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Abstract
Tidalmarshes are valuable global carbon sinks, yet large uncertainties in coastalmarsh carbon budgets
andmediatingmechanisms limit our ability to estimate fluxes and predict feedbacks with global
change. To improvemechanistic understanding, we assess hownet carbon storage is influenced by
interactions between crab activity, watermovement, and biogeochemistry.We show that crab
burrows enhance carbon loss from tidalmarsh sediments by physical and chemical feedback
processes. Burrows increase near-creek sediment permeability in the summer by an order of
magnitude compared to thewinter crab dormancy period, promoting carbon-rich fluid exchange
between themarsh and creek. Burrows also enhance vertical exchange by increasing the depth of the
strongly carbon-oxidizing zone and reducing the capacity for carbon sequestration. Results reveal the
mechanism throughwhich crab burrowsmediate themovement of carbon through tidal wetlands and
highlight the importance of considering burrowing activity whenmaking budget projections across
temporal and spatial scales.

1. Introduction

As atmospheric carbon dioxide concentrations climb,
attention has turned to fast-action mitigation to
complement long-term reduction strategies (Molina
et al 2009, Rogelj et al 2018). Conserving terrestrial
forests with high carbon uptake capacities has traction
as one such fast-action strategy to boost Earth’s carbon
sequestration (Canadell and Raupach 2008, Molina
et al 2009). Vegetated coastal ecosystems also sequester
a disproportionately large amount of carbon relative
to their fraction of global land area (Mcleod et al 2011,
Duarte et al 2013) but unlike terrestrial forests, the
ability of coastal wetlands to continuously build
vertically prevents them from reaching a storage
ceiling. High rates of primary productivity by dense
vegetation and slow decomposition in anoxic soils
enable marshes to store carbon for centuries and
longer.

Despite their importance, the carbon budgets of
saline and brackish tidal wetlands (herein referred to
as tidal/coastal wetlands or marshes) are poorly con-
strained.Much uncertainty stems from the complexity
of interacting plant, water, soil, nutrient, fauna,
microbe, and even climate ecosystem components. A
particularly under-constrained influence on coastal
wetland net carbon sequestration is the role of bur-
rowing, or bioturbating, animal species.

In marshes around the globe, crabs such as Uca
spp. and Sesarma spp. construct burrows of varying
shapes and sizes (Wolf et al 1975, Hughes et al 1998,
Koo et al 2005, Morgan et al 2006, Wang et al 2010).
During burrow construction, sediment and stored
organic matter are excavated to the marsh surface,
increasing the potential for erosive carbon export
(Montague 1982) particularly near creeks, where most
burrow activity occurs (Teal 1958, Katz 1980,
McCraith et al 2003, Wasson et al 2019). Burrows
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increase the area of sediment air/water interface,
enhancing carbon emissions (Lee 2008) and act as
macropores, or conduits of preferential water flow,
increasing exchange between surface water and
groundwater (Xin et al 2009, Stahl et al 2014, Xiao et al
2019). Aeration increases the subsurface reduction-
oxidation (redox) potential (Thomas and Blum 2010)
and carbon oxidation rates (Kostka et al 2002a, Kostka
et al 2002b), and decreases carbon stock of the
sediment (Montague 1982, Thomas and Blum 2010,
Wilson et al 2012, Thomson et al 2019). Gaseous
emission measurements over burrows show higher
CO2 efflux compared to non-bioturbated areas
(Montague 1982, Kristensen et al 2008, Penha-Lopes
et al 2010, Pülmanns et al 2014, Ouyang et al 2017),
but these measurements themselves cannot identify
mechanisms driving the increase. Seasonal changes in
crab behavior are another unknown that may further
complicate the impact of crabs on carbon budgets in
high latitudes, because burrows are maintained only
during warm periods (i.e. summer) when crabs
are most active (Knopf 1966, Krebs and Valiela 1978,
Katz 1980).

Understanding of the mechanisms, magnitudes,
and timing by which crab burrows influence tidal wet-
land carbon fluxes is limited, reducing our ability to
predict coastal carbon dynamics and feedbacks with
climate change. Here we quantify the effects of crab

burrows on tidal marsh hydrology and geochemistry
via changes in sediment permeability and redox
potential and link these to changes in carbon oxidation
rates.

