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Graphical Abstract Figure. A conceptual model of a dredge pit. Black arrows indicate release of nutrients as a result of low oxygen
conditions.
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The impact of recently excavated dredge pits on coastal hypoxia in the northern Gulf of
Mexico shelf

Abstract

Large volumes of sand are needed in order to combat coastal land loss due to global sea-level
rise for restoration of barrier island systems and beaches undergoing rapid erosion and
submergence. The sediment required for such projects often originates from dredging of sand
deposits on the adjacent shelf. Two dredge pits, with contrasting geology and located at varying
distances from the Mississippi River Delta in the northern Gulf of Mexico shelf were sampled
during spring and summer. Samples were also collected concurrently from surrounding
continental shelf stations that are subject to seasonal hypoxia every summer. The bottom water
dissolved O, inside the dredge pits were found to be consistently hypoxic or near hypoxic
throughout both seasons, with high sediment O, consumption (SOC) rates of 51.8 to 23.7 mmol
m™? d" in spring and 51.3 to 34.3 mmol m” d” in summer. In contrast, control stations
immediately outside the dredge pits showed lower SOC rates ranging between 6.3 to 35.9 mmol
m™ d”'. The SOC rates of the surrounding continental shelf subjected to annual seasonal hypoxia
ranged between 25.7 to 59.6 mmol m? d”' indicating that the dredge pits experienced similar
high rates of SOC. Our results suggest that sluggish water circulation inside these topographic
depressions coupled with higher SOC rates does result in persistent low bottom O, conditions
inside these dredge pits well beyond the duration of the seasonal hypoxia period in this region.
This is the first study to provide insight on the impacts of dredge pits to surrounding hypoxia in
this region which is critical as future dredging operations are expected to increase worldwide
with projected sea-level rise.
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1. Introduction
The current global consumption of sand is 50 billion metric tons every year which poses

a major sustainability challenge (UNEP, 2019). In coastal regions, sand is needed for beach
nourishment which represents a widely used and rapidly expanding strategy to counter erosion
and sea level rise (Finkl et al. 2006; Hanson 2002; Crowe et al., 2016). Sand is also utilized for
land reclamation projects and construction of coastal protection for storm surges. Sea level rise,
local land subsidence, and dam construction have contributed to extensive land loss around the
world (Syvitski et al., 2009; Wang et al., 2018). The need for sand to replenish eroding beaches
and land subsidence is a global issue which has led to increasing interest in sand mining on
continental shelves. The sediment required for nourishment projects often originates from
dredging of sand deposits on the shelf but the impact of such dredge pits and borrows on coastal
water quality and ecology remains understudied. The rate of infilling of such dredge pits can be
highly variable and can take from decades to hundreds of years to infill, depending on proximity
to sediment source, transport, prevailing currents as well as pit geometry (Byrnes et al., 2004a,b;
Crowe et al., 2016; Desprez, 2000; Jones et al., 2009). Even when completely infilled, these
areas can continue dewatering and consolidation processes for a much longer time scale
(Robichaux et al., 2020; Nairn et al., 2005). The biological recoveries may not occur for many
years depending on the environmental conditions and the nature of the dredging impact (Crowe
et al., 2016; Cooper et al., 2007; Williamson et al., 2006). Several countries in Europe, and parts
of the United States have all undergone beach nourishment projects using dredged sediments in
efforts to restore eroding coastlines (Wilber et al., 2003; Graca, 2009; Hanson et al., 2002; Xu et
al., 2014). In United States, coastal Louisiana in northern Gulf of Mexico is currently
experiencing one of the highest rates of land loss in the world due to both natural and human-

induced processes (Syvistki et al., 2009; DeLaune and White, 2012; Couvillion 2017; Sapkota
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and White, 2019). The estimated land loss in this region since the 1930s is approximately 1,829
square miles (Khalil et al., 2010; Barras et al., 2008). Louisiana’s barrier islands play a critical
role in shoreline protection by reducing effects of storm surges, coastal flooding, and
maintaining coastal basin wetlands and estuaries. In order to combat coastal erosion, dredged
sediment from offshore areas on the northern Gulf of Mexico (NGOM) continental shelf are
often excavated and supplied to deteriorating coastal beaches and wetlands (Palmer et al., 2008;
Lui et al., 2018; Wang et al., 2018; Lui et al., 2020a,b).

Offshore dredging results in deep depressions (up to ~10m) on the northern Gulf of
Mexico (NGOM) shelf, a shallow sloping area that extends 100 to 200 km from the coast
(Roberts, 1997; Kulp et al., 2005) . These depressions, referred to as borrow areas or dredge pits,
result in areas that are physically different from the surrounding environment (Palmer et al.,
2008). For example, dredge pits have been recorded to impact wave and current dynamics (Niu
and Yu, 2011), change or cause loss of benthic community species composition (Palmer et al.,
2008), and induce hypoxic (low oxygen) or anoxic (no oxygen) conditions (Graca et al., 2009
and 2004, Sonders et al., 2014). Dredge pits are often associated with decreased current
velocities (Chaichitehrani 2018) and can act as effective sediment traps with high organic matter
accumulation (Graca et al., 2004; Obelcz et al., 2018; Robichaux et al., 2020), which has the
potential to further intensify hypoxia formation. However, there are no studies in the U.S. that
systematically investigate the sediment oxygen consumption or biogeochemical drivers of
oxygen dynamics within dredge pits.

Understanding the impacts of dredge pits to bottom water biogeochemistry are especially
crucial due to the need for hundreds of millions of cubic meters of sediments for coastal and

wetland restoration (Khalil et al., 2010). Sand is needed for beach nourishment, finer sands and
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muddy sediments for wetland restoration, and clay for levee construction. In order to restore
diminishing coastlines, repeated nourishment projects are often needed in order to combat
erosion (Wilber et al., 2003). Thus, the need is likely to increase significantly in future decades
as sea-level rise and storm intensity increases (Bird and Lewis, 2014; Zhang et al., 2004), leading
to future excavation of many dredge pits in this region and elsewhere. Thus, it is imperative to
better understand the impact of such dredge pits on inducing or exacerbating coastal hypoxia, a
chronic water quality problem reported from over 400 areas worldwide, which are expected to
intensify under future climate change scenarios (Rabalais and Turner, 2019). This is especially
relevant for our current study region, as the NGOM shelf is also subjected to seasonal hypoxia
when dissolved O, concentrations drop below 2 mg L. This hypoxic region, or “dead zone”,
spans from Louisiana’s Bird Foot Delta to eastern regions of the Texas coastline. It has been
reported as the second largest human-induced seasonal hypoxic zone in the world, spanning an
area of 23,000 km” (Rabalais and Turner, 2019). The well-known occurrence of hypoxia in the
NGOM compels a better understanding of water quality and sediment oxygen dynamics within
excavated dredge pits and the adjacent seafloor outside of the pit. However, sediment oxygen
consumption (SOC) in dredge pits has not yet been reported in the United States. Thus, this study
specifically investigates SOC rates from the recently excavated dredge pits in comparison to
seasonal hypoxia zone.

