. High marsh areas
are likely to be converted to low-marsh habitats because of
the lower vertical accretion rates in the high marsh (Figure
5). This type of a change in vegetation communities has been
documented in New England tidal marshes over the past 50
years and through peat core analysis (WARREN and NIERING,
1993). There could be a similar change in coastal wetland
plant communities along the Gulf coast, and this conversion
of upper marsh habitat could have important consequences
for wildlife and other marsh functions, even though there
would not be a net loss of wetland habitat.
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