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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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 1 
The impact of recently excavated dredge pits on coastal hypoxia in the northern Gulf of 2 
Mexico shelf 3 
 4 
 5 
 6 
 7 

Abstract 8 
 9 

Large volumes of sand are needed in order to combat coastal land loss due to global sea-level 10 
rise for restoration of barrier island systems and beaches undergoing rapid erosion and 11 
submergence. The sediment required for such projects often originates from dredging of sand 12 
deposits on the adjacent shelf. Two dredge pits, with contrasting geology and located at varying 13 
distances from the Mississippi River Delta in the northern Gulf of Mexico shelf were sampled 14 
during spring and summer. Samples were also collected concurrently from surrounding 15 
continental shelf stations that are subject to seasonal hypoxia every summer. The bottom water 16 
dissolved O2 inside the dredge pits were found to be consistently hypoxic or near hypoxic 17 
throughout both seasons, with high sediment O2 consumption (SOC) rates of 51.8 to 23.7 mmol 18 
m-2 d-1 in spring and 51.3 to 34.3 mmol m-2 d-1 in summer. In contrast, control stations 19 
immediately outside the dredge pits showed lower SOC rates ranging between 6.3 to 35.9 mmol 20 
m-2 d-1. The SOC rates of the surrounding continental shelf subjected to annual seasonal hypoxia 21 
ranged between 25.7 to 59.6 mmol m-2 d-1 indicating that the dredge pits experienced similar 22 
high rates of SOC. Our results suggest that sluggish water circulation inside these topographic 23 
depressions coupled with higher SOC rates does result in persistent low bottom O2 conditions 24 
inside these dredge pits well beyond the duration of the seasonal hypoxia period in this region. 25 
This is the first study to provide insight on the impacts of dredge pits to surrounding hypoxia in 26 
this region which is critical as future dredging operations are expected to increase worldwide 27 
with projected sea-level rise. 28 
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1. Introduction  30 
The current global consumption of sand is 50 billion metric tons every year which poses 31 

a major sustainability challenge (UNEP, 2019). In coastal regions, sand is needed for beach 32 

nourishment which represents a widely used and rapidly expanding strategy to counter erosion 33 

and sea level rise (Finkl et al. 2006; Hanson 2002; Crowe et al., 2016).  Sand is also utilized for 34 

land reclamation projects and construction of coastal protection for storm surges. Sea level rise, 35 

local land subsidence, and dam construction have contributed to extensive land loss around the 36 

world (Syvitski et al., 2009; Wang et al., 2018).  The need for sand to replenish eroding beaches 37 

and land subsidence is a global issue which has led to increasing interest in sand mining on 38 

continental shelves. The sediment required for nourishment projects often originates from 39 

dredging of sand deposits on the shelf but the impact of such dredge pits and borrows on coastal 40 

water quality and ecology remains understudied. The rate of infilling of such dredge pits can be 41 

highly variable and can take from decades to hundreds of years to infill, depending on proximity 42 

to sediment source, transport, prevailing currents as well as pit geometry (Byrnes et al., 2004a,b; 43 

Crowe et al., 2016; Desprez, 2000; Jones et al., 2009). Even when completely infilled, these 44 

areas can continue dewatering and consolidation processes for a much longer time scale 45 

(Robichaux et al., 2020; Nairn et al., 2005). The biological recoveries may not occur for many 46 

years depending on the environmental conditions and the nature of the dredging impact (Crowe 47 

et al., 2016; Cooper et al., 2007; Williamson et al., 2006). Several countries in Europe, and parts 48 

of the United States have all undergone beach nourishment projects using dredged sediments in 49 

efforts to restore eroding coastlines (Wilber et al., 2003; Graca, 2009; Hanson et al., 2002; Xu et 50 

al., 2014). In United States, coastal Louisiana in northern Gulf of Mexico is currently 51 

experiencing one of the highest rates of land loss in the world due to both natural and human-52 

induced processes (Syvistki et al., 2009; DeLaune and White, 2012; Couvillion 2017; Sapkota 53 
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and White, 2019). The estimated land loss in this region since the 1930s is approximately 1,829 54 

square miles (Khalil et al., 2010; Barras et al., 2008). Louisiana’s barrier islands play a critical 55 

role in shoreline protection by reducing effects of storm surges, coastal flooding, and 56 

maintaining coastal basin wetlands and estuaries. In order to combat coastal erosion, dredged 57 

sediment from offshore areas on the northern Gulf of Mexico (NGOM) continental shelf are 58 

often excavated and supplied to deteriorating coastal beaches and wetlands (Palmer et al., 2008; 59 

Lui et al., 2018; Wang et al., 2018; Lui et al., 2020a,b).  60 

Offshore dredging results in deep depressions (up to ∼10m) on the northern Gulf of 61 

Mexico (NGOM) shelf, a shallow sloping area that extends 100 to 200 km from the coast 62 

(Roberts, 1997; Kulp et al., 2005) . These depressions, referred to as borrow areas or dredge pits, 63 

result in areas that are physically different from the surrounding environment (Palmer et al., 64 

2008). For example, dredge pits have been recorded to impact wave and current dynamics (Niu 65 

and Yu, 2011), change or cause loss of benthic community species composition (Palmer et al., 66 

2008), and induce hypoxic (low oxygen) or anoxic (no oxygen) conditions (Graca et al.,  2009 67 

and 2004, Sonders et al., 2014). Dredge pits are often associated with decreased current 68 

velocities (Chaichitehrani 2018) and can act as effective sediment traps with high organic matter 69 

accumulation (Graca et al., 2004; Obelcz et al., 2018; Robichaux et al., 2020), which has the 70 

potential to further intensify hypoxia formation. However, there are no studies in the U.S. that 71 

systematically investigate the sediment oxygen consumption or biogeochemical drivers of 72 

oxygen dynamics within dredge pits. 73 

Understanding the impacts of dredge pits to bottom water biogeochemistry are especially 74 

crucial due to the need for hundreds of millions of cubic meters of sediments for coastal and 75 

wetland restoration (Khalil et al., 2010). Sand is needed for beach nourishment, finer sands and 76 
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muddy sediments for wetland restoration, and clay for levee construction. In order to restore 77 

diminishing coastlines, repeated nourishment projects are often needed in order to combat 78 

erosion (Wilber et al., 2003). Thus, the need is likely to increase significantly in future decades 79 

as sea-level rise and storm intensity increases (Bird and Lewis, 2014; Zhang et al., 2004), leading 80 

to future excavation of many dredge pits in this region and elsewhere. Thus, it is imperative to 81 

better understand the impact of such dredge pits on inducing or exacerbating coastal hypoxia, a 82 

chronic water quality problem reported from over 400 areas worldwide, which are expected to 83 

intensify under future climate change scenarios (Rabalais and Turner, 2019).  This is especially 84 

relevant for our current study region, as the NGOM shelf is also subjected to seasonal hypoxia 85 

when dissolved O2 concentrations drop below 2 mg L-1. This hypoxic region, or “dead zone”, 86 

spans from Louisiana’s Bird Foot Delta to eastern regions of the Texas coastline. It has been 87 

reported as the second largest human-induced seasonal hypoxic zone in the world, spanning an 88 

area of 23,000 km2 (Rabalais and Turner, 2019). The well-known occurrence of hypoxia in the 89 