2. Study site andfieldmeasurements

This study was conducted at St. Jones National
Estuarine Research Reserve (NERR) in Dover, Dela-
ware (figure 1). The brackish marsh is Spartina-
dominated (S. alterniflora, S. cynosuroides, and
S. patens), and characteristic of brackish marshes on
theUnited States’ Southeast Atlantic Coast with a levee
and ponded water marsh area (Wiegert et al 1990).
Based on our observations and pitfall traps assess-
ments by Wasson et al (2019), Uca minax, the
brackish-water fiddler crab, was the most prominent
crab species and responsible for most burrows. Uca
pugilator and Sesarma reticulatumwere also observed.

Water level fluctuations were measured using
pressure sensors (Solinst, Canada) recording data con-
tinuously at fifteen-minute intervals in eleven shallow
monitoring wells (figure 1; Text S1). Wells were instal-
led 1.2 m deep with sand-pack around the screens in
different vegetation zones and at different distances
from the creek.Wells were constructed using 3.175 cm
schedule 40 PVCwith 91 cm of slotted well screen. Air

Figure 1.Map offield site and instrumentation at St. JonesNational Estuarine ResearchReserve inDover, DE. Elevenwells were
installed across the three hydrological zones (HZ), distinguished by distinct water table response to tidal influence.
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pressure was also recorded continuously every fifteen
minutes, approximately 1 m above the marsh surface
in the middle of the well transect and used to barome-
trically correct the absolute pressure readings.

The marsh was divided into three hydrologic
zones (HZs), tidal-near channel, spring-neap, and
tidal-interior, distinguished by and named for their
hydrological characteristics. The complexity of marsh
hydrology inhibits use of generalized naming schemes
such as high/low marsh that overlook the unique
hydrology within each zone. For example, the high
levee in this marsh exhibits groundwater table dynam-
ics similar to traditionally designated highmarsh areas
but falls within the lowmarsh zone. Our zones roughly
correspond to vegetation zonations proposed by
Wilson et al (2015) and support the concept of ecohy-
drologic zonations developed by Moffett et al (2012).
However, given our emphasis on hydro-redox lin-
kages presented in this paper, our zonations are
named to reflect the hydrologic conditions. The tidal-
near channel HZ had large diurnal water table eleva-
tion fluctuations within approximately 7 m of the
creek and high primary productivity. The spring-neap
HZ encompassed high elevation areas, such as the
levee, where the water table fluctuated with spring-
neap tidal harmonics, reflecting the inundation fre-
quency. Phragmites and S. cynosuroides colonized this
zone. The tidal-interior HZ encompassed the lower
elevation, frequently saturated marsh where tidal
water table fluctuations occurred but the water table
remained close to the marsh platform, typical of pon-
ded water marshes (Wiegert et al 1990) (see Text S2
available online at stacks.iop.org/ERL/15/034024/
mmedia for further discussion of these zones and a
discussion of their relation to the vegetation zones of
Wilson et al (2015)). Four wells were located in the
tidal-near channel HZ with two located less than
0.75 m from the creek bank, five wells were located in
the spring-neap HZ, and two wells were located in the
tidal-interior HZ. Wells were arranged in two trans-
ects, one of five wells and one of four wells, spanning
the tidal channel to the marsh interior (figure 1). Two
wells were located in the marsh interior disconnected
from the tidal channel-marsh interior transects.

Two falling head slug tests were conducted
monthly from February 2017 to February 2018 in each
well using a 5.28×10−4 m3 slug. Hydraulic con-
ductivity (K) was calculated using the Bouwer–Rice
equation and average K from the two tests was repor-
ted each month at each well (Bouwer and Rice 1976).
To assess differences between sites and bioturbated
and non-bioturbated periods, ANOVA and Single
Factor Tukey post-hoc tests were performed (see Text
S1). Water table elevation data from a tidal-near chan-
nel HZwell and water level data from the tidal channel
were used to calculate the hydraulic gradient between
themarsh platform and tidal channel at fifteenminute
intervals for each season. Periods when flow was from
the channel to the marsh (i.e. negative) were not

included in the calculation. To calculate the porewater
exchange between the marsh platform and tidal chan-
nel, Darcy’s Law was used with our seasonally variable
measured K and hydraulic gradient. Each of the
15 min outflow fluxes were averaged for an entire sea-
son to get the average flux per day into the tidal chan-
nel during that season.