This study focuses on determining the potential differences in sediment oxygen
consumption rates of two dredge pit sites and additional locations in the hypoxic region on
Louisiana’s continental shelf. Two recently excavated dredge pits, Caminada and Sandy Point,
their adjacent outside counterparts, as well as four surrounding sites located within the seasonal

hypoxic zone are investigated in this study (Fig. /). These two dredge pits have contrasting
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qualities. They differ in (i) age since completion of dredging operations, (ii) proximity to the
Mississippi River Delta, and (iii) substrate type (sandy vs. mud-capped). In the current study we
compared these two dredge pits in addition to the seasonal hypoxic sites to test our driving
hypotheses that (i) the dredge pits will have higher SOC rates, resulting in more intense hypoxic
conditions, compared to adjacent regions outside of the pits and the surrounding hypoxic shelf
stations, (ii) the mud-capped dredge pits will have higher SOC rates compared to sandy pits due
to higher rates of organic matter supply and less physical mixing, thus resulting in higher SOC
rates, and (iii) SOC of dredge pits sites will be higher in summer months compared to the earlier
spring months due to organic matter accumulation from biological productivity and increased
temperature.

Thus, the main objectives of this study are to (i) provide a comprehensive understanding
of the oxygen dynamics and SOC rates within dredge pits off the coast of Louisiana on a
seasonal scale and (ii) compare the oxygen dynamics and SOC rates of dredge pits to the
seasonal hypoxic zone that occurs every summer. Quantifying the magnitude of SOC rates from
the dredge pit stations are needed to better understand the effects of human-induced dredging and
the water quality conditions that may negatively affect marine life compared to other stations
along the continental shelf.
2. Materials & Methods
2.1 Study area descriptions

Two recently excavated dredge pits, Caminada and Sandy Point, and four seasonal
hypoxia sites (C6, BS, D3, and D5) located along the commonly used hypoxia transects (Fig. /a)
are the chosen sites for this study. Rabalais et al., (1999) illustrates the past usage and
nomenclature of hypoxia sites for this study, and the hypoxia shelf transects, dating back to

1985, are consistently used by various studies in the NGOM (Rabalais et al., 1999; McCarthy et
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al., 2013; Ghaisas et al., 2019; and others). Using these sites will allow a comprehensive
comparison of the potential post-dredging effects in Caminada and Sandy Point to the hypoxic
shelf stations.

Caminada (CA) (Fig. 1b) was dredged in two increments from 2013-2016 as a part of the
Caminada Beach and Dune Restoration Project. This site is a mixed-sediment dredge pit located
on Ship Shoal, made up of previously existing sandy sediments combined with fine-grained
bypassing mud sediments sourced from either from the Mississippi River or the Atchafalaya
River. After a total volume of 9.07 million m® of sediment was mined, the area of the Caminada
dredge pit is approximately 6.3 km?”, with depth ranging between 6-7 meters below the ambient
seafloor (Liu et al., 2019). CA is presently infilling at a rate of 150 cm yr', or 27,480 m’ yr’'
(Liu et al., 2018). This study focuses on two inside stations, CA2 IN (28°54.8324'N,
90°37.2931'W) and CAS5_IN (28°54.7441'N, 90°36.6542'W), along with two outside stations,
CA8 (28°54.9426'N, 90°37.7588'W) and CA11 (28°55.1721'N, 90°36.3052'W) .

The Sandy Point (SP) (Fig. Ic) dredge pit, located on a paleo river channel, was
excavated in 2012 to replenish Pelican Island, Louisiana. SP is ironically referred to as a mud-
capped dredge pit after near 1 million m’ of muddy overburden was removed in order to
excavate over 2.7 million m® of underlying sand for restoration (Chaichiterani et al., 2019). After
a total of 3.7 million m> of sand was mined (Sonders et al., 2014; Obelcz et al., 2018), the area of
the SP dredge pit is approximately 0.37 km® (Sonders et al., 2014). SP has been recorded to
accumulate sediment at an average rate of 54 cm yr' and is predicted to completely infill within
~15 years (Obelcz et al., 2018). The major sources of sediment for these dredge pits are: (i)
reworked and resuspended sediment in shallow coastal waters due to wave-current interaction,

(i1) sediment flux from the Mississippi River and (iii) sediment advected during the frontal
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passage (Chaichiterani et al., 2019; Obelcz et al., 2018). In correspondence with CA, this study
investigates two inside stations, SP3_IN (29°06.246' N, 89°30.577' W) and SP5_IN (29°05.9142'
N, 89°30.607' W), along with two outside stations, SP4 (29°06.189' N, 89°30.919' W) and SP11

(29°07.788' N, 89°31.350' W).

2.2. Sample collection
Sediment cores were collected in spring (April-May) and summer months (July-

September) from Caminada (CA) dredge pit in 2018 and Sandy Point (SP) dredge pit in 2019
using R/V Coastal Profiler and R/V Acadiana. Samples were collected from two locations inside
each dredge pit designated as CA2 IN, CAS_IN and SP3 IN, SP5_IN for Caminada and Sandy
Point. Two outside stations designated as CA8, CA1l and SP4, SP11 were also sampled at the
same time, adjacent to Caminada and Sandy Point dredge pits respectively. Intact sediment cores
were collected in triplicate from each station using an Ocean Instruments MC400 multi-corer.
The only exception was Caminada dredge pit in which the multi-corer failed to collect samples,
due to the coarse substrate; and a box corer was used in its place. The same 10cm diameter
polycarbonate core tubes used in the multi-corer were used to subsample the box corer. For shelf
wide stations, intact sediment cores were collected onboard the R/V Pelican in summer 2018
(August) and 2019 (July) from Louisiana continental shelf stations C6, B5, D3, and D5 using the
multi-corer. At every station an additional core was collected and analyzed for total organic
carbon (%TOC) content at 1-2 cm depth intervals. Filtered (1pum) bottom water samples were
also collected at each station for use in sediment core incubation experiments. Bottom water
parameters for depth, temperature, salinity, and dissolved O, at each station were measured using
a Seabird HydroCAT-EP.