NGOM compels a better understanding of water quality and sediment oxygen dynamics within 90 

excavated dredge pits and the adjacent seafloor outside of the pit. However, sediment oxygen 91 

consumption (SOC) in dredge pits has not yet been reported in the United States. Thus, this study 92 

specifically investigates SOC rates from the recently excavated dredge pits in comparison to 93 

seasonal hypoxia zone. 94 

This study focuses on determining the potential differences in sediment oxygen 95 

consumption rates of two dredge pit sites and additional locations in the hypoxic region on 96 

Louisiana’s continental shelf. Two recently excavated dredge pits, Caminada and Sandy Point, 97 

their adjacent outside counterparts, as well as four surrounding sites located within the seasonal 98 

hypoxic zone are investigated in this study (Fig. 1). These two dredge pits have contrasting 99 
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qualities. They differ in (i) age since completion of dredging operations, (ii) proximity to the 100 

Mississippi River Delta, and (iii) substrate type (sandy vs. mud-capped). In the current study we 101 

compared these two dredge pits in addition to the seasonal hypoxic sites to test our driving 102 

hypotheses that (i) the dredge pits will have higher SOC rates, resulting in more intense hypoxic 103 

conditions, compared to adjacent regions outside of the pits and the surrounding hypoxic shelf 104 

stations, (ii) the mud-capped dredge pits will have higher SOC rates compared to sandy pits due 105 

to higher rates of organic matter supply and less physical mixing, thus resulting in higher SOC 106 

rates, and (iii) SOC of dredge pits sites will be higher in summer months compared to the earlier 107 

spring months due to organic matter accumulation from biological productivity and increased 108 

temperature. 109 

Thus, the main objectives of this study are to (i) provide a comprehensive understanding 110 

of the oxygen dynamics and SOC rates within dredge pits off the coast of Louisiana on a 111 

seasonal scale and (ii) compare the oxygen dynamics and SOC rates of dredge pits to the 112 

seasonal hypoxic zone that occurs every summer. Quantifying the magnitude of SOC rates from 113 

the dredge pit stations are needed to better understand the effects of human-induced dredging and 114 

the water quality conditions that may negatively affect marine life compared to other stations 115 

along the continental shelf.  116 

2. Materials & Methods 117 
2.1 Study area descriptions 118 
  Two recently excavated dredge pits, Caminada and Sandy Point, and four seasonal 119 

hypoxia sites (C6, B5, D3, and D5) located along the commonly used hypoxia transects (Fig. 1a) 120 

are the chosen sites for this study. Rabalais et al., (1999) illustrates the past usage and 121 

nomenclature of hypoxia sites for this study, and the hypoxia shelf transects, dating back to 122 

1985, are consistently used by various studies in the NGOM (Rabalais et al., 1999; McCarthy et 123 
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al.,  2013; Ghaisas et al., 2019; and others). Using these sites will allow a comprehensive 124 

comparison of the potential post-dredging effects in Caminada and Sandy Point to the hypoxic 125 

shelf stations. 126 

Caminada (CA) (Fig. 1b) was dredged in two increments from 2013-2016 as a part of the 127 

Caminada Beach and Dune Restoration Project. This site is a mixed-sediment dredge pit located 128 

on Ship Shoal, made up of previously existing sandy sediments combined with fine-grained 129 

bypassing mud sediments sourced from either from the Mississippi River or the Atchafalaya 130 

River. After a total volume of 9.07 million m3 of sediment was mined, the area of the Caminada 131 

dredge pit is approximately 6.3 km2, with depth ranging between 6-7 meters below the ambient 132 

seafloor (Liu et al., 2019). CA is presently infilling at a rate of 150 cm yr-1, or 27,480 m3 yr-1 133 

(Liu et al., 2018). This study focuses on two inside stations, CA2_IN (28°54.8324'N, 134 

90°37.2931'W)  and CA5_IN (28°54.7441'N, 90°36.6542'W), along with two outside stations, 135 

CA8 (28°54.9426'N, 90°37.7588'W) and CA11 (28°55.1721'N, 90°36.3052'W) . 136 

The Sandy Point (SP) (Fig. 1c) dredge pit, located on a paleo river channel, was 137 

excavated in 2012 to replenish Pelican Island, Louisiana. SP is ironically referred to as a mud-138 

capped dredge pit after near 1 million m3 of muddy overburden was removed in order to 139 

excavate over 2.7 million m3 of underlying sand for restoration (Chaichiterani et al., 2019). After 140 

a total of 3.7 million m3 of sand was mined (Sonders et al., 2014; Obelcz et al., 2018), the area of 141 

the SP dredge pit is approximately 0.37 km2 (Sonders et al., 2014). SP has been recorded to 142 

accumulate sediment at an average rate of 54 cm yr-1 and is predicted to completely infill within 143 

∼15 years (Obelcz et al., 2018).  The major sources of sediment for these dredge pits are: (i) 144 

reworked and resuspended sediment in shallow coastal waters due to wave-current interaction, 145 

(ii) sediment flux from the Mississippi River and (iii) sediment advected during the frontal 146 
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passage (Chaichiterani et al., 2019; Obelcz et al., 2018). In correspondence with CA, this study 147 

investigates two inside stations, SP3_IN (29°06.246' N, 89°30.577' W) and SP5_IN (29°05.9142' 148 

N, 89°30.607' W), along with two outside stations, SP4 (29°06.189' N, 89°30.919' W) and SP11 149 

(29°07.788' N, 89°31.350' W).  150 

 151 
 152 
2.2. Sample collection  153 

Sediment cores were collected in spring (April-May) and summer months (July-154 

September) from Caminada (CA) dredge pit in 2018 and Sandy Point (SP) dredge pit in 2019 155 

using R/V Coastal Profiler and R/V Acadiana. Samples were collected from two locations inside 156 

each dredge pit designated as CA2_IN, CA5_IN and SP3_IN, SP5_IN for Caminada and Sandy 157 

Point. Two outside stations designated as CA8, CA11 and SP4, SP11 were also sampled at the 158 

same time, adjacent to Caminada and Sandy Point dredge pits respectively. Intact sediment cores 159 

were collected in triplicate from each station using an Ocean Instruments MC400 multi-corer. 160 