Burrow density was measured monthly in each
hydrologic zone (HZ) (tidal-near channel, spring-neap,
and tidal-interior). Three locations within each zone
were randomly selected and burrows counted within a
1×1 m PVC square. Statistical analyses were con-
ducted to assess differences in macropore counts
between sites. The depth and volume of the burrows
were determined from in situ Plaster of Paris burrow
casts created at low-neap tide (figure S3, Text S1). 14–25
random burrows from each HZ were chosen (49 total);
casts were excavated and measured for length, depth,
and circumference at the top, middle, and bottom.
Depths represented portions of burrows above the
water table, belowwhich plaster did not solidify.

Multi-level in situ redox sensors (Paleo Terra,
Amsterdam, Netherlands) were installed near the
creek and in the high marsh, within 3 m of a monitor-
ing well, and connected to a datalogger (Campbell Sci-
entific, CR1000). Probes were constructed of epoxy
tubes reinforced with fiberglass and were 103 cm long
and 16 mm in diameter. Sensor depths were custo-
mized to correspond to stratigraphy determined from
sediment cores (Bothfeld 2016). In the spring-neap
HZ, a 10-level probe had sensors at 4, 7, 16, 29, 39, 49,
59, 69, 79, and 94 cm depths. In the tidal-near channel
HZ, a 9-level probe had sensors at 10, 13, 22, 35, 50, 60,
75, 85, and 100 cm depths. A Calomel reference elec-
trode (Fisher Scientific) placed in saturated KCl was
also connected to the datalogger (CR1000) and used to
establish a reference potential. Probes were calibrated
before and after deployment in calibration solution or
DIwater.

Sippers (1/4 inch aluminum sampler with 2 inch
screen; M.H.E. Products) were used to collect pore-
water at depths of 10, 25, and 75 cm in each HZ at
high-neap and low-neap tide in the summer (1 August
2017) and winter (24 January 2018), and in the tidal
channel. Depths were chosen to span the root zone
and below and capture oxidized and reduced zones
based on Eh collected earlier in summer 2017. Pore-
water was immediately filtered and aliquoted into vials
for analyses (see Text S1). Total carbon (TC) and dis-
solved inorganic carbon (DIC) were measured by
combustion. Dissolved organic carbon (DOC) was
calculated by difference (Elementar Vario-Cube).

3. Results

Crab burrow density was spatially and temporally
variable (figure 2). Burrows appeared in February and
increased in number through August, reaching a
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maximumdensity of 171 burrows perm2 (figure 2(a)).
The highest density in the tidal-near channel HZ
occurred in August and September, when densities
were 275% of June levels and were on average 10 times
more abundant than in the spring-neap HZ and
30 times in the tidal-interior HZ. During burrowing
periods, the average number of burrows was statisti-
cally significantly different between the tidal-near
channel HZ and both tidal-interior and spring-neap
HZs, but not between the tidal-interior and spring-
neap HZ (table S2). In contrast, during non-burrow-
ing periods, there was no statistically significant
difference in burrow density between any of the HZs
(table S2). Burrow casts showed depths from 3.1 to
37.5 cm with an average of 17.2 cm. Burrows were
interconnected, had multiple offshoots and entry
holes, and visibly connected the marsh platform to
tidal channel (figure S2).

The hydraulic conductivity (K) of the marsh plat-
form increased by an order of magnitude from winter
to summer (figures 2(b), S3). Between February and
November, K ranged from 0.051 to 6.7 cm/d. The 10-
well average was highest in August at 1.4 cm/d, com-
pared to 0.16 cm/d in March. The increase in K from
winter/spring to summer was most prominent within
the tidal-near channel HZ, where burrows were most
abundant and, in some cases, connected to the bank of
the channel. Slug test results from the tidal-near chan-
nelHZwere corroborated by the hydraulic head ampl-
itude attenuation factor (AAF: ratio of tidal amplitude
in tidal-near channel HZwell to the creek (Rotzoll et al
2013)), an indicator of the average K between the
creek and well. AAF was greater in summer (0.4–0.6)
than winter (<0.3; figure S4, Text S3). Inter-zone
variability in slug tests may be due to burrow presence
or absence within the effective radius of the slug test.
However, the AAF integrates the volume between well
and tidal channel, capturing the bulk average K. Average
K in the spring-neap HZ showed seasonal variation only

in wells with burrows observed in the immediate area
(figure 2(b)), where average K increased from 0.17 cm/d
in March to 1.2 cm/d in August. In the spring-neap HZ
wells without nearby burrows and tidal-interiorHZwell,
Kwas consistently low,∼0.1–0.4 cm/d.