2.3. Sediment oxygen consumption measurements
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Temperature-controlled recirculating water baths adjusted to the bottom water
temperature were used for all incubation experiments. Filtered bottom water was used to
gradually fill up the core tube with minimum disturbance to the sediment-water interface. The
overlying water column height was adjusted between 20-25 cm from the sediment surface to
ensure similar water column volume among all cores using custom PVC core caps. Care was
taken to avoid any visible air bubbles or headspace. The custom designed lids are fitted with two
O-rings for gas-tight incubations, and include one tube attachment for the corresponding water
reservoir, one tube attachment for sample extraction, and two tube attachments that connect to
each other in a peristaltic pump, allowing continuous flow and circulation in the core for the
entire duration of the incubation (Upreti et al., 2019; Ghaisas et al., 2019). Sediment cores were
fully submerged into the temperature-controlled water bath, and reservoir tanks along with the
incubation water bath were covered with an opaque shroud to ensure no primary production. The
incubation was terminated when dissolved O, in the cores fell below 1.0 mg Lt

To obtain oxygen concentrations, water samples were extracted from the cores every 4-6
hours in Labco septa vials, in which water was allowed to overflow the vial before capping
(Upreti et al., 2019). Gravity-driven water replenishment from the reservoir allowed the
simultaneous collection of water samples and water refill within the core without any
introduction of O, (Hopkinson et al., 1999; Upreti et al., 2019). Approximately 10 mL of the
“dead water” in the tubing was released at each time interval before collecting samples. Once
water samples were taken for each core, they were immediately measured for O, concentration
using a Presens Microx 4 O, sensor. The changes in concentration over time were plotted to

calculate the flux of O, into the sediment, or the SOC rate after appropriate volume correction.
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Only data points with dissolved O, concentration greater than 1.0 mg L™ was used for flux
calculation to maintain consistency among cores with different rates of SOC.
2.4. Total organic carbon (TOC) analysis

Total organic carbon analysis (TOC) of the top 10 cm was conducted after sediment was
subsampled, weighed, and dried at 50 °C. Dried sediment samples were ground using a
traditional mortar and pestle and homogenized using a 125 um sieve. Samples were weighed into
open Costech silver capsules and placed in a vacuum glass desiccator alongside the fumigation
of 12N hydrochloric acid (HCI) for 12 hours to remove inorganic carbon (Hedges et al., 1984;
Hedges and Stern 1984). Samples were then repacked into tin capsules to ensure no loss of
sample and analyzed in Costech 1040 CHNOS Elemental Combustion system following the
standard EPA method 440.0 (Zimmerman et al., 1997).

2.5. Statistical analysis
Differences in SOC were analyzed using a two-way T-test of equal variance between

inside pit, outside pit, and shelf stations. Similarly, differences in SOC were compared
seasonally using a two-way paired T-test for individual sites. A Pearson correlation test was used
to test the linear correlation of SOC rate with observed temperatures and bottom water dissolved
O,. Data reported in this study is presented in the mean + standard deviation format with
parenthesized p values if associated with any statistical references.
3. Results
3.1 General water chemistry

Caminada depth inside the pit was ~13 m from the surface water with an outside ambient
depth of ~7-8 m, thus the dredge pit was roughly 6 m deep. Spring bottom water temperatures
for Caminada were warmer outside the pit, ranging from 24.5 to 25.5 °C, compared to cooler

temperatures inside the pit, ranging from 22.9 to 23.1 °C (Table 1). Bottom water temperatures

increased in summer, however, similarly, the temperatures were warmer outside the pit ranging
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from 28.5 to 29 °C, compared to cooler temperatures inside the pit and 24.5 to 25.5 °C. In spring,
the bottom water salinity in Caminada was notably higher inside the pit compared to outside the
pit, ranging 34.0 to 34.4 inside and only 22.9 to 27.9 outside. Salinities slightly increased in the
summer season, reporting approximately 34.8 inside the pit and ranging 30.3 to 30.6 outside the
pit, and still the salinity inside the pit was higher than outside. Based on CTD data, bottom water
concentrations for Caminada remained hypoxic year-round at both inside stations CAS5 IN and
CA2_IN, at 1.43 and 1.93 mg O, L' in spring, with a slight decrease in summer to 1.42 and 1.46
mg O, L™, respectively. In contrast, both outside pit stations CA11 and CA8 remained above 2
mg O, L™ year-round, at 6.71 and 6.88 mg O, L™ in spring, with a decrease in summer to 3.50
and 5.46 mg O, L™, respectively. The dissolved O, concentration outside the pit was 4x higher
than the inside concentration in spring, and over 2x the dissolved O, concentration in summer
(Table 1).

Sandy Point depth inside the pit was ~17 m from the surface water and an outside
ambient depth of ~10, thus the dredge pit was roughly ~6-7 m deep, similar to Caminada.
However, Sandy Point did not experience the differences between inside and outside stations like
Caminada experienced. Spring bottom water temperatures for both inside and outside Sandy
Point were similar, with inside temperatures ranging 22.5 to 22.6 °C and outside temperatures
ranging 22.9 to 23.1 °C in the spring. Bottom water temperatures increased in the summer, yet
were still similar between inside and outside stations, ranging 27.4 to 27.5 °C inside the pit and
somewhat warmer outside the pit ranging 28.9 to 29.0 °C. Bottom water salinities inside the pit
were slightly higher than outside stations, ranging from 34.6 to 34.8 inside and approximately
31.7 outside during spring. In contrast to Caminada, the salinities decreased in summer months,

at approximately 31.9 inside the pit, and outside the pit ranging 28.9 to 30.8. Based on spring
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CTD data, bottom dissolved O, concentrations of inside pit stations SP3 IN and SP5 IN were
1.79 to 2.81 mg O, L™, respectively, with SP3_IN being the only station to fall below hypoxia.
The outside stations SP11 and SP4 remained above hypoxia with concentrations of 2.36 and 4.92
mg O, L, respectively. SP11°s concentration overlapped with inside station concentrations,
further indicating possible similarities of inside and outside pit conditions. In summer, all
stations remained above hypoxia, with inside bottom water dissolved O, concentrations of 2.75
and 2.32 mg O, L for stations SP3_IN and SP5_IN, and outside stations SP11 and SP4 with
concentrations of 3.03 and 4.56 mg O, L™, respectively. Stations SP3_IN and SP11 increased in
dissolved O; from spring to summer. Summer dissolved O, concentrations for inside and out the
pit did not overlap, although outside station SP11 was close to inside station SP3 IN in O,
concentration.

