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a b s t r a c t

Coastal wetlands can serve as a considerable sink for carbon (C) gases. However, the capacity for wetlands
to serve as more permanent C and N sinks over the long term is less clear given the time dependence of
sediment deposition, organic matter decomposition, and anthropogenic land use change. In this study,
we compare the short-term (decadal scale) and long-term (millennial scale) C and N accumulation rates
estimated using 137Cs and radiocarbon dating of vibracores collected from a freshwater coastal wetland in
the Louisiana Mississippi River deltaic plain (Atchafalaya River delta). The mean short-term (60 yrs) sed-
iment accumulation rate was 1.4 cm/yr while the mean rate of long-term (100–1000 yrs) sediment accu-
mulation was an order of magnitude lower at 0.12 cm/yr. Annual rates of C and N accumulated over the
past several thousand years were approximately 10% of that over the past 60 years after correcting for
bulk density. These results are similar to other coastal wetlands and suggest that time scale must be con-
sidered in determining the relative permanence of C and N storage in coastal wetland soils. This differ-
ence is especially important for assessing the role of C cycling in relation to global change models and
N cycling related to water quality in accurately quantifying the role of coastal deltaic fresh water wet-
lands in regulating these biogeochemical cycles.

� 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Coastal wetlands can serve as large carbon (C) and nitrogen (N)
sinks and can play an important role in global nutrient cycling
(Chmura et al., 2003; Choi and Wang, 2004). Wetland soils, includ-
ing coastal wetlands, are estimated to contain about 20–25% of the
terrestrial soil C pool, despite comprising a relatively small propor-
tion of the total land area occupied (ORNL Ecosystems Working
Group, 1998). High rates of C and N accumulation in marsh soils
are associated with high plant productivity and burial of organic
matter through sedimentation. Substantial spatial variability in C
accumulation rates has been related to differences in tidal range,
elevation, fresh water input, and sediment availability (Stevenson
et al., 1986; Craft and Richardson, 1998; Day et al., 1999; Kirwan
and Guntenspergen, 2010; Unger et al., 2016). On a temporal scale,
rates of sediment, organic C and N accumulation are all expected to

vary with resolution (Sadler, 1999). This temporal scaling is pre-
dicted to result in a negative power law relationship between rate
of accumulation and time. In coastal deltaic environments, which
have developed over millennia, other factors such as delta switch-
ing and geologic subsidence can influence long-term rates.

Deltaic coastal wetlands experience vegetation and habitat
shifts associated with changes in relative sea-level rise, river flood-
ing, channel migration, and storm deposition or erosion. Therefore,
rates of C and N accumulation will change over time concomitant
with changes in sedimentation, hydrodynamics, freshwater avail-
ability, and productivity. Within the soil profile, loss of organic C
can occur through microbial respiration and erosion and tidal
export while storm deposition and inputs of fresh organic matter
will lead to increases. Quantification of C accumulation rates may
also be dependent upon soil compaction over time, which conse-
quently requires a bulk density correction in order to validate com-
parisons between depths and among different systems.

Studies that strive to examine C and N accumulation (mass per
unit area per time) and soil accretion (distance per unit time) rates
relative to sea-level rise, geomorphic changes, paleoclimate, and
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storm histories all require an estimate of marsh age. Radiocarbon
dating is a common method for developing chronologies of soils
older than 1950 and up to 35,000 yrs BP. Radiometric dating is
based on changes in the 14C incorporated into the organic matter.
Radioactive isotopes released during the twentieth century have
reduced the reliability of radiocarbon dating for soils younger than
1950 (Scott et al., 2014). Shorter-lived radioisotopes such as 137Cs
can be used to date younger (past 50–60 yrs) sediments (DeLaune
et al., 1978). Marsh accretion rates based on the use of shorter-
term tracers such as 137Cs have consistently been shown to provide
accretion estimates up to an order of magnitude greater than those
based on radiocarbon measurements (Orson and Howes, 1992;
Roman et al., 1997). Linear integration over millennial vs decadal
time scales can produce much lower estimates, particularly in
organogenic marshes, due to peat compaction and decomposition.
Recent sea-level rise may also inflate recent rates of accumulation
by increasing rates of deposition and accumulation. However,
these increased rates would be valid going forward (Hill and
Anisfeld, 2015). Sediment/nutrient accumulation sequestration
rates is therefore highly dependent upon the isotopic geochronol-
ogy method used and could substantially affect the contribution of
wetland soil accretion to global C budgets.