The summer increase in K in the tidal-near
channel HZ was attributed to the seasonal emergence
of high burrow densities; however, the relationship
was nonlinear. The less than two-fold increase in
tidal-near channel HZ burrow numbers between July
and August and the corresponding ten-fold increase
in K suggests there is a burrow density threshold
above which burrows connect, producing a step
increase in permeability.While belowground ecological
productivity (i.e. roots) may impact permeability, the
increase in multiple wells during periods that corre-
spond to high bioturbation suggests that bioturbation is
themaindriver increasing permeability.

An elevated summer K resulted in a greater exchange
of tidal-near channel HZ porewater between the marsh
platform and tidal channel in the summer compared to
fall and spring. Using the calculated seasonally averaged
positive hydraulic gradient between the tidal-near channel
HZ and creek, a temporally variable K (spring/fall=
0.25 cm/d; summer=2.5 cm/d), and Darcy’s Law, we
calculated adaily volumetric discharge to the tidal channel
approximately 10-times greater in summer than in spring
or fall.

Concurrently with seasonal changes in marsh per-
meability and fluid exchange, there were pronounced
changes in the magnitude of marsh sediment redox
potentials (Eh) and both the amplitude and depth of
tidal Eh oscillations (figure 3). High Eh values indicate
geochemical conditions that promote faster carbon
loss by oxidation. In the spring, Eh in the tidal-near
channel HZ was low and oscillated only in shallow
sediments and during neap tides when water table ele-
vations in the marsh were lowest. Eh at 10 cm and
13 cm depths increased from ∼−200 to ∼150 mV

Figure 2. (a)Marsh crab density in each hydrologic zone. Vertical bars indicate range in burrow number among three unit areas
(n=3). (b)Average hydraulic conductivitymeasuredwithmonthly slug tests inwells in the tidal-near channel hydrological zone
(HZ) (n=4), spring-neapHZwith burrows (n=2), and spring-neapHZwithout burrows/tidal-interior (n=4). Vertical bars
indicate range in values per zone.
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from higher spring to lower neap conditions
(figures 3(a) and S5a). Eh deeper than 13 cm remained
constant and low at approximately −200 mV. When
burrow density peaked in the summer, Eh oscillations
occurred with each diurnal tide throughout an entire
spring-neap cycle and reached depths of at least 35 cm
(figures 3(b), S5b). Eh ranged from−150 to>500 mV
over a single diurnal tidal cycle in the summer. In the
fall, oscillations only occurred in the top 13 cmof sedi-
ment and ranged from 100 to 600 mV (figures 3(c),
S5c). Unlike redox potential in the tidal-near channel
HZ, the spring-neap HZ did not show large variation
in Eh (figures 3(d)–(f), S6) but sustained a strong ver-
tical gradient in Eh over time. In the tidal-interior HZ,
Ehwas uniformly low.

Burrow-induced hydrological and redox changes
were concurrent with measured changes in porewater
DOC and DIC. On the seasonal time scale, tidally-
averaged porewater DOC and DIC concentrations in
the tidal-near channel HZ were greater in summer
than winter (figure S7(c), (d), whereas DOC and DIC
concentrations in the spring-neap and tidal-interior
HZs were seasonally more uniform (figure S7(e)–(h)).
On the tidal time scale, tidal-near channel HZ pore-
water DIC concentrations were notably different
between high and low tides in the summer (figure
S7(c); along with Eh fluctuations, figure 3 and S5). In
non-bioturbated areas (spring-neap and tidal-interior
HZ) and in the tidal-near channel HZ during the
winter, DIC and DOC concentrations at low and high
tide showed small changes in concentration (figure
S7(c)–(h)).

The increase in dissolved carbonmay be attributed
to elevated temperature, plant activity, or an enhanced

supply of carbon (i.e. plant exudates) during the sum-
mer when plants are actively growing or due to physi-
cal dynamics such as advection of groundwater into
macropores, which were not measured in this study.
However, seasonal temperature changes are uniform
across the marsh platform and belowground net
primary production is similar between tall S. alterni-
flora (tidal-near channel HZ) and S. cynosuroides
(spring-neap HZ) (Schubauer and Hopkinson 1984)
(figure S7(e), (g)). Therefore, the seasonal increase and
tidal variability in dissolved carbon, particularly DIC,
in the tidal-near channel HZ compared to more
consistent concentrations in the spring-neap and
tidal-interior HZs, suggests attribution to more rapid
oxidation due to burrow-enhanced porewater flush-
ing and large Eh oscillations. While the linked influ-
ences between crab burrows, marsh hydrology, redox
potential, and porewater dissolved carbon concentra-
tions suggest that burrows are important to the net
marsh carbon balance, we are unable to elucidate the
relative importance of plant activity.