Shelf station depths ranged from 16.0 to 19.1m, with an exception of D5, which is at
~33m water depth being the farthest offshore. In summer 2018, bottom water temperatures
ranged from 22.8 to 27.3 °C, D5 having the coolest and B5 having the warmest temperature. In
summer 2019, station C6 had the warmest temperature of all other hypoxic shelf stations, while
D5 consistently had the coolest temperature at 16.8 °C, with all stations ranging from 16.8 to
27.8 °C. Salinities for shelf stations in summer 2018 ranged from 35.5 to 36.3, with B5 having
the lowest and D5 having the highest salinity. In summer 2019 bottom water salinities were
overall lower than the previous year, ranging from 29.5 to 35.9, with C6 having the lowest and
D5 consistently having the highest salinity. Dissolved O, concentrations were hypoxic or near
hypoxic at shelf stations. In summer 2018, bottom water dissolved O, concentrations ranged

from 0.79 to 1.98 mg O, L', with D3 having the lowest and D5 having the highest dissolved O,.
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Summer 2019 reported wider ranges, from 0.44 to 3.92 mg O, L', with B5 having the lowest
and C6 having the highest dissolved O,.

Caminada inside pit stations showed similarities in bottom water temperature and
dissolved O, compared to hypoxic shelf stations in summer 2018. Temperatures in Caminada
ranged 26.6 to 26.7 °C while hypoxic shelf stations C6, B5, and D3 were similar but slightly
warmer, ranging 27.0 to 27.2 °C. Caminada outside stations even were warmer than shelf
stations, ranging 28.5 to 29.0 °C. Bottom water dissolved O, concentrations inside the pit (~1.4
mg O, L") fell within range of hypoxic shelf sites (0.79 to 1.98 mg O, L™), however dissolved
O, concentrations outside the pit (>3.5 mg O, L") were more saturated than all of the hypoxic
shelf sites. Sandy Point’s inside pit stations showed similarities in bottom water temperature,
salinity, and dissolved O, compared to hypoxic shelf stations in summer 2019, while the outside
pit stations varied compared to hypoxic shelf ranges. Temperatures inside the pit (~27.5 °C) fell
within range of the shelf stations C6, BS, and D3 (27.0-27.8 °C). Outside pit temperatures (~29
°C) were slightly warmer than the shelf stations. Salinity inside Sandy Point (31.9) fell within
range of hypoxic sites (29.5-35.9), while outside pit station salinities (~28.9-30.8) were slightly
lower, though did overlap with the hypoxic shelf range. Inside pit bottom dissolved O, (~2.32-
2.75 mg O, L) fell within range of the hypoxic shelf stations (0.44-3.92 O, L"), while outside
pit stations were slightly more oxygenated (3.03-4.56 mg O, L) and did overlap with the
hypoxic shelf range.

3.2. Measured sediment O, consumption rates
The sediment oxygen consumption rates were calculated from triplicate sediment core

incubation at each station. The rates are calculated for each individual core by assuming a linear
drop in O, concentration over time and reported as average of the three cores with an uncertainty

equal to its standard deviation. During spring, the sediment oxygen consumption at Caminada pit
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station CA2_IN was much higher compared to outside, ~5x the rate of outside stations (Fig. 2).
SOC rates for inside pit station CA2_IN averaged 51.80 +27.70 mmol m™ d' (higher variability
is due to a low rate of 26.5 mmol m™ d”' in one of the triplicate cores), while outside stations
CA8 and CA11l reported lower SOC rates of 10.84 + 3.02 and 6.27 + 1.19 mmol m™ d”,
respectively, averaging 8.55 + 3.23 mmol m™ d” (Zable 2). During summer incubations similar
to spring, the SOC rates were higher inside the pit, ~2x higher compared to outside stations. In
summer, SOC rate for inside station CA2 IN remained consistently high from spring with an
average rate of 51.28 + 5.73 mmol m” d”', and CA5_IN reported SOC at a rate of 43.14 £ 1.53
mmol m” d”', with an inside pit average of 47.21 + 5.83 mmol m™ d'. SOC rates of outside
stations in summer increased from spring, with station CA8 and CA11 consuming oxygen at a
rate of 23.91 £ 4.51 and 20.69 + 4.32 mmol m?> d”', respectively (Table 2).

The Sandy Point inside pit stations SP3 IN and SP5 IN consumed oxygen at rates of
23.71 + 4.77 and 26.81 + 5.27 mmol m™ d”', respectively, while outside pit stations SP4 and
SP11 had SOC rates of 24.98 + 5.83 and 30.93 + 1.12 mmol m™ d”, respectively, during spring.
During summer, inside stations SP3 _IN and SP5 IN consumed oxygen at rates of 34.30 £ 3.73
and 34.31 + 1.59 mmol m™ d”', respectively, averaging 34.31 + 2.56 mmol m™ d™'. Outside pit
stations SP4 and SP11 had SOC rates of 35.95 + 5.57 and 32.33 + 2.25 mmol m™ d’',
respectively, averaging 34.14 + 4.28 mmol m? d'. In general, the SOC rates increased from
spring to summer, but SOC rates for inside and outside stations did not greatly differ from each
other (Table 2, Fig. 2).

The shelf wide stations showed large spatial and temporal variability in SOC rates (Table
3). Each shelf station was found to have at least 1-2 sediment cores reach hypoxia by the end of

the incubation period. Dissolved O, concentrations for the hypoxic shelf were as low as 0.23 mg
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L in 2018 and as low as 0.22 mg L™ in 2019. Station C6 consistently had the lowest SOC rates
compared to all other sampling stations, with SOC rates of 25.67 + 1.05 mmol m™ d”' for spring,
and 27.02 + 3.14 and 31.08 + 7.13 mmol m? d"' for summer 2018 and summer 2019,
respectively (Fig. 3). The SOC rate at station BS was 58.95 =+ 3.41 mmol m? d”, which
decreased the following year to 32.46 + 10.36 mmol m™ d™. Station D3 consumed oxygen at a
rate of 37.64 + 4.96 mmol m™ d”', which increased the following year to 52.94 + 21.71 mmol m™
d'. Station D5 had a SOC rate of 55.65 + 24.55 mmol m™ d”, which slightly increased the
following year to 59.59 + 38.84 mmol m?d’ (high variability between all cores). All SOC rates
increased from the previous year with the exception of station B5, which decreased by ~ ' the

SOC rate from the previous year (Fig. 3).