The only exception was Caminada dredge pit in which the multi-corer failed to collect samples, 161 

due to the coarse substrate;  and a box corer was used in its place. The same 10cm diameter 162 

polycarbonate core tubes used in the multi-corer were used to subsample the box corer. For shelf 163 

wide stations, intact sediment cores were collected onboard the R/V Pelican in summer 2018 164 

(August) and 2019 (July) from Louisiana continental shelf stations C6, B5, D3, and D5 using the 165 

multi-corer.  At every station an additional core was collected and analyzed for total organic 166 

carbon (%TOC) content at 1-2 cm depth intervals. Filtered (1µm) bottom water samples were 167 

also collected at each station for use in sediment core incubation experiments. Bottom water 168 

parameters for depth, temperature, salinity, and dissolved O2 at each station were measured using 169 

a Seabird HydroCAT-EP. 170 

2.3. Sediment oxygen consumption measurements 171 
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Temperature-controlled recirculating water baths adjusted to the bottom water 172 

temperature were used for all incubation experiments. Filtered bottom water was used to 173 

gradually fill up the core tube with minimum disturbance to the sediment-water interface. The 174 

overlying water column height was adjusted between 20-25 cm from the sediment surface to 175 

ensure similar water column volume among all cores using custom PVC core caps. Care was 176 

taken to avoid any visible air bubbles or headspace. The custom designed lids are fitted with two 177 

O-rings for gas-tight incubations, and include one tube attachment for the corresponding water 178 

reservoir, one tube attachment for sample extraction, and two tube attachments that connect to 179 

each other in a peristaltic pump, allowing continuous flow and circulation in the core for the 180 

entire duration of the incubation (Upreti et al., 2019; Ghaisas et al., 2019). Sediment cores were 181 

fully submerged into the temperature-controlled water bath, and reservoir tanks along with the 182 

incubation water bath were covered with an opaque shroud to ensure no primary production. The 183 

incubation was terminated when dissolved O2 in the cores fell below 1.0 mg L-1.  184 

To obtain oxygen concentrations, water samples were extracted from the cores every 4-6 185 

hours in Labco septa vials, in which water was allowed to overflow the vial before capping 186 

(Upreti et al., 2019). Gravity-driven water replenishment from the reservoir allowed the 187 

simultaneous collection of water samples and water refill within the core without any 188 

introduction of O2 (Hopkinson et al., 1999; Upreti et al., 2019). Approximately 10 mL of the 189 

“dead water” in the tubing was released at each time interval before collecting samples. Once 190 

water samples were taken for each core, they were immediately measured for O2 concentration 191 

using a Presens Microx 4 O2 sensor. The changes in concentration over time were plotted to 192 

calculate the flux of O2 into the sediment, or the SOC rate after appropriate volume correction. 193 
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Only data points with dissolved O2 concentration greater than 1.0 mg L-1 was used for flux 194 

calculation to maintain consistency among cores with different rates of SOC. 195 

 196 
2.4. Total organic carbon (TOC) analysis 197 

Total organic carbon analysis (TOC) of the top 10 cm was conducted after sediment was 198 

subsampled, weighed, and dried at 50 °C. Dried sediment samples were ground using a 199 

traditional mortar and pestle and homogenized using a 125 µm sieve. Samples were weighed into 200 

open Costech silver capsules and placed in a vacuum glass desiccator alongside the fumigation 201 

of 12N hydrochloric acid (HCl) for 12 hours to remove inorganic carbon (Hedges et al., 1984; 202 

Hedges and Stern 1984). Samples were then repacked into tin capsules to ensure no loss of 203 

sample and analyzed in Costech 1040 CHNOS Elemental Combustion system following the 204 

standard EPA method 440.0 (Zimmerman et al., 1997). 205 

2.5. Statistical analysis  206 
 Differences in SOC were analyzed using a two-way T-test of equal variance between 207 

inside pit, outside pit, and shelf stations. Similarly, differences in SOC were compared 208 

seasonally using a two-way paired T-test for individual sites. A Pearson correlation test was used 209 

to test the linear correlation of SOC rate with observed temperatures and bottom water dissolved 210 

O2. Data reported in this study is presented in the mean ± standard deviation format with 211 

parenthesized p values if associated with any statistical references. 212 

3. Results 213 
3.1 General water chemistry 214 

Caminada depth inside the pit was ∼13 m from the surface water with an outside ambient 215 

depth of ∼7-8 m, thus the dredge pit was roughly 6 m deep. Spring bottom water temperatures 216 

for Caminada were warmer outside the pit, ranging from 24.5 to 25.5 °C, compared to cooler 217 

temperatures inside the pit, ranging from 22.9 to 23.1 °C (Table 1). Bottom water temperatures 218 

increased in summer, however, similarly, the temperatures were warmer outside the pit ranging 219 
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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, 220 

the bottom water salinity in Caminada was notably higher inside the pit compared to outside the 221 

pit, ranging 34.0 to 34.4 inside and only 22.9 to 27.9 outside. Salinities slightly increased in the 222 

summer season, reporting approximately 34.8 inside the pit and ranging 30.3 to 30.6 outside the 223 

pit, and still the salinity inside the pit was higher than outside. Based on CTD data, bottom water 224 

concentrations for Caminada remained hypoxic year-round at both inside stations CA5_IN and 225 

CA2_IN, at 1.43 and 1.93 mg O2 L-1 in spring, with a slight decrease in summer to 1.42 and 1.46 226 

mg O2 L-1, respectively. In contrast, both outside pit stations CA11 and CA8 remained above 2 227 

mg O2 L-1 year-round, at 6.71 and 6.88 mg O2 L-1 in spring, with a decrease in summer to 3.50 228 

and 5.46 mg O2 L-1, respectively. The dissolved O2 concentration outside the pit was 4x higher 229 

than the inside concentration in spring, and over 2x the dissolved O2 concentration in summer 230 

(Table 1). 231 

 Sandy Point depth inside the pit was ∼17 m from the surface water and an outside 232 

ambient depth of ∼10, thus the dredge pit was roughly ∼6-7 m deep, similar to Caminada. 233 

However, Sandy Point did not experience the differences between inside and outside stations like 234 

Caminada experienced.  Spring bottom water temperatures for both inside and outside Sandy 235 

Point were similar, with inside temperatures ranging 22.5 to 22.6 °C and outside temperatures 236 

ranging 22.9 to 23.1 °C in the spring. Bottom water temperatures increased in the summer, yet 237 

were still similar between inside and outside stations, ranging 27.4 to 27.5 °C inside the pit and 238 

somewhat warmer outside the pit ranging 28.9 to 29.0 °C. Bottom water salinities inside the pit 239 

were slightly higher than outside stations, ranging from 34.6 to 34.8 inside and approximately 240 