Like the sediments, tidal channels showed impor-
tant fluctuations in carbon content and export. In gen-
eral, salt marsh porewater drains to tidal creeks during
low tide (Wilson and Gardner 2006, Moffett et al
2012), reflected in concentrated, more porewater-like
chemistry of low-tide creek waters (Zhang et al 2014,
Moffett and Gorelick 2016). Besides allowing greater
oxygen penetration, crab burrows further enhance
drainage of carbon-enriched marsh porewater
(figure S8) to the tidal creeks during low tide, when the
hydraulic gradient is greatest. DOC and DIC con-
centrations in the creek support the observed summer
increase in oxidized carbon export from the marsh,

Figure 3.Multi-depth redox potential (colors) andwater table elevation (black) across three seasons (Spring, Summer, Fall 2017) in
the tidal-near channel (a)–(c) and spring-neap (d)–(f) hydrologic zones (HZ).Water table elevation inmeters relative to theNorth
AmericanVertical Datumof 1988 (NADV88).
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with summer creek DIC (but not DOC) concentra-
tions higher at low tide (40.3 mg l−1) than high tide
(14.3 mg l−1) (table S1, figure S7). In contrast, in the
winter, the differences between low and high tide
creek water DIC and DOC concentrations were small
(2.0 mg l−1) (figure S7).

Using season-specific excess porewater DOC and
DIC concentrations and season-specific Darcy fluxes
for the tidal-near channel HZ, we calculated the excess
horizontal carbon flux between the marsh platform
and tidal channel during the bioturbated summer and
non-bioturbated winter periods (figure 4). High dis-
solved carbon concentrations in the marsh porewater
in the summer coupled with enhanced marsh-creek
fluid exchange facilitated by dense crab burrowing
resulted in an order-of-magnitude increase in the hor-
izontal flux of carbon from marsh to creek (i.e. marsh
carbon loss).

4.Discussion

This study is the first to quantify how hydrology, crab
activity, and redox potential are linked through space
and time and together affect themarsh carbon balance.
We identify and quantify two mechanisms that
mediate carbon fluxes and transformation. First, a
temporally and spatially dynamic hydro-biological

mechanism impacts the magnitude of lateral water
exchange and, in turn, carbon exchange via crab-
mediated physical changes in the near-channel sedi-
ment. We show that in the summer, crabs excavate
burrows which increase marsh permeability in heavily
bioturbated areas.More permeable sediments conduct
greater fluxes of oxygen and reactant-rich water into
the marsh by aeration and flood-infiltration, enhan-
cing the creek-bank water exchange. Recent work has
identified this lateral exchange of water and dissolved
carbon between the marsh platform and tidal channel
to be an important component of coastal carbon
budgets (Bauer et al 2013, Wang et al 2016, Najjar et al
2018). However, the magnitude of and mechanisms
driving lateral carbon export are notwell understood.

The linkages between hydrology, crab activity, and
redox potential also suggest a hydro-biogeochemical
mechanism through which burrows increase lateral
carbon exchange with the tidal channel (through
increased DIC concentrations), as well as vertical car-
bon exchange to the atmosphere (through increased
CO2 production and evasion). The burrow-mediated
increase in the depth and (positive)magnitude of Eh in
heavily bioturbated areas impacts the rates and quan-
tity of carbon oxidation. By increasing the volume of
the high-Eh zone, the region of aerobic and higher-
yield anaerobic oxidation (i.e. NO3

− or Fe-reduction)

Figure 4. Schematic ofmarsh platform groundwater (GW)-tidal channel exchange, DIC andDOC concentrations, and resulting
estimates of vertical and horizontal carbon fluxes in seasons or locations with andwithout creek-side crab burrows. Low=low tide;
High=high tide.
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increases (Thomas and Blum2010), decreasing carbon
storage through faster rates of carbon oxidation
(figure 4). In non-bioturbated sediment, studies show
that carbon oxidation rates are high in the top
0–10 cm, ranging from 2.4–4.8 g Cm−2 d−1, but
rapidly decrease below the top 10 cm of sediments
to about 0.54 g C m−2 d−1 (Middelburg et al 1996,
Kristensen 2000, Kostka et al 2002b), resulting in a
depth integrated carbon oxidation rate for the top
35 cmof sediment of 6.8 gCm−2 d−1.