3.3 Sediment TOC content
Caminada dredge pit had overall low organic matter outside of the pit compared to inside

stations. Inside station CAS5 IN had the highest organic matter content, at least 1% higher,
compared to any other station for both seasons. In spring 2018, the total average percentages for
stations CA2_IN, CA5 IN, CAS8, and CA11 were 0.26 £ 0.07, 1.51 £ 0.51, 0.06 £ 0.02, and 0.08
+ 0.01, respectively (Fig. 4a). In summer 2018, stations CA2 IN and CAS8 experienced decreases
in TOC, while stations CAS5_IN and CA11 experienced increases, with CAS5_IN having the most
notable increase of almost 1% from spring to summer. Sandy Point TOC fell within range of CA
stations, however, overall SP stations had higher TOC compared to CA. In the spring, stations
SP3 IN, SP5 IN, SP4, and SP11 had 2.22 £+ 0.04, 2.25 £ 0.12, 0.63 £ 0.28, and 1.13 + 0.28
%TOC, respectively. All stations experienced decreases in organic matter from spring to
summer, with the exception of station SP11 which experienced an increase of ~0.4 %TOC.

Inside stations SP3_IN and SP5_IN had similar %TOC, which was consistently higher compared
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to outside stations. In contrast, outside stations were lower in TOC, with SP4 consistently having
the lowest % TOC during both seasons.

In 2018, shelf station TOC content was within the range of Caminada’s inside and
outside stations, with stations C6, D3, and D5, averaging at 1.18 + 0.17, 0.65 £ 0.07, and 0.71 £
0.05, respectively (Fig. 4). Hypoxic shelf stations overall had higher %TOC compared to CA
stations, except CAS5_IN, which had the highest TOC content of all stations. In 2019, TOC at C6,
B5, D3, and D5 averaged 1.26 £ 0.42, 1.43 + 0.29, 0.41 £ 0.17, and 0.68 £ 0.03, respectively.
This data shows overall lower TOC in sediments in comparison to SP, with the exception of SP4
which had the lowest %TOC of all SP stations.

4. Discussion

4.1. Seasonal variability of dredge pit conditions
This study shows there was no significant difference in dredge pit SOC across different

seasons. Sampling at both dredge pits was designed around the high river discharge period which
fuels seasonal primary productivity and associated particulate organic carbon that fuels peak
hypoxic period in late summer (July/August), at which time the river is usually at a low
discharge period. Thus, our sampling seasons reflected SOC before the onset of peak hypoxia in
May and during the hypoxia period in August (Rabalais et al., 2001).” Sediment oxygen
consumption rates did vary among seasons and in most cases SOC increased from spring to
summer as expected, however no station from either dredge pit experienced significant seasonal
differences in SOC, with the exception of Caminada outside station CA11 (p = 0.039). The SOC
at station CA11 increased by factor of three (19 mmol O, m? d") from spring to summer. The
adjacent outside station CAS8 also demonstrated an increasing trend from spring to summer, but
the increase was not significant (p = 0.067). There was not enough data to determine seasonal

differences in Caminada inside station CAS5 IN, but SOC rates at the other inside station
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CA2 IN were similar between the two seasons (51 to 52 mmol O, m™ d) with bottom water
being consistently hypoxic from spring to summer. Overall, only outside station CA11 showed a
significant difference, whereas inside the pit there were no seasonal differences in SOC rates.
This is surprising given that no station experienced significant differences in sediment TOC
content between spring and summer, with the exception of inside station CAS5S IN (p = 0.009).
This points to the fact that SOC in sediment is a complex interplay between temperature,
quantity and quality of organic matter present in sediments, and bottom O, conditions, among
other factors. The observed increase in SOC (Fig. 2) outside the pit from spring to summer can
be partly attributed to the observed higher temperatures in summer at these sites compared to
spring, which promotes higher microbial activity (Lomas et al., 2002). The Mississippi River
discharge peaked in March 2018 and declined thereafter (S.7/), which is likely reflected by
concurrent increase in bottom water salinity changes between spring and summer (7able I).
Thus, the spring bloom associated with biological productivity from the river plume that supplies
fresh organic matter to the sediment may have a smaller impact on sediment organic matter
content in spring than in the summer, when the bloom is declining and hence supplying more
organic matter to the seafloor. The same factors should also impact the inside pit stations but that
is contrary to our data which shows no significant change in SOC inside the pit pointing to
possible influence of other lateral sources of sediment and organic matter to the pits. However,
the bottom water inside the pit was consistently low in dissolved O, from spring to summer,
suggesting that the inside of the pit is persistently stratified, leading to a hypoxic environment for
extended periods of time. This is not surprising as numerical studies carried out for Sandy Point
suggests 19% drop in current velocity over the dredge pit and lower bottom current inside the pit

ranging between 1-5 cm sec”, with lowest velocities in the deeper middle section of the pit
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(Chaichitehrani et al., 2018, 2019). This coupled with lower wave orbital velocity near the
dredge pit floors due to increased water depth can result in longer residence time of bottom water
inside the pit, leading to persistent hypoxic conditions even when SOC rates are not significantly
different from adjacent shelf. This persistently low O, condition inside pit bottom will lead to
very shallow O, penetration depth inside the sediments (Cai et al., 1996; Rowe et al., 2008;
Glud, 2008) resulting in more pronounced anaerobic respiration (Sorensen 1982; Lehrter et al.,
2012).