There remains a great deal of uncertainty about the specific eco-
logical and physical changes that will occur in coastal wetlands as
a result of global climate change and associated increases in global
sea level rise (Raposa et al., 2016). The elevation of coastal wet-
lands is a function of a variety of factors, including eustatic sea-
level rise, subsidence (which in itself includes many factors), and
the vertical accretion of mineral and organic sediments (Nyman
et al., 1990). In recent years, there have been numerous studies
of accretion rates in northern Gulf of Mexico coastal wetlands
(Hansen and Nestlerode, 2014). Much of this work has been con-
ducted in the Mississippi River deltaic plain, where surface vertical
accretion rates are rapid, but concomitant with high rates of
coastal subsidence and coastal land loss (Hatton et al., 1982;
DeLaune et al., 1983; Salinas et al., 1986; Day et al., 2000). Wetland
soil accretion is strongly dependent on organic matter accumula-
tion (DeLaune et al., 1978; Nyman et al., 1995), which can lead
to the sequestration of significant amounts of C in the marsh pro-
file. While subsidence is a key driver of land loss in the Mississippi
River Coastal deltaic plain, subsidence can also increase the
sequestration rates of C (DeLaune and White, 2012). Yet, erosion-
driven marsh loss in coastal Louisiana is projected to lead to an
annual loss of 1101 g C/m2 in C sequestration between 2000 and
2050 (Army Corps of Engineers in Markewich et al., 2007). Coastal
wetland land loss in LA is primarily due to the combination of
eustatic sea level rise and subsidence (DeLaune and White,
2012). The combination of these two processes results in a relative
sea level rise that can be several times greater than the global aver-
age. Worldwide, coastal wetlands and their stored C are at risk to
erosional processes in the near future, as sea level rise continues
to increase. There is a pressing need to manage wetland C storage
in the face of rising sea level to prevent the large-scale transloca-
tion of C in soil to the atmosphere.

Although soil C in wetland soils has been recognized as being an
important component of global C budgets with links to future cli-
mate change scenarios, little work has been done on the role of
wetland ecosystem management to increase C sequestration
(ORNL Ecosystems Working Group, 1998; Lal, 2001). While wet-
land restoration projects seek to consider the value of C sequestra-
tion in marshes, it is still unclear as to the permanence of
sequestration given the order of magnitude disparity in short-
and long-term rates. Therefore, in this study, we compared C and
N accretion rates in a Louisiana Mississippi River deltaic plain
coastal freshwater wetland soil/sediment profile calculated over
the last �60 years to accretion rates calculated over the past

several thousand years in order to examine the potential impact
of time scale dependence on permanence of C and N sequestration
in deltaic wetland soils. This difference in accretion rates has
important implication for management of wetlands for C seques-
tration linked to the global C cycle and associated climate change.

2. Material and methods

2.1. Study sites

The Mississippi delta is the largest contiguous coastal ecosys-
tem in the U.S.A. and was formed over the past 6000–7000 years
as a time series of overlapping delta lobes (Roberts et al., 1997;
Roberts, 1998). For the past several thousand years, the develop-
ment of a mosaic of coastal marshes in the Mississippi River delta
has been driven by a relatively slow rate of sea-level rise. During
this period of delta plain development, delta building was accom-
plished at a relatively steady rate of sea level rise of 1 mm/yr (Blum
and Roberts, 2009). However, since the early 1990s satellite
altimetry measurements indicate that the rate of sea level rise is
now 3.4 mm/yr. Vibracores were collected in October 2012 from
Louisiana coastal freshwater marshes at three Hog Bayou Marsh
areas HB1 (29� 200 54.1400 N, 91� 310 10.4300 W), HB2 (29� 310

17.2700 N, 91� 190 53.1200 W), and HB3 (29� 320 39.8100 N, 91� 190

37.0700 W) (Fig. 1).

2.2. Methods

The sites are under the influence of fresh water and sediment
input from the Wax Lake Outlet (WLO) and the Atchafalaya River.
Sites were deliberately chosen to be outside of the active delta
proper as that region experiences dramatic changes in deposition
due to flooding and channel-switching (Roberts et al., 2015).
Vibracoring was completed using a STOW Model G550H powered
by a Honda 5.5 hp gas motor and 7.5 diameter aluminum tubes.
The vibracores were sectioned into 3 cm. increments to depths
below 400 cm. The sections were dried at 105 �C for 24 h. Air-
dried samples from selected sections of the profile were analyzed
for total C and total N using a CNS analyzer (Costech 1040 CHN
Elemental Combustion System, Valencia, Ca, USA) with method
detection limits of 0.005 g C/kg and 0.005 g N/kg, respectively.
Bulk density was calculated for each sample by dividing the dry
weight of the total sediment interval by the volume of the core
section. Selected sections (HB1 and HB3 cores) containing basal
organic matter were age-dated using 14C measured using acceler-
ator mass spectrometry (AMS). The rate cm/yr was calculated
based on depth above the 14C-dated section of profile. Accurate
14C age determination requires that soil C be formed through
in situ production with minimal transport or reworking. The
accretion rates in the surface sediment to a 60 cm depth were cal-
culated using 137Cs dating. The depths corresponding to the time
137Cs first entered the environment (1954) and maximum fallout
(1963) identified were used to calculate annual rate of vertical
accretion. (DeLaune et al., 1978). The rates of C and N accumula-
tion were calculated on a volume basis using mean bulk density,
%C and %N of the surface (0–63 cm) of the three HB marsh pro-
files and accretion rates over this time frame determined from
137Cs dating.

3. Results

The surface 0–100 cm sections of the vibracores represent the
modern deltaic plain accretion with the surface layer being fresh
water marsh soil with dark brown clay and organic deposits
containing root material. The surface layer has received increased
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