In bioturbated sediments, high Eh at depth would
allow for faster oxidation rates to penetrate deeper in
the marsh sediment (Kostka et al 2002b). In the bio-
turbated tidal-near channel HZ, the maximum depth
of sediments diurnally reaching high (oxidative) Eh
values coinciding with low tides was 35 cm in the sum-
mer.Assuming a gradual decrease from2.4 gCm−2 d−1at
the surface to 0.54 g Cm−2 d−1 to at least 35 cm (instead
of 10 cm as before) (Kristensen 2000, Kostka et al 2002b),
this would result in a depth-integrated oxidation rate for
the top 35 cm of 13.1 g C m−2 d−1, 1.9 times that if crab
bioturbationwere absent.

Our conservative estimates of depth-integrated car-
bon oxidation fall within the range of CO2 emissions
from tidal wetlands reported in the literature, yet these
studies do not necessarily consider the partitioning
of oxidized carbon between vertical (gaseous) and lat-
eral (aqueous) export (Morris and Whiting 1986,
Magenheimer et al 1996, Middelburg et al 1996, Abril
and Borges 2004). For example, some of the oxidized
carbon is converted to DIC, further increasing the
lateral carbon exchange. Our measured porewater DIC
concentrations in bioturbated sediments in the sum-
mer were consistent with this inferred burrow-induced
increased carbon oxidation rate based on field Eh mea-
surements. However, this elevated carbon oxidation
was transient and spatially variable, only occurring
in the tidal-near channel HZ and in summer, and to a
lesser extent fall, when burrows are most abundant and
when microbes are expected to be more active because
of freshly deposited organic carbon from plant root
exudates andwarmer temperatures.

Were the findings of this study generalized to all
marshes likely to have similar crab burrowing activity,
the total effect of this burrow-enhanced carbon oxida-
tion could be a non-negligible component of the glo-
bal marsh carbon cycle. We roughly estimate as a
thought experiment to place our findings in context,
that the crab burrow-enhanced oxidation effects
described herein could reduce global marsh gross car-
bon sequestration by about 0.35 Tg C yr–1. This esti-
mate was based on our observed 1.9-fold increase in
carbon oxidation in bioturbated areas, an estimation
that 0.4% of marsh area within current crab habitat is
inhabited by crabs, and an assumed average crab activ-
ity period of 90 d (Katz 1980; see Text S1 for more
detailed methods). We acknowledge that this estimate
involves broad assumptions and glosses over very
many details. However, carbon storage and accumulation

in salt marshes has been shown to be relatively insensi-
tive to latitude and mean temperature (Chmura et al
2003), supporting the notion of calculating and roughly
assessing the oxidation portion of the marsh carbon
balance with similar latitudinal extrapolation. Accord-
ing to Ouyang and Lee (2014), the net global carbon
sequestration rate in salt marshes is approximately
10.1 Tg yr-1. This suggests that approximately 3.5% of
gross carbon sequestration may be re-oxidized by the
processes investigated in this paper. With warming,
crabs are expected to expand their habitat range
(Walther et al 2002, Johnson 2014, Brodie et al 2017),
which could increase the oxidation—by sheer habitat
expansion, not any temperature effect—to 0.44 T g C
yr-1.However, with SLR and coastalmarsh inundation,
crabs could also see a decrease in their habitat area.
Therefore, the positive and negative feedbacks of
climate change on these important processes should be
further explored. These calculations are highly uncer-
tain due to variability in the magnitude and extent of
heavy bioturbation, number of active days, percent of
area bioturbated, changes in marsh area, and future
crab population dynamics, among other factors. How-
ever, they illustrate that this process has the potential to
be globally significant.

5. Conclusions

In this work, we observationally identify and quantify
mechanistic feedbacks between biology, hydrology,
and biogeochemistry that will improve understanding
of the role of tidal saline marshes in the global carbon
cycle. Our analysis shows that crab burrowing activity
mediates carbon fluxes in coastal marshes through
physical and biogeochemical processes. Crab burrows
increase the exchange of carbon-rich fluid between
the marsh platform and tidal channel via changes in
near-creek sediment permeability. Crab burrows also
increase the depth and (positive) magnitude of Eh in
areas of greatest bioturbation, which increases the rate
and quantity of carbon oxidation. While there is large
uncertainty in crab habitat due to future climate
variability, the processes identified in this study
suggest that changes in their habitat have the potential
to be globally important. Thus, we suggest that crabs
are important biogeochemical engineers and that their
populations should be considered in assessments of
themarsh carbon storage system.
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