The SOC rates for Sandy Point also showed increasing trends from spring to summer,
but these increases were not significant. This scenario is different from Caminada, where there
was a seasonal difference outside the pit but not inside. The same factors mentioned above for
lack of significant seasonal variability inside the pit at CA is equally applicable for this site.
However, one important factor that can exert additional influence is the proximity of SP to
Mississippi River discharge. During our sampling season of 2019, the river discharge was high in
February, peaked in March, and finally began to decline in August after an unusually long period
of flood stage discharge (Fig. S1), thus Sandy Point could have been continuously influenced by
energetic currents and fresh organic matter over the course of both seasons. Salinities at all
stations were higher in spring compared to summer, supporting that the high freshwater influence
during spring continued until summer months. Temperatures at all stations warmed from spring
to summer, however temperatures between inside and outside stations were similar, differing
only 1.5 °C or less each season. Bottom water dissolved O, concentrations at inside station
SP5_IN and outside station SP4 decreased by ~0.5 mg L', while inside station SP3_IN and
outside station SP11 experienced increases from spring to summer by almost 1.0 mg L. All

stations experienced decreases in TOC content from spring to summer, with the exception of
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SP11 which increased, however, this increase was not significant due to variability. This increase
in TOC was unexpected due to SP11 having the smallest increase in SOC of ~1.5 mmol O, m>
d! between seasons, while all other stations increased at least 7 mmol O, m? d! or more
between seasons. Although inside stations SP3 IN and SP5 IN significantly decreased from
spring to summer (p = 0.0006 and p = 0.003, respectively), TOC inside the pit remained
substantial throughout both seasons. Similar to CA, increases in SOC along with decreases in
TOC between seasons rely on the factors of bottom water dissolved O, availability, temperature,
and substrate quality. In addition, the continuous freshwater river influence in 2019 provided
energetic currents and promoted a well-mixed water column at SP, contributing to the increased
TOC at station SP11 and allowing the inside stations to have high organic matter between
seasons.

The lack of seasonal differences reported in the dredge pits could be attributed to lateral
sources of sediment and organic matter through pit infilling, an important component to dredge
pit evolution and morphology (Obelcz et al., 2018; Robichaux et al., 2020). Constant infilling
from lateral sediment transport could lead to similarities reported between seasons, which can
occur just 1-2 months after dredging and continues until the pit is almost completely filled to
capacity (Obelcz, et al., 2018). In fact, during a three-year survey in Sandy Point, sediment
volume was found to be comprised of 90% far-filled sediment (Obelcz et al., 2018), highlighting
that lateral sediment sources play an important role in not only pit infilling and substrate type,
but also the biogeochemical processes. As a result, one of our main hypotheses, that SOC of
dredge pits would increase from spring to summer due to increased water column primary
production, organic matter accumulation and temperature is not observed, at least for the period

of this study.
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4.2. SOC variability between inside and outside pit environments
Seasonality did not widely affect dredge pit conditions, though we can further compare

the differences of SOC between inside and outside stations of Caminada and Sandy Point.
Caminada sediment oxygen consumption data demonstrated significant differences between
inside and outside stations. In spring, SOC rate of inside station CA2 IN was not significantly
higher than outside stations CA8 and CA11 (p = 0.113), probably due to an outlier replicate core
that was 2-fold lower that other two replicate cores, which when removed, shows that inside is
significantly different than outside (p = 0.0001). On average SOC rates in spring were 5-fold
higher inside the pit compared to outside, and similarly in summer, SOC rates were significantly
higher inside the pit than outside stations (p = 0.00001), by a factor of two. Sediment TOC
content was higher inside the pit compared to outside, but only station CA5 IN had significantly
higher TOC than outside stations in spring and summer (p = 0.003 and 0.00001, respectively).
The CA5_IN station also had higher TOC content than CA2 IN although both are located inside
the pit, suggesting variability in sediment TOC distribution inside the pit associated with the
topographical variability of the dredge pit seafloor. However, despite higher TOC content at
CAS5_IN, station CA2_IN had higher SOC rates. This points to the fact that SOC in sediment is
not just a function of sediment TOC content but other variables like bottom O, concentration and
efficiency of reoxidation of reduced species (Lehrter et al., 2012). Further, this complex
relationship suggests that other anaerobic processes could be driving organic matter
remineralization and O, consumption, such as nitrification, particularly ammonia oxidation
(Campbell et al., 2019; Pakulski et al., 2000; Nunnally et al., 2014), and oxidation of other
reduced species such as hydrogen sulfide oxidation (Brooks and Mahnken, 2003; Lee et al.,
2019). Hydrogen sulfide oxidation has been observed in previously studied dredge pits (Graca,

2009), as well as reduced iron and manganese oxidation (Lehrter et al., 2012; Jorgensen, 1982;
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Sampou and Oviatt, 1991; Aller et al., 1996; Jones et al., 2015). Overall, the larger differences
in SOC rates inside versus outside the pit does impact the overlying bottom water O, conditions.
The stations inside Caminada had consistently low O, compared to outside stations, about 2x
lower, suggesting that sluggish bottom water current coupled with high SOC inside the pit is
responsible for the persistent hypoxic conditions inside the pit (Johnston 1981; Nairn et al., 2004;
Flocks and Franze, 2002; Graca, 2009).

The sediment oxygen consumption rates at Sandy Point did not show statistically
significant differences between inside and outside stations. In spring, SOC inside and outside the
pit stations fell within the same range, with outside station SP11 having the highest SOC.
Similarly, summer SOC rates of inside and outside stations fell within the same range, with
outside station SP4 having the highest SOC. %TOC was significantly higher inside SP compared
to outside (p = 0.02), however, all SP stations were relatively higher in TOC than CA stations,
except CA5 IN. This is contrary to our expectations of higher SOC inside the pit driven by
higher organic matter accumulations, which differs from what was observed in CA. However,
closer comparisons of bottom O, variabilities inside versus outside the two different pits shows
interesting patterns. CA shows dramatic bottom O, differences inside versus outside, whereas SP
does not (Table 1). This suggests that SP, which has a much more energetic setting than CA,
replenishes bottom water at a faster rate. In fact, acoustic doppler velocity (ADV) based bottom
current velocities were found to be consistently higher inside Sandy point pit with respect to
Caminada pit (Bales et al., 2019).

Overall, inside CA stations had significantly higher (~2x higher) SOC rates than inside
SP stations for both spring and summer (p=0.04 and p=0.001, respectively). This does not

support one of our main hypotheses, that the mud-capped dredge pit Sandy Point will have
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higher SOC rates compared to the sandy dredge pit Caminada due to higher rates of organic
matter supply and less physical mixing, thus resulting in higher SOC rates. For the duration of
this study, it is likely that Caminada was less energetic and more stratified than Sandy Point as a
result of proximity to the Mississippi River delta, suggesting that prevailing physical processes
may play a more dominant role in determining dredge pit O, dynamics than sediment
biogeochemistry. Sandy Point dredge pit is located ~25km from the mouth of the Southwest
Pass, which is the main Mississippi river outflow and is influenced by clockwise gyre of the
Louisiana Blight which advects the river plume over this region (Walker et al., 1996; Obelcz et
al., 2018). In contrast the Caminada pit is located over 100 km from the river mouth and has a
weaker river plume influence, supporting a less energetic environment.