31.7 outside during spring. In contrast to Caminada, the salinities decreased in summer months, 241 

at approximately 31.9 inside the pit, and outside the pit ranging 28.9 to 30.8. Based on spring 242 
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CTD data, bottom dissolved O2 concentrations of inside pit stations SP3_IN and SP5_IN were 243 

1.79 to 2.81 mg O2 L-1, respectively, with SP3_IN being the only station to fall below hypoxia. 244 

The outside stations SP11 and SP4 remained above hypoxia with concentrations of 2.36 and 4.92 245 

mg O2 L-1, respectively. SP11’s concentration overlapped with inside station concentrations, 246 

further indicating possible similarities of inside and outside pit conditions. In summer, all 247 

stations remained above hypoxia, with inside bottom water dissolved O2 concentrations of 2.75 248 

and 2.32 mg O2 L-1 for stations SP3_IN and SP5_IN, and outside stations SP11 and SP4 with 249 

concentrations of 3.03 and 4.56 mg O2 L-1, respectively. Stations SP3_IN and SP11 increased in 250 

dissolved O2 from spring to summer.  Summer dissolved O2 concentrations for inside and out the 251 

pit did not overlap, although outside station SP11 was close to inside station SP3_IN in O2 252 

concentration. 253 

Shelf station depths ranged from 16.0 to 19.1m, with an exception of D5, which is at 254 

∼33m water depth being the farthest offshore. In summer 2018, bottom water temperatures 255 

ranged from 22.8 to 27.3 °C, D5 having the coolest and B5 having the warmest temperature. In 256 

summer 2019, station C6 had the warmest temperature of all other hypoxic shelf stations, while 257 

D5 consistently had the coolest temperature at 16.8 °C, with all stations ranging from 16.8 to 258 

27.8 °C. Salinities for shelf stations in summer 2018 ranged from 35.5 to 36.3, with B5 having 259 

the lowest and D5 having the highest salinity. In summer 2019 bottom water salinities were 260 

overall lower than the previous year, ranging from 29.5 to 35.9, with C6 having the lowest and 261 

D5 consistently having the highest salinity. Dissolved O2 concentrations were hypoxic or near 262 

hypoxic at shelf stations. In summer 2018, bottom water dissolved O2 concentrations ranged 263 

from 0.79 to 1.98 mg O2 L-1, with D3 having the lowest and D5 having the highest dissolved O2. 264 
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Summer 2019 reported wider ranges, from 0.44 to 3.92 mg O2 L-1, with B5 having the lowest 265 

and C6 having the highest dissolved O2.  266 

Caminada inside pit stations showed similarities in bottom water temperature and 267 

dissolved O2 compared to hypoxic shelf stations in summer 2018. Temperatures in Caminada 268 

ranged 26.6 to 26.7 °C while hypoxic shelf stations C6, B5, and D3 were similar but slightly 269 

warmer, ranging 27.0 to 27.2 °C. Caminada outside stations even were warmer than shelf 270 

stations, ranging 28.5 to 29.0 °C. Bottom water dissolved O2 concentrations inside the pit (∼1.4 271 

mg O2 L-1)  fell within range of hypoxic shelf sites (0.79 to 1.98 mg O2 L-1), however dissolved 272 

O2 concentrations outside the pit (>3.5  mg O2 L-1) were more saturated than all of the hypoxic 273 

shelf sites. Sandy Point’s inside pit stations showed similarities in bottom water temperature, 274 

salinity, and dissolved O2 compared to hypoxic shelf stations in summer 2019, while the outside 275 

pit stations varied compared to hypoxic shelf ranges. Temperatures inside the pit (∼27.5 °C) fell 276 

within range of the shelf stations C6, B5, and D3 (27.0-27.8  °C). Outside pit temperatures (∼29 277 

°C) were slightly warmer than the shelf stations. Salinity inside Sandy Point (31.9) fell within 278 

range of hypoxic sites (29.5-35.9), while outside pit station salinities (∼28.9-30.8) were slightly 279 

lower, though did overlap with the hypoxic shelf range. Inside pit bottom dissolved O2 (∼2.32-280 

2.75 mg O2 L-1) fell within range of the hypoxic shelf stations (0.44-3.92 O2 L-1), while outside 281 

pit stations were slightly more oxygenated (3.03-4.56 mg O2 L-1) and did overlap with the 282 

hypoxic shelf range. 283 

3.2. Measured sediment O2 consumption rates 284 
 The sediment oxygen consumption rates were calculated from triplicate sediment core 285 

incubation at each station. The rates are calculated for each individual core by assuming a linear 286 

drop in O2 concentration over time and reported as average of the three cores with an uncertainty 287 

equal to its standard deviation. During spring, the sediment oxygen consumption at Caminada pit 288 
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station CA2_IN was much higher compared to outside, ∼5x the rate of outside stations (Fig. 2).  289 

SOC rates for inside pit station CA2_IN averaged 51.80 ± 27.70 mmol m-2 d-1 (higher variability 290 

is due to a low rate of 26.5 mmol m-2 d-1 in one of the triplicate cores), while outside stations 291 

CA8 and CA11 reported lower SOC rates of 10.84 ± 3.02 and  6.27 ± 1.19 mmol m-2 d-1, 292 

respectively, averaging 8.55 ± 3.23 mmol m-2 d-1 (Table 2). During summer incubations similar 293 

to spring, the SOC rates were higher inside the pit, ∼2x higher compared to outside stations.  In 294 

summer, SOC rate for inside station CA2_IN remained consistently high from spring with an 295 

average rate of 51.28 ± 5.73 mmol m-2 d-1, and CA5_IN reported SOC at a rate of 43.14 ± 1.53 296 

mmol m-2 d-1, with an inside pit average of 47.21 ± 5.83 mmol m-2 d-1. SOC rates of outside 297 

stations in summer increased from spring, with station CA8 and CA11 consuming oxygen at a 298 

rate of 23.91 ± 4.51 and 20.69 ± 4.32 mmol m-2 d-1, respectively (Table 2). 299 

The Sandy Point inside pit stations SP3_IN and SP5_IN consumed oxygen at rates of 300 

23.71 ± 4.77 and 26.81 ± 5.27 mmol m-2 d-1, respectively, while outside pit stations SP4 and 301 

SP11 had SOC rates of 24.98 ± 5.83 and 30.93 ± 1.12 mmol m-2 d-1, respectively, during spring. 302 

During summer, inside stations SP3_IN and SP5_IN consumed oxygen at rates of 34.30 ± 3.73 303 

and 34.31 ± 1.59 mmol m-2 d-1, respectively, averaging 34.31 ± 2.56 mmol m-2 d-1. Outside pit 304 

stations SP4 and SP11 had SOC rates of 35.95 ± 5.57 and 32.33 ± 2.25 mmol m-2 d-1, 305 

respectively, averaging 34.14 ± 4.28 mmol m-2 d-1. In general, the SOC rates increased from 306 

spring to summer, but SOC rates for inside and outside stations did not greatly differ from each 307 

other (Table 2, Fig. 2). 308 

The shelf wide stations showed large spatial and temporal variability in SOC rates (Table 309 

