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Introduction 
 Hypoxia is an environmental phenomenon where dissolved oxygen concentrations in the water 
column fall below the minimum threshold necessary to induce respiratory distress among aquatic 
organisms in the system (Rabalais et al. 2002, Rabalais et al. 2010). In the northern Gulf of Mexico, 
hypoxia is defined as a concentration of dissolved oxygen below 2 mg/L (Rabalais et al. 2010, USEPA 
2012a)Φ IȅǇƻȄƛŎ ǿŀǘŜǊǎΣ ƻŦǘŜƴ ǘŜǊƳŜŘ άŘŜŀŘ ȊƻƴŜǎέ ŀǊŜ Ƴƻǎǘ ǇǊŜǾŀƭŜƴǘ ƛƴ ǘƘŜ Ŏƻŀǎǘŀƭ ǿŀǘŜǊǎ ƻŦ ǘƘŜ 
United States from late spring through late summer and are becoming more frequent, widespread, and 
persistent (CENR 2010, Rabalais et al. 2010). The development of hypoxia may be a result of a number of 
factors, both natural and anthropogenic, but is mainly driven by excess nutrients to a system and/or 
stratification of the water column due to salinity and temperature gradients and lack of mixing.  

LŀƪŜ tƻƴǘŎƘŀǊǘǊŀƛƴ .ŀǎƛƴ CƻǳƴŘŀǘƛƻƴΩǎ Coastal Sustainability Program has monitored water 
quality in, and around, Chandeleur Sound to locate areas of low dissolved oxygen concentrations, or 
hypoxia, since 2010, after discovery of Hypoxia in these region during a research cruise in 2008 (Lopez et 
al. 2010, Henkel et al. 2011, Moshogianis et al. 2012, Moshogianis et al. 2013). In 2013. Breton Sound 
was added to the monitoring program (Figure 1). The cumulative observations to date provide evidence 
that suggests the seasonal development of bottom hypoxia on a yearly basis. This report summarizes 
the results from the 2017 hypoxia monitoring. 

  

 
Figure 1: Location of Chandeleur and Breton Sounds in the Pontchartrain Basin. 
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Methods 

Sampling 

Hypoxia 
 In 2017, hypoxia was attempted to be measured at 54 locations, in three separate sampling 
events within the same week (Figure 2). At times, certain points could not reached due to weather 
conditions. Other times, points were eliminated if hypoxia was not detected at previous points.  Hypoxia 
surveys were conducted four times in the spring and summer in 2017, including the weeks of April 4, 
May 7, June, 14 and July 11. To measure the hypoxia, a YSI Pro-2030 meter with a 90 foot cable was 
used to measure salinity (ppt), temperature (°C), and dissolved oxygen (mg/l) concentrations. The YSI 
cable was marked at two-foot intervals.  First, the total depth was determined using the boat acoustic 
depth finder. Next the probe on the instrument was lowered to take measurements at three depths; 
two feet beneath the surface, midway through the water column, and one foot from the seafloor.  
Measurements were recorded on a data sheet and then entered into a spreadsheet. 

Nutrients 
 In order to help determine the cause of the hypoxia, water samples for nutrient analysis were 
collected for the June 14, 2017 sampling event, at the same locations sampled for hypoxia. At each site, 
100 ml bottles were filled and kept on ice until delivery to Wetland Biogeochemistry Analytical Services 
Laboratory at Louisiana State University. Samples were analyzed for phosphate (PO4), nitrate (NO3), 
nitrite (NO2), and ammonium (NH4). For NO2 and NO3 analysis, EPA Standard Method 353.4 was used 
(Zhang et al. 1997), for NH4, EPA Standard Method 350.1 was used (USEPA 2012b), and for PO4, EPA 
Standard Method 365.5 was used (Zimmerman and Keefe 1997). 
 

Data Analysis 
 The water quality and nutrient data were brought into ArcMap (ESRI) and mapped. Points where 
bottom oxygen concentrations were less than 2 mg/l were highlighted. A polygon was then drawn 
around the point where hypoxia was present, to determine the area of hypoxia in the given body of 
water. Additionally, areas where there was stratification, but were not hypoxic, were also outlined, since 
these areas are likely to become hypoxic in the future. Stratification was determined if there was a large 
difference in salinity, temperature, and oxygen concentrations between the top and bottom 
measurements. Nutrients were mapped individually in order to see if there was a spatial patter to each 
constituent. 
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Figure 2: Hypoxia sampling locations in Chandeleur and Breton Sounds. The sampling effort is split into three 
separate boat runs, all conducted in the same week. 

Results 

Hypoxia 
 Of the four sampling days in 2017, hypoxia was detected on three of the days, while 
Stratification was detected at all four (Figure 3). On April 4, 2017, there was an area of hypoxia of 32 sq. 
mi. (82.8 sq. km.) located north of the Chandeleur Islands, and an area of stratification of 570 sq. mi. 
(1,476 sq. km.) located in Chandeleur Sound, Breton Sound and the Cat Island Channel (Figure 3, top 
left). On May 7, 2017 there was no hypoxia detected but there was an area of stratification of 687 sq. 
mi. (1,780 sq. km.) located in Chandeleur and Breton Sounds (Figure 3, top right). On June 14, 2017, 
there was an area of hypoxia of 329 sq. mi. (852 sq. km.) located in Chandeleur and Breton Sounds and 
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an area of stratification of 623 sq. mi. (1,613 sq. km.) Chandeleur and Breton Sounds, and the Cat Island 
Channel (Figure 3, bottom left). On July 11, 2017 there was an area of hypoxia of 185 sq. mi. (479 sq. 
km.) and no area of stratification (Figure 3, bottom right). During this sampling event, Breton Sound was 
not sampled due to weather conditions. However, the hypoxic area detects was similar to that of June 
14th, therefore, if can be assumed that some hypoxia existed in Breton Sound on July 11th. The total area 
of hypoxia that was detected in 2017 was 416 sq. mi. (1,077 sq. km.), detected in Chandeleur Sound and 
Breton Sound (Figure 4). 
 