4.3. Shelf wide comparison
In order to have a broader understanding of the bottom water O, dynamics at CA and SP

on a regional scale, shelf wide sampling was carried out in summer to provide a baseline
comparison for our dredge pit data. The timing for shelf wide sampling coincided with the peak
hypoxia period reported to occur in June-August (Rabalais et al., 1999) and thus the SOC rates
can be considered an upper limit for the region. The spatial variability in SOC rates between the
four shelf stations ranged by a factor of two, likely due to differences in oceanographic settings.
However, the temporal variability in SOC rates between the two years at most stations is not
significantly different. Nevertheless, the 2018 average shelf wide SOC rates of 25.67 = 1.05 -
55.65 + 24.55 mmol m™? d”' in 2018 can be compared with CA, which was sampled in 2018,
while the 2019 average shelf wide SOC rates of 31.08  7.13 - 55.65 % 24.55 mmol m™ d”' can
be compared with SP, which was sampled in 2019. Our shelf wide SOC rates are similar to those

previously reported from this region which ranged from 1.9 — 21.9 mmol m” d” in months June-

August from 2003-2007 (Murrell & Lehrter, 2011), 2.5 — 24.5 mmol m™ d” in months June-
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August from 2006-2007 (Lehrter et al., 2012), 16.44 — 43.20 mmol m? d” in months May-
August in 2010-2011 (McCarthy et al., 2013), and 28.53 mmol m™ d”' in August 2015 (Ghaisas
et al., 2019). At CA, the SOC inside the pit was not significantly different from the hypoxic
shelf. This data suggests that inside CA is not significantly different from the shelf wide SOC
rates. SP stations did not show any significant differences compared to the shelf wide stations in
summer 2019. The SOC inside SP averaged 34.31 + 2.56 mmol m™ d”', while the average for all
shelf stations in summer 2019 was 42.60 + 20.83 mmol m™ d"'. Some hypoxia shelf stations
actually showed even higher rates than SP, for example the highest rate in summer 2019 was
station D5 at 59.59 + 38.44 mmol m™ d!, which is ~2 times higher than any of the rates from
Sandy Point in summer 2019. This difference in SOC between SP and shelf wide stations is
probably due to proximity of Sandy point to Mississippi river outflow. The comparisons between
the shelf stations and inside pit stations are further complicated by the fact that the dredge pits
acts a sediment traps for the region, receiving a larger fraction of the sediment and associated
organic matter not only from the primary productivity in the overlying water column but from
adjacent shelf due to wave-current induced transport as well as the Mississippi river and far field
sources during passage of fronts (Chaichiterani et al., 2019; Obelcz et al., 2018). Thus, the nature
of organic matter in the dredge pit sediments may not be similar to adjacent shelf, where the
SOC is driven by the sinking of fresh organic matter from the spring bloom (Fry et al., 2015;
Wang et al., 2018). The spring and summer sampling cruises in our study are also punctuated by
passage of tropical storms which also makes it difficult to access the processes influencing SOC.
We believe this to have a significant impact on the summer SOC rates at Sandy Point, where
sampling was carried out three weeks after passage of Hurricane Barry (category 1) and

anecdotal data points to greater than 1m thick layer of storm deposit inside the pit.
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Overall, our results suggest that SOC rates inside dredge pits are statistically similar to
observed shelf wide SOC rates despite persistently low bottom O, concentration recorded inside
the pits. This result is surprising as previous studies using static core incubations and benthic
chambers (Lehrter et al., 2012; Rowe et al., 2008), observed lower sediment oxygen
consumption coinciding with lower bottom-water oxygen concentration. In fact, in this study we
find a weak opposite trend (R* = 0.42; p = 0.0006) (Fig. S2) with high sediment oxygen
consumption coinciding with lower bottom-water oxygen concentration (Fig. 5). Bottom-water
temperature and sediment oxygen consumption also were not significantly related (p = 0.831),
suggesting that seasonal variability does not explain this relationship nor does this relation
change when comparing spring and summer values separately. Similar relationship between
bottom O, and SOC has been previously reported by McCarthy et al. (2013) from this region
using flow through core incubations, and they concluded that oxygen concentration may be
regarded as the dependent variable instead of assuming it be an independent variable affecting
sediment oxygen consumption (Murrell & Lehrter, 2011). Thus, SOC rates may be driven by
quantity and quality of sediment organic matter associated with various sources instead of
bottom O, concentration, which would explain the lack of variability seen in our current data.

Sediment oxygen consumption rates measured in this study were higher than or fell
within range of previous hypoxic NGOM shelf studies. From years 2003 to 2007, SOC rates
measured by Lehrter et al. (2012) and Murrell & Lehrter (2011) ranged from 1.3-23.3 mmol m™
d” during spring months (March-April), and 1.9-24.5 mmol m™ d"' during summer months
(June-September). In the following years of 2008-2011, SOC rates measured by McCarthy et al.
(2013) increased, ranging from 14.95-43.20 mmol m™ d”' during spring (May) and 9.94-26.09

mmol m? d”' during summer months (August-September). A more recent study by Ghaisas et al.
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(2019), measured SOC at station C6 to range from 27.03-28.53 mmol m? d’ during summer
(August) 2015, slightly higher than previous years. In this study, SOC rates on the hypoxic shelf
from 2018 to 2019 ranged higher than previous studies, from 25.67 to 59.59 mmol m™ d” in
summer. Seasonal hypoxia in this area has increased due to agricultural practices and increased
population growth (Bianchi et al., 2010; Scavia and Bricker, 2006; Rabalais and Turner, 2019),
which is evident from the trends in previous data.