3). Each shelf station was found to have at least 1-2 sediment cores reach hypoxia by the end of 310 

the incubation period. Dissolved O2 concentrations for the hypoxic shelf were as low as 0.23 mg 311 
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L-1 in 2018 and as low as 0.22 mg L-1 in 2019. Station C6 consistently had the lowest SOC rates 312 

compared to all other sampling stations, with SOC rates of 25.67 ± 1.05 mmol m-2 d-1 for spring, 313 

and 27.02 ± 3.14 and 31.08 ± 7.13 mmol m-2 d-1 for summer 2018 and summer 2019, 314 

respectively (Fig. 3). The SOC rate at station B5 was 58.95  ± 3.41 mmol m-2 d-1, which 315 

decreased the following year to 32.46 ± 10.36 mmol m-2 d-1. Station D3 consumed oxygen at a 316 

rate of 37.64 ± 4.96 mmol m-2 d-1, which increased the following year to 52.94 ± 21.71 mmol m-2 317 

d-1. Station D5 had a SOC rate of 55.65 ± 24.55 mmol m-2 d-1, which slightly increased the 318 

following year to 59.59 ± 38.84 mmol m-2 d-1 (high variability between all cores). All SOC rates 319 

increased from the previous year with the exception of station B5, which decreased by ∼ ½ the 320 

SOC rate from the previous year (Fig. 3). 321 

3.3 Sediment TOC content 322 
 Caminada dredge pit had overall low organic matter outside of the pit compared to inside 323 

stations. Inside station CA5_IN had the highest organic matter content, at least 1% higher, 324 

compared to any other station for both seasons. In spring 2018, the total average percentages for 325 

stations CA2_IN, CA5_IN, CA8, and CA11 were 0.26 ± 0.07, 1.51 ± 0.51, 0.06 ± 0.02, and 0.08 326 

± 0.01, respectively (Fig. 4a). In summer 2018, stations CA2_IN and CA8 experienced decreases 327 

in TOC, while stations CA5_IN and CA11 experienced increases, with CA5_IN having the most 328 

notable increase of almost 1% from spring to summer. Sandy Point TOC fell within range of CA 329 

stations, however, overall SP stations had higher TOC compared to CA. In the spring, stations 330 

SP3_IN, SP5_IN, SP4, and SP11 had 2.22 ± 0.04, 2.25 ± 0.12, 0.63 ± 0.28, and 1.13 ± 0.28 331 

%TOC, respectively. All stations experienced decreases in organic matter from spring to 332 

summer, with the exception of station SP11 which experienced an increase of ∼0.4 %TOC. 333 

Inside stations SP3_IN and SP5_IN had similar %TOC, which was consistently higher compared 334 
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to outside stations. In contrast, outside stations were lower in TOC, with SP4 consistently having 335 

the lowest %TOC during both seasons. 336 

 In 2018, shelf station TOC content was within the range of Caminada’s inside and 337 

outside stations, with stations C6, D3, and D5, averaging at 1.18 ± 0.17, 0.65 ± 0.07, and 0.71 ± 338 

0.05, respectively (Fig. 4). Hypoxic shelf stations overall had higher %TOC compared to CA 339 

stations, except CA5_IN, which had the highest TOC content of all stations. In 2019, TOC at C6, 340 

B5, D3, and D5 averaged 1.26 ± 0.42, 1.43 ± 0.29, 0.41 ± 0.17, and 0.68 ± 0.03, respectively. 341 

This data shows overall lower TOC in sediments in comparison to SP, with the exception of SP4 342 

which had the lowest %TOC of all SP stations. 343 

4. Discussion 344 
 345 
4.1. Seasonal variability of dredge pit conditions 346 

This study shows there was no significant difference in dredge pit SOC across different 347 

seasons. Sampling at both dredge pits was designed around the high river discharge period which 348 

fuels seasonal primary productivity and associated particulate organic carbon that fuels peak 349 

hypoxic period in late summer (July/August), at which time the river is usually at a low 350 

discharge period. Thus, our sampling seasons reflected SOC before the onset of peak hypoxia in 351 

May and during the hypoxia period in August (Rabalais et al., 2001).” Sediment oxygen 352 

consumption rates did vary among seasons and in most cases SOC increased from spring to 353 

summer as expected, however no station from either dredge pit experienced significant seasonal 354 

differences in SOC, with the exception of Caminada outside station CA11 (p = 0.039). The SOC 355 

at station CA11 increased by factor of three (19 mmol O2 m-2 d-1) from spring to summer. The 356 

adjacent outside station CA8 also demonstrated an increasing trend from spring to summer, but 357 

the increase was not significant (p = 0.067). There was not enough data to determine seasonal 358 

differences in Caminada inside station CA5_IN, but SOC rates at the other inside station 359 
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CA2_IN were similar between the two seasons (51 to 52 mmol O2 m-2 d-1) with bottom water 360 

being consistently hypoxic from spring to summer. Overall, only outside station CA11 showed a 361 

significant difference, whereas inside the pit there were no seasonal differences in SOC rates. 362 

This is surprising given that no station experienced significant differences in sediment TOC 363 

content between spring and summer, with the exception of inside station CA5_IN (p = 0.009). 364 

This points to the fact that SOC in sediment is a complex interplay between temperature, 365 

quantity and quality of organic matter present in sediments, and bottom O2 conditions, among 366 

other factors. The observed increase in SOC (Fig. 2) outside the pit from spring to summer can 367 

be partly attributed to the observed higher temperatures in summer at these sites compared to 368 

spring, which promotes higher microbial activity (Lomas et al., 2002). The Mississippi River 369 

discharge peaked in March 2018 and declined thereafter (S.1), which is likely reflected by 370 

concurrent increase in bottom water salinity changes between spring and summer (Table 1). 371 

Thus, the spring bloom associated with biological productivity from the river plume that supplies 372 

fresh organic matter to the sediment may have a smaller impact on sediment organic matter 373 

content in spring than in the summer, when the bloom is declining and hence supplying more 374 

organic matter to the seafloor. The same factors should also impact the inside pit stations but that 375 

is contrary to our data which shows no significant change in SOC inside the pit pointing to 376 

possible influence of other lateral sources of sediment and organic matter to the pits. However, 377 

the bottom water inside the pit was consistently low in dissolved O2 from spring to summer, 378 

suggesting that the inside of the pit is persistently stratified, leading to a hypoxic environment for 379 

extended periods of time. This is not surprising as numerical studies carried out for Sandy Point 380 

suggests 19% drop in current velocity over the dredge pit and lower bottom current inside the pit 381 

ranging between 1-5 cm sec-1, with lowest velocities in the deeper middle section of the pit 382 
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(Chaichitehrani et al., 2018, 2019).  This coupled with lower wave orbital velocity near the 383 

dredge pit floors due to increased water depth can result in longer residence time of bottom water 384 

inside the pit, leading to persistent hypoxic conditions even when SOC rates are not significantly 385 

different from adjacent shelf.   This persistently low O2 condition inside pit bottom will lead to 386 

very shallow O2 penetration depth inside the sediments (Cai et al., 1996; Rowe et al., 2008; 387 

Glud, 2008) resulting in more pronounced anaerobic respiration (Sorensen 1982; Lehrter et al., 388 

2012).  389 

 The SOC rates for Sandy Point also showed increasing trends from spring to summer, 390 

but these increases were not significant. This scenario is different from Caminada, where there 391 

was a seasonal difference outside the pit but not inside. The same factors mentioned above for 392 

lack of significant seasonal variability inside the pit at CA is equally applicable for this site. 393 

However, one important factor that can exert additional influence is the proximity of SP to 394 

Mississippi River discharge. During our sampling season of 2019, the river discharge was high in 395 

February, peaked in March, and finally began to decline in August after an unusually long period 396 

of flood stage discharge (Fig. S1), thus Sandy Point could have been continuously influenced by 397 

energetic currents and fresh organic matter over the course of both seasons. Salinities at all 398 

stations were higher in spring compared to summer, supporting that the high freshwater influence 399 

during spring continued until summer months. Temperatures at all stations warmed from spring 400 

to summer, however temperatures between inside and outside stations were similar, differing 401 

only 1.5 °C or less each season. Bottom water dissolved O2 concentrations at inside station 402 

SP5_IN and outside station SP4 decreased by ∼0.5 mg L-1, while inside station SP3_IN and 403 

outside station SP11 experienced increases from spring to summer by almost 1.0 mg L-1. All 404 

stations experienced decreases in TOC content from spring to summer, with the exception of 405 
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SP11 which increased, however, this increase was not significant due to variability. This increase 406 

in TOC was unexpected due to SP11 having the smallest increase in SOC of ∼1.5 mmol O2 m-2 407 

d-1 between seasons, while all other stations increased at least 7 mmol O2 m-2 d-1 or more 408 

between seasons. Although inside stations SP3_IN and SP5_IN significantly decreased from 409 

spring to summer (p = 0.0006 and p = 0.003, respectively), TOC inside the pit remained 410 

substantial throughout both seasons. Similar to CA, increases in SOC along with decreases in 411 

TOC between seasons rely on the factors of bottom water dissolved O2 availability, temperature, 412 

and substrate quality. In addition, the continuous freshwater river influence in 2019 provided 413 

energetic currents and promoted a well-mixed water column at SP, contributing to the increased 414 

TOC at station SP11 and allowing the inside stations to have high organic matter between 415 

seasons. 416 

The lack of seasonal differences reported in the dredge pits could be attributed to lateral 417 

sources of sediment and organic matter through pit infilling, an important component to dredge 418 

pit evolution and morphology (Obelcz et al., 2018; Robichaux et al., 2020). Constant infilling 419 

from lateral sediment transport could lead to similarities reported between seasons, which can 420 

occur just 1-2 months after dredging and continues until the pit is almost completely filled to 421 

capacity (Obelcz, et al., 2018). In fact, during a three-year survey in Sandy Point, sediment 422 

volume was found to be comprised of 90% far-filled sediment (Obelcz et al., 2018), highlighting 423 

that lateral sediment sources play an important role in not only pit infilling and substrate type, 424 

but also the biogeochemical processes. As a result, one of our main hypotheses, that SOC of 425 

dredge pits would increase from spring to summer due to increased water column primary 426 

production, organic matter accumulation and temperature is not observed, at least for the period 427 

of this study.  428 
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4.2. SOC variability between inside and outside pit environments 429 
 Seasonality did not widely affect dredge pit conditions, though we can further compare 430 

the differences of SOC between inside and outside stations of Caminada and Sandy Point. 431 

Caminada sediment oxygen consumption data demonstrated significant differences between 432 

inside and outside stations. In spring, SOC rate of inside station CA2_IN was not significantly 433 

higher than outside stations CA8 and CA11 (p = 0.113), probably due to an outlier replicate core 434 

that was 2-fold lower that other two replicate cores, which when removed, shows that inside is 435 

significantly different than outside (p = 0.0001). On average SOC rates in spring were 5-fold 436 

higher inside the pit compared to outside, and similarly in summer, SOC rates were significantly 437 

higher inside the pit than outside stations (p = 0.00001), by a factor of two.  Sediment TOC 438 

content was higher inside the pit compared to outside, but only station CA5_IN had significantly 439 

higher TOC than outside stations in spring and summer (p = 0.003 and 0.00001, respectively). 440 

The CA5_IN station also had higher TOC content than CA2_IN although both are located inside 441 

the pit, suggesting variability in sediment TOC distribution inside the pit associated with the 442 

topographical variability of the dredge pit seafloor. However, despite higher TOC content at 443 

CA5_IN, station CA2_IN had higher SOC rates. This points to the fact that SOC in sediment is 444 

not just a function of sediment TOC content but other variables like bottom O2 concentration and 445 

efficiency of reoxidation of reduced species (Lehrter et al., 2012). Further, this complex 446 

relationship suggests that other anaerobic processes could be driving organic matter 447 

remineralization and O2 consumption, such as nitrification, particularly ammonia oxidation 448 

(Campbell et al., 2019;  Pakulski et al., 2000; Nunnally et al., 2014), and oxidation of other 449 

reduced species such as hydrogen sulfide oxidation (Brooks and Mahnken, 2003; Lee et al., 450 

2019). Hydrogen sulfide oxidation has been observed in previously studied dredge pits (Graca, 451 

2009), as well as reduced iron and manganese oxidation (Lehrter et al., 2012; Jorgensen, 1982; 452 
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Sampou and Oviatt, 1991; Aller et  al., 1996; Jones et al., 2015). Overall, the larger differences 453 

in SOC rates inside versus outside the pit does impact the overlying bottom water O2 conditions. 454 

The stations inside Caminada had consistently low O2 compared to outside stations, about 2x 455 

lower, suggesting that sluggish bottom water current coupled with high SOC inside the pit is 456 

responsible for the persistent hypoxic conditions inside the pit (Johnston 1981; Nairn et al., 2004; 457 

Flocks and Franze, 2002; Graca, 2009). 458 

 The sediment oxygen consumption rates at Sandy Point did not show statistically 459 

significant differences between inside and outside stations. In spring, SOC inside and outside the 460 

pit stations fell within the same range, with outside station SP11 having the highest SOC. 461 

Similarly, summer SOC rates of inside and outside stations fell within the same range, with 462 

outside station SP4 having the highest SOC. %TOC was significantly higher inside SP compared 463 

to outside (p = 0.02), however, all SP stations were relatively higher in TOC than CA stations, 464 

except CA5_IN. This is contrary to our expectations of higher SOC inside the pit driven by 465 

higher organic matter accumulations, which differs from what was observed in CA. However, 466 

closer comparisons of bottom O2 variabilities inside versus outside the two different pits shows 467 

interesting patterns. CA shows dramatic bottom O2 differences inside versus outside, whereas SP 468 

does not (Table 1). This suggests that SP, which has a much more energetic setting than CA, 469 

replenishes bottom water at a faster rate. In fact, acoustic doppler velocity (ADV) based bottom 470 

current velocities were found to be consistently higher inside Sandy point pit with respect to 471 

Caminada pit (Bales et al., 2019). 472 

 Overall, inside CA stations had significantly higher (∼2x higher) SOC rates than inside 473 

SP stations for both spring and summer (p=0.04 and p=0.001, respectively). This does not 474 

support one of our main hypotheses, that the mud-capped dredge pit Sandy Point will have 475 
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higher SOC rates compared to the sandy dredge pit Caminada due to higher rates of organic 476 

matter supply and less physical mixing, thus resulting in higher SOC rates. For the duration of 477 

this study, it is likely that Caminada was less energetic and more stratified than Sandy Point as a 478 

result of proximity to the Mississippi River delta, suggesting that prevailing physical processes 479 

may play a more dominant role in determining dredge pit O2 dynamics than sediment 480 

biogeochemistry. Sandy Point dredge pit is located ~25km from the mouth of the Southwest 481 

Pass, which is the main Mississippi river outflow and is influenced by clockwise gyre of the 482 

Louisiana Blight which advects the river plume over this region (Walker et al., 1996; Obelcz et 483 

al., 2018). In contrast the Caminada pit is located over 100 km from the river mouth and has a 484 

weaker river plume influence, supporting a less energetic environment. 485 

4.3. Shelf wide comparison 486 
In order to have a broader understanding of the bottom water O2 dynamics at CA and SP 487 

on a regional scale, shelf wide sampling was carried out in summer to provide a baseline 488 

comparison for our dredge pit data. The timing for shelf wide sampling coincided with the peak 489 

hypoxia period reported to occur in June-August (Rabalais et al., 1999) and thus the SOC rates 490 

can be considered an upper limit for the region. The spatial variability in SOC rates between the 491 

four shelf stations ranged by a factor of two, likely due to differences in oceanographic settings. 492 

However, the temporal variability in SOC rates between the two years at most stations is not 493 

significantly different. Nevertheless, the 2018 average shelf wide SOC rates of 25.67 ± 1.05 - 494 

55.65 ± 24.55 mmol m-2 d-1 in 2018 can be compared with CA, which was sampled in 2018, 495 

while the 2019 average shelf wide SOC rates of 31.08 ± 7.13 - 55.65 ± 24.55 mmol m-2 d-1 can 496 

be compared with SP, which was sampled in 2019. Our shelf wide SOC rates are similar to those 497 

previously reported from this region which ranged from 1.9 – 21.9 mmol m-2 d-1 in months June-498 

August from 2003-2007 (Murrell & Lehrter, 2011), 2.5 – 24.5 mmol m-2 d-1 in months June-499 
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August from 2006-2007 (Lehrter et al., 2012),  16.44 – 43.20 mmol m-2 d-1 in months May-500 

August in 2010-2011 (McCarthy et al., 2013), and 28.53 mmol m-2 d-1 in August 2015 (Ghaisas 501 

et al., 2019). At CA, the SOC inside the pit was not significantly different from the hypoxic 502 

shelf. This data suggests that inside CA is not significantly different from the shelf wide SOC 503 

rates. SP stations did not show any significant differences compared to the shelf wide stations in 504 

summer 2019. The SOC inside SP averaged 34.31 ± 2.56 mmol m-2 d-1, while the average for all 505 

shelf stations in summer 2019 was 42.60 ± 20.83 mmol m-2 d-1. Some hypoxia shelf stations 506 

actually showed even higher rates than SP, for example the highest rate in summer 2019 was 507 

station D5 at 59.59 ± 38.44 mmol m-2 d-1, which is ∼2 times higher than any of the rates from 508 

Sandy Point in summer 2019. This difference in SOC between SP and shelf wide stations is 509 

probably due to proximity of Sandy point to Mississippi river outflow. The comparisons between 510 

the shelf stations and inside pit stations are further complicated by the fact that the dredge pits 511 

acts a sediment traps for the region, receiving a larger fraction of the sediment and associated 512 

organic matter not only from the primary productivity in the overlying water column but from 513 

adjacent shelf due to wave-current induced transport as well as the Mississippi river and far field 514 

sources during passage of fronts (Chaichiterani et al., 2019; Obelcz et al., 2018). Thus, the nature 515 

of organic matter in the dredge pit sediments may not be similar to adjacent shelf, where the 516 

SOC is driven by the sinking of fresh organic matter from the spring bloom (Fry et al., 2015; 517 

Wang et al., 2018). The spring and summer sampling cruises in our study are also punctuated by 518 

passage of tropical storms which also makes it difficult to access the processes influencing SOC. 519 

We believe this to have a significant impact on the summer SOC rates at Sandy Point, where 520 

sampling was carried out three weeks after passage of Hurricane Barry (category 1) and 521 

anecdotal data points to greater than 1m thick layer of storm deposit inside the pit.  522 
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Overall, our results suggest that SOC rates inside dredge pits are statistically similar to 523 

observed shelf wide SOC rates despite persistently low bottom O2 concentration recorded inside 524 

the pits. This result is surprising as previous studies using static core incubations and benthic 525 

chambers (Lehrter et al., 2012; Rowe et al., 2008), observed lower sediment oxygen 526 

consumption coinciding with lower bottom-water oxygen concentration. In fact, in this study we 527 

find a weak opposite trend (R2 = 0.42; p = 0.0006) (Fig. S2) with high sediment oxygen 528 

consumption coinciding with lower bottom-water oxygen concentration (Fig. 5). Bottom-water 529 

temperature and sediment oxygen consumption also were not significantly related (p = 0.831), 530 

suggesting that seasonal variability does not explain this relationship nor does this relation 531 

change when comparing spring and summer values separately. Similar relationship between 532 

bottom O2 and SOC has been previously reported by McCarthy et  al. (2013) from this region 533 

using flow through core incubations, and they concluded that oxygen concentration may be 534 

regarded as the dependent variable instead of assuming it be an independent variable affecting 535 

sediment oxygen consumption (Murrell & Lehrter, 2011). Thus, SOC rates may be driven by 536 

quantity and quality of sediment organic matter associated with various sources instead of 537 

bottom O2 concentration, which would explain the lack of variability seen in our current data.  538 