 
Figure 3: Area of hypoxia and stratification detected during the four sampling events in 2017, April 4th (top left), 
May 7th (top right), June 14th  (bottom left), and July 11th (bottom right). 
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Figure 4: Total area of hypoxia detected in 2017 was 416 sq. mi. (1,077 sq. km.). 

 

Nutrients 
 The nutrient data showed different patterns associated with the different constituents. Nitrite 
(NO2) and ammonia (NH4) were found in low concentrations across all locations, and therefore the 
results will not be presented here. Nitrate (NO3) concentrations followed a pattern of being elevated 
near the Mississippi River in Breton Sound (6.0 -9.385 mg/l) and low in northern Chandeleur Sound 
(below 1.0 mg/l), indicating a signature of river water influence in Breton Sound (Figure 5, left). There 
are numerous Mississippi River outlets that discharge into or could influence Breton Sound including, 
Mardi Gras Pass, the Bohemia Spillway, Bayou Lamoque, Fort St. Phillip and Baptiste Collette. During the 
time when the nutrient data was collected, these outlets were discharging, on average, 259,765 cfs of 
river water into the area (Figure 6) (Connor et al. 2017). At each site, 100 ml bottles were filled and kept 
on ice until delivery to Wetland Biogeochemistry Analytical Services Laboratory at Louisiana State 
University. Samples were analyzed for phosphate (PO4), nitrate (NO3), nitrite (NO2), and ammonium 
(NH4). For NO2 and NO3 analysis, EPA Standard Method 353.4 was used (Zhang et al. 1997), for NH4, EPA 
Standard Method 350.1 was used (USEPA 2012b), and for PO4, EPA Standard Method 365.5 was used 
(Zimmerman and Keefe 1997). Phosphate (PO4) followed a similar pattern with elevated concentrations 
near the river (greater than 0.2 mg/l) and low in northern Chandeleur Sound (less than 0.1 mg/l) (Figure 
5, right). However, the pattern for phosphate differed slightly in that the elevated phosphate did not 
extend as for north as the elevated nitrate (Figure 5). Additionally, phosphate appeared to be slightly 
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elevated (not to the extent seen near the Mississippi River) near the Cat Island Channel, perhaps 
indicating a small influence of the Pearl River. During this period, the Pearl River discharge was elevated 
to 13,604 cfs (Figure 6) (Connor et al. 2017). Hypoxia detected during the same period was found in 
areas with high, intermediate and low nutrient concentrations.  
 

 

Figure 5: Nitrate or NO3 (left) and phosphate or PO4 (right) concentrations in the surface water on June 15, 
2017. 
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Figure 6: Hydrocoast Water Quality map showing discharge from Pearl River, Mississippi River outlets and the 
area of hypoxia and stratification during the period when nutrient samples were collected (June 12 ς June 18, 
2017). 

Discussion 
 The Hypoxic area detected in 2017 is not the largest area ever detected in this region and is the 
smallest area since 2012 (https://saveourlake.org/lpbf-programs/coastal/coastal-projects/hypoxia-east-
side-of-mississippi-river/). While the size of the hypoxic area varies on a yearly basis, in every year that 
hypoxia was surveyed, it was detected north of the Chandeleur Islands and in Breton Sound. The 
development, growth, shrinking and eventual disappearance (usually due to fronts or storms) of hypoxia 
east of the Mississippi River is a dynamic process and depends on current environmental conditions, 
water quality, tides, currents, wind, rainfall, and bathymetry.  

The cause of the formation of hypoxia may be a naturally induced phenomenon simply due to 
the lack of wind and wave energy available to mix the coastal waters with deep Gulf of Mexico water, 
therefore causing density driven stratification to develop on a seasonal basis. The hypoxic area is a 
reentrant that appears to be isolated from ocean currents prevalent in the open Gulf of Mexico. The 
region where hypoxia develops is bypassed by the prevailing currents in the Gulf of Mexico. The hypoxia 
also sets up at a time of the year when winds are low, in the summer. The combination of low winds and 
a lack of horizontal surface currents, creates a low energy environment which allows for stratification of 
the water column to develop. Low wind velocity is in direct correlation with lack of vertical mixing and 
therefore stratification and hypoxia develops.  This may be especially true for the northern Chandeleur 
Sound region, where there does not seem to be a major source of nutrients to drive the dynamics of 
nutrient induced hypoxia. However, only one nutrient sampling event has occurred thus far, and more 
study in this area would be needed to conclude that nutrients are not a major factor in this region. 

https://saveourlake.org/lpbf-programs/coastal/coastal-projects/hypoxia-east-side-of-mississippi-river/
https://saveourlake.org/lpbf-programs/coastal/coastal-projects/hypoxia-east-side-of-mississippi-river/

