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● The mid-winter Upper Chesapeake Bay is vertically stable even during the winter season.
● The results show that density stratification in the Chesapeake Bay is primarily driven by salinity with little influence 

from temperature.
● Repeated samples of suspended sediments shows that sediments are resuspended during tidal cycles resulting in 

particle concentrations four times that of the surface mixing layer during mid-winter.

The Chesapeake Bay is the largest estuary in the United States, and exists along the Delmarva Peninsula and the Atlantic Ocean. The physical and chemical structure of the water column in the Chesapeake Bay is dependent on several factors. Our experimental question asks if wind driven mixing is the largest factor for the physical or 
chemical structure of the water column at the Chesapeake Bay Deep Station. Our hypothesis is that freshwater influx from the Susquehanna River and tidal current mixing will affect Chesapeake Bay water column structure, turbidity, and suspended particulate matter. Data was gathered using oceanographic instruments deployed from the YP-686 

research vessel. Data was analyzed by the research group to calculate the stability parameter, temperature, salinity, density, and dissolved oxygen to assemble a profile of the physical characteristics of the water column. Turbidity and suspended solids were analyzed to assemble a particulate concentration profile of the water column. 
Characterization of these profiles can conjunctively be used to understand the winter conditions at the Chesapeake Bay Deep Station.

Figure 3. CTD results from the study area in the Chesapeake Bay Deep Station, showing (a) temperature, (b) salinity, (c) density, and 
(d) dissolved oxygen. Different line colors on the plot indicate a different day of data collection, shown in the legend. 

Figure 4. (a) Turbidity (NTU) and (b) Total Suspended Solids (g/L) profiles from Chesapeake Bay study site.

The project was conducted at the Chesapeake Bay Deep Station Hole, a bathymetric feature at 
38.9oN 76.4oW (Fig. 1). The Conductivity, Temperature, and Depth (CTD) Rosette was the primary 
equipment for the project and was delivered to the study area via YP-686 (Fig. 2). Data was 
collected through a series of CTD casts, taken by lowering the CTD Rosette to the desired depth 
(~30 meters). Water samples were collected at various depths by Niskin bottles attached to the 
Rosette at appropriate intervals throughout the deep water, pycnocline, and mixed layers. Eleven 
total bottles were fired at six depths on the upcast. Two bottles were fired at each depth in the event 
one bottle fails. Temperature, salinity, and dissolved oxygen profiles were collected on the downcast 
(Fig. 3). The stability equation (Equation 1) was used to analyze different water column layers as 
well as the effect of density through the water column depth (Fig. 5).
 After recovery of the CTD, 250 mL of each sample were retrieved from the Niskin bottles and 
individually pumped through a designated 0.45 micron filter. The filters were then dried and 
weighed to calculate total suspended solids (TSS) for a given depth. Simultaneously, 50 mL samples 
were drawn from each Niskin bottle and analyzed using a turbidimeter to determine turbidity at each 
depth (Fig. 4). Turbidity and TSS data were compiled, and the Laser In-Situ Scattering and 
Transmissometry (LISST) were used to analyze particle size distribution in order to better 
understand how the two properties are correlated (Fig. 6). 

Figure 1. Bathymetric profile of the Chesapeake Bay. Research Area at Deep Station labeled with Star.

Figure 2. Midshipmen 1/C Lakayla DeShields, Jess Mogavero, Karina Martinez, and Will Ryan 
collecting data and water samples on YP-686 using the CTD Rosette. 

Equation 1. Stability equation.

Figure 5. (a) Density profile from 5 FEB showing 3 distinctive layers: (b) Mixed layer stability, (c) pycnocline stability, and (d) deep 
water stability (E) where  E > 0 is stable and E = 0 is neutral.

Stability was used to estimate the inhibition for wind and tidal induced mixing to 
occur and was approximated by equation (1). Dividing the column into three segments 
(Fig. 5a), density gradients were evaluated for the surface mixed (Fig. 5b), pycnocline 
(Fig. 5c), and deep water (Fig. 5d) layers of the profiles. Overall, E is positive (stable) 
in all three layers, which indicates total water column stability. The mixed layer values 
of E are the lowest (~0) which is expected given the mechanical forcing from surface 
winds observed over the study period.  Comparing historical late summer stability 
(2016, 2017, 2019, 2020) to our mid-winter estimates suggests that estuary stratification 
changes little between seasons and is primarily a salinity stratified system.

CTD Rosette casts collect data on water conductivity (proxy for salinity), temperature (thermistor), and depth 
(pressure dB relation). CTDs record data on both the downcast and upcast, but the upcast was used to collect water 
samples at selected depths; therefore the downