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Summary 
Hypoxia has been a feature of Chesapeake Bay for at least the past nine decades, where several cubic 
kilometers of hypoxic water develop in the estuary between May and September each year. Although 
the effects of watershed nutrient loading and climatic variability on inter-annual variability in the 
extent and duration of this hypoxic volume have been well studied, intra-annual variation has 
received less attention. An understanding of such intra-annual variation in hypoxia, such as in the 
timing of hypoxia onset and break-up, is key to better identifying controls and quantifying the 
potential impacts of hypoxia on upper trophic levels. An analysis of 30 years of observations of 
climate variables and water-column properties combined with numerical model simulations indicates 
that there has been a seasonal shift in the volume of hypoxic water in Chesapeake Bay, with hypoxia 
occurring earlier, with a reduced southern extent. This seasonal shift is likely related to changes in the 
temporal and spatial patterns of chlorophyll-a and with nutrient load changes to the estuary. A multi-
year numerical model simulation that captures these seasonal shifts is used to quantify changes in the 
habitat availability for several key commercially important fish species. This study has implications 
for quantifying the linkage between nutrient loading, climate variability, hypoxia, and fish habitat in 
the Chesapeake Bay ecosystem over multiple time and space scales.    
 
Introduction 
The depletion of dissolved oxygen in coastal waters commonly results from eutrophication and 
appears to be relatively widespread problem globally (Díaz and Rosenberg 2008). The fact that 
dissolved oxygen concentrations are highly sensitive to many biogeochemical and physical 
phenomena can make it difficult to discern the causes of oxygen depletion (Kemp et al. 2009) and 
create the potential for high inter- and intra-annual variability in the volume of low-oxygen water. 
While many prior studies have focused on annually-based metrics of hypoxia, fewer have 
investigated intra-annual variability and the seasonally-shifting controls on hypoxia. Understanding 
changes in the nature of temporal variability in hypoxia are also important in understanding how 
oxygen-sensitive species and biogeochemical processes will accordingly respond, and how these 
responses will feedback through the ecosystem. In order to investigate temporal changes in oxygen 
availability and impacts on Chesapeake Bay, we examined a long-term (30-year) data set of oxygen, 
nutrient, temperature, and salinity distributions over regional, seasonal, and inter-annual scales. 
 
Materials and Methods 
This study was conducted in the open body of Chesapeake Bay, commonly referred to as the “main 
stem”). We analyzed a vertical profiles of dissolved oxygen, water temperature, salinity, chlorophyll-
a, total nitrogen, NH4+, NO2-, and NO3- obtained from the Chesapeake Bay Program Water Quality 
database for the 1985-2013 period (http://www.chesapeakebay.net/data_waterquality.aspx), with 
profiles collected at 20 stations located along the estuary’s central channel. O2, temperature, and 
salinity were generally measured at 1-m depth intervals, while measurements of chlorophyll-a and 
nutrients were made at 4-5 depths for each station (2-10 m intervals). Profiles were generally sampled 
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monthly between the months of November to March and bi-monthly between April to October. The 
vertical profiles were interpolated spatially to derive regional, volume-weighted concentrations and 
Bay-wide volumes of water with oxygen below 62.5 µM. We used a suite of quantitative tools to 
quantify long-term trends in the concentrations, as well as indices of phonological change. 
 
Results and Discussion 
The peak volume of hypoxia in Chesapeake Bay shifted ~one month earlier in the over the 1985-2013 

period, resulting in larger hypoxic volumes in 
June and lower volumes in later summer, as was 
reported in earlier work (Murphy et al. 2001). 
Associated with the shifted hypoxic volume was 
a ~50 µM increase in dissolved oxygen in late 
summer (August-September) in the middle Bay 
and an associated decline in bottom-water NH4+, 
but an increase in NOx- (Fig. 1). Comparisons of 
seasonal cycles of bottom-water dissolved 
oxygen and nitrogen species reveal that the 

seasonal NH4+ peak now occurs 1 month earlier 
(June), while a consistent NOx- peak now occurs 
during August-September. These observations 
reveal how increasing oxygen concentrations 
induce elevated water-column and alter the 
speciation of dissolved oxygen in late summer. 
These results have important implications for 
feedbacks on nutrient availability associated 
with changes in hypoxic volume. 
 
Another potential consequence of the 
seasonally-shifted hypoxic volume would be to 
alter the availability of habitat for larger 
organisms in the early summer. We analyzed a 
10-year model simulation of dissolved oxygen 
concentrations, salinity, and temperature in 
Chesapeake Bay to examine variability in the 
volume of habitat (Schlenger et al. 2013) for 

commercially important fish species. The 
model simulates a clear decline in available 
habitat for key species under hypoxic 

conditions, although temperature is still a dominant driver of habitat availability in June, where 
hypoxia has increased. Future studies will examine habitat availability and oxygen concertation 
under a range of nutrient loading and climatic forcing. 
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Figure 1. Time Series of August-September, bottom-
water concentrations of O2, NH4+, NOx-. 
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