5. Conclusion
This study provides the first efforts to report SOC data within NGOM dredge pits, and

also provide insight for future dredging operations which are expected to escalate in the next few
decades due to persistent coastal erosion and sea level rise. The contributions of this study are
especially crucial to the Louisiana shelf due to the regular occurrence of hypoxia every summer.
Thus, understanding the effects of post dredging on water quality on a regional scale is critical.
The two main drivers of hypoxia were seen to affect the Caminada dredge pit, where the
depressional pit was severely stratified and accumulated high organic matter, resulting in SOC
rates significantly higher than the adjacent outside region. However, from a regional perspective
these rates are similar to those observed in the shallow Louisiana shelf prone to seasonal
hypoxia, Conversely, Sandy Point dredge pit did not show any significant differences in SOC
compared to adjacent outside areas due to a more energetic environment, indicating that sluggish
water circulation inside pits along with enhanced trapping of organic matter plays an important
role in the observed low bottom water conditions inside dredge pits. Low oxygen conditions are
known to cause changes to benthic community composition, such as loss of fauna and
recolonization of faunal species that can withstand hypoxic conditions (Diaz and Rosenburg,
1995). Hypoxic conditions coupled with sediment disturbance from dredging could potentially

impact benthic communities in terms of infaunal abundance and diversity, recolonization of new
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species, or even loss of benthic species that may take several years to recover. (Byrnes et al.,
2004; Crowe et al., 2016). Benthic community shifts in relation to sediment disturbance have
been reported in recent years due from species associated to coarser grains to recolonization of
species new species associated with finer grains as a result in finer sediment trapping within
dredge pits (Crowe et al., 2016). Thus, biogeochemical changes associated with dredging
activities are likely to impact benthic ecology on decadal timescales.

In summary, our study suggests that SOC rates inside recently excavated dredge pits can
be similar to the surrounding shelf but can sustain for a longer period of time, which when
coupled with sluggish water circulation results in persistent low bottom O, conditions, well
beyond the duration of the seasonal hypoxia in this region. These conditions may have negative
impacts on the benthic communities inside these pits. This study provides valuable insight on the
impacts of dredge pits to surrounding hypoxia in this region which is critical as future dredging

operations are expected to increase worldwide with projected sea-level rise.
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Table 1. Summary of conditions at study sites. Months April-May are further referred to as
‘spring’ and July-September are referred as ‘summer’. Caminada is represented as “CA” and

Sandy Point is represented as “SP”

. Site Temp Bottom Bottom O,
Station Description Year Month Depth (m) °0) Salinity (mg L'l)

CA2 N InsidePit 2018 May 13.1 22.9 34.4 1.93
- July 12.9 26.6 34.8 1.46
CAS IN  Inside Pit 2018 May 13.1 23.1 34.0 1.43
- July 13.2 26.7 34.8 1.42
L May 7.0 25.5 22.9 6.88
CA8 ~ OutsidePit 2018 July 8.1 29.0 30.3 5.46
o May 7.0 245 27.9 6.71
CAll Outside Pit 2018 July 9.3 78 5 30.6 350
o May 17.3 225 34.8 1.79
SP3_IN' InsidePit 2019 o mber 16.7 275 31.9 275
- May 16.7 22.6 34.6 2.81
SPS_IN- Inside Pit 2019\ mber 16.5 27.4 31.9 232
. May 10.6 23.1 31.7 492
SP4  OutsidePit 2019 o e mber 10.8 28.9 28.9 4.56
. May 10.4 22.9 31.7 2.36
SPIT OQutsidePit 2019 g o ber 10.3 29.0 30.8 3.03
2018 August 19.1 253 36.0 1.29
C6 Shelf M April 19.2 24.7 35.2 6.02
July 19.0 27.8 29.5 3.92
2018 August 17.1 27.3 35.5 1.40
B5 Shelf 2019 July 18.0 27.0 32.9 0.44
2018 August 17.1 26.4 35.7 0.79
b3 Shelf 2019 July 16.0 27.0 31.6 2.60
2018 August 322 22.8 36.3 1.98
b3 Shelf 2019 July 33.8 22.5 35.9 2.10




Table 2. Summary of sediment oxygen consumption (SOC) calculated from sediment core
incubations for Caminada and Sandy Point dredge pit stations. A “-* sign indicates no data was
collected.

Average O, Consumption (mmol m?d™)

Dredge Pit Station
Spring Summer
CA2 IN 51.80 + 27.7 51.28 £+ 5.73
. CAS5 IN -+ - 4314 + 1.53
Caminada -
CAS8 10.84 + 3.02 2391 + 4.51
CAll 627 =+ 1.19 2069 + 4.32
SP3 IN 2371 + 4.77 3430 + 3.73
) SP5 IN 2681 + 5.27 3431 + 1.59
Sandy Point N
SP4 2498 £+ 5.83 3595 4+ 557
SP11 3093 + 1.12 3233 + 225



Table 3. Summary of SOC rates calculated from sediment core incubations for shelf stations.
Data are summarized by station and season.

Summer 2018 Summer 2019
Station SOC Rate (mmol m~d™) Station SOC Rate (mmol m?d™)
C6 25.67 + 1.05 Co6 31.08 + 7.13
B5 58.95 + 341 B5 32.46 + 10.36
D3 37.64 + 4.96 D3 52.94 + 21.71
D5 55.65 + 24.55 D5 59.59 - 38.44



Figure 1. Study area displaying Caminada (CA) and Sandy Point (SP) with triangles, and shelf
stations in circles (a), Caminada dredge pit including stations CA2 IN, CAS5 IN, CAS, and
CALl1 (b), and Sandy Point dredge pit including stations SP3_IN, SP5 IN, SP4, and SP11 (c).
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Figure 2. Comparison of SOC rates from Caminada and Sandy Point sediment core incubations.
Inside stations are displayed with a dotted pattern fill, and outside stations are displayed without
a pattern fill. “ND’ indicates no data was collected.
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Figure 3. SOC rates from sediment core incubations of shelf stations.
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Figure 4. Total organic carbon (TOC) from (a) Caminada and Sandy Point and (b) shelf sediment
cores. Inside pit stations are displayed with a dotted pattern fill. ‘ND’ indicates no data was

collected.
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Figure 5. Relationship of bottom water dissolved oxygen concentrations and sediment oxygen
consumption. Triangles indicate Caminada stations, squares indicate Sandy Point stations, and
circles indicate shelf baseline stations. Filled symbols represent inside pit data. Each symbol
represents the station average.
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Highlights

Offshore sand and mud dredging is being increasingly utilized to combat coastal erosion
and land loss worldwide.

Dredge pits in the northern Gulf of Mexico (NGOM) are found to have consistent low
oxygen or hypoxic conditions in comparison to the surrounding seafloor.

Sediment oxygen consumption inside NGOM dredge pits are found to be not
significantly different from surrounding hypoxia region during both summer and spring.
This is the first study from this region to investigate sediment biogeochemistry inside
dredge pits.
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