Sediment oxygen consumption rates measured in this study were higher than or fell 539 

within range of previous hypoxic NGOM shelf studies. From years 2003 to 2007, SOC rates 540 

measured by Lehrter et al. (2012) and Murrell & Lehrter (2011) ranged from 1.3-23.3 mmol m-2 541 

d-1 during spring months (March-April), and 1.9-24.5 mmol m-2 d-1 during summer months 542 

(June-September). In the following years of 2008-2011, SOC rates measured by McCarthy et al. 543 

(2013) increased, ranging from 14.95-43.20 mmol m-2 d-1 during spring (May) and 9.94-26.09 544 

mmol m-2 d-1 during summer months (August-September). A more recent study by Ghaisas et al. 545 

Jo
urn

al 
Pre-

pro
of



(2019), measured SOC at station C6 to range from 27.03-28.53 mmol m-2 d-1 during summer 546 

(August) 2015, slightly higher than previous years. In this study, SOC rates on the hypoxic shelf 547 

from 2018 to 2019 ranged higher than previous studies, from 25.67 to 59.59 mmol m-2 d-1 in 548 

summer. Seasonal hypoxia in this area has increased due to agricultural practices and increased 549 

population growth (Bianchi et al., 2010; Scavia and Bricker, 2006; Rabalais and Turner, 2019), 550 

which is evident from the trends in previous data. 551 

5. Conclusion 552 
This study provides the first efforts to report SOC data within NGOM dredge pits, and 553 

also provide insight for future dredging operations which are expected to escalate in the next few 554 

decades due to persistent coastal erosion and sea level rise. The contributions of this study are 555 

especially crucial to the Louisiana shelf due to the regular occurrence of hypoxia every summer. 556 

Thus, understanding the effects of post dredging on water quality on a regional scale is critical. 557 

The two main drivers of hypoxia were seen to affect the Caminada dredge pit, where the 558 

depressional pit was severely stratified and accumulated high organic matter, resulting in SOC 559 

rates significantly higher than the adjacent outside region. However, from a regional perspective 560 

these rates are similar to those observed in the shallow Louisiana shelf prone to seasonal 561 

hypoxia, Conversely, Sandy Point dredge pit did not show any significant differences in SOC 562 

compared to adjacent outside areas due to a more energetic environment, indicating that sluggish 563 

water circulation inside pits along with enhanced trapping of organic matter plays an important 564 

role in the observed low bottom water conditions inside dredge pits. Low oxygen conditions are 565 

known to cause changes to benthic community composition, such as loss of fauna and 566 

recolonization of faunal species that can withstand hypoxic conditions (Diaz and Rosenburg, 567 

1995). Hypoxic conditions coupled with sediment disturbance from dredging could potentially 568 

impact benthic communities in terms of infaunal abundance and diversity, recolonization of new 569 
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species, or even loss of benthic species that may take several years to recover. (Byrnes et al., 570 

2004; Crowe et al., 2016). Benthic community shifts in relation to sediment disturbance have 571 

been reported in recent years due from species associated to coarser grains to recolonization of 572 

species new species associated with finer grains as a result in finer sediment trapping within 573 

dredge pits (Crowe et al., 2016). Thus, biogeochemical changes associated with dredging 574 

activities are likely to impact benthic ecology on decadal timescales. 575 

In summary, our study suggests that SOC rates inside recently excavated dredge pits can 576 

be similar to the surrounding shelf but can sustain for a longer period of time, which when 577 

coupled with sluggish water circulation results in persistent low bottom O2 conditions, well 578 

beyond the duration of the seasonal hypoxia in this region. These conditions may have negative 579 

impacts on the benthic communities inside these pits. This study provides valuable insight on the 580 

impacts of dredge pits to surrounding hypoxia in this region which is critical as future dredging 581 

operations are expected to increase worldwide with projected sea-level rise. 582 
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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” 

 

 

 

  

 
 
            

Station Site 
Description Year Month Depth (m) Temp 

(°C) 
Bottom 
Salinity  

Bottom O2  
(mg L-1) 

CA2_IN Inside Pit 2018 May 13.1 22.9 34.4 1.93 
July 12.9 26.6 34.8 1.46 

CA5_IN Inside Pit 2018 May 13.1 23.1 34.0 1.43 
July 13.2 26.7 34.8 1.42 

CA8 Outside Pit 2018 May 7.0 25.5 22.9 6.88 
July 8.1 29.0 30.3 5.46 

CA11 Outside Pit 2018 May 7.0 24.5 27.9 6.71 
July 9.3 28.5 30.6 3.50 

SP3_IN Inside Pit 2019 May 17.3 22.5 34.8 1.79 
September 16.7 27.5 31.9 2.75 

SP5_IN Inside Pit 2019 May 16.7 22.6 34.6 2.81 
September 16.5 27.4 31.9 2.32 

SP4 Outside Pit 2019 May 10.6 23.1 31.7 4.92 
September 10.8 28.9 28.9 4.56 

SP11 Outside Pit 2019 May 10.4 22.9 31.7 2.36 
September 10.3 29.0 30.8 3.03 

C6 Shelf 
2018 August 19.1 25.3 36.0 1.29 

2019 April 19.2 24.7 35.2 6.02 
July 19.0 27.8 29.5 3.92 

B5 Shelf 2018 August 17.1 27.3 35.5 1.40 
2019 July 18.0 27.0 32.9 0.44 

D3 Shelf 2018 August 17.1 26.4 35.7 0.79 
2019 July 16.0 27.0 31.6 2.60 

D5 Shelf 2018 August 32.2 22.8 36.3 1.98 
2019 July 33.8 22.5 35.9 2.10 
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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. 

 

 

 

                

Dredge Pit Station 
Average O2 Consumption (mmol m-2 d-1) 

Spring Summer 

Caminada 

CA2_IN 51.80 ± 27.7 51.28 ± 5.73 

CA5_IN - ± - 43.14 ± 1.53 
CA8 10.84 ± 3.02 23.91 ± 4.51 

CA11 6.27 ± 1.19 20.69 ± 4.32 

Sandy Point 

SP3_IN 23.71 ± 4.77 34.30 ± 3.73 
SP5_IN 26.81 ± 5.27 34.31 ± 1.59 

SP4 24.98 ± 5.83 35.95 ± 5.57 
SP11 30.93 ± 1.12 32.33 ± 2.25 
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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-2d-1)   Station SOC Rate (mmol m-2d-1) 

C6 25.67 ± 1.05   C6 31.08 ± 7.13 

B5 58.95 ± 3.41   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 
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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, CA5_IN, CA8, and 

CA11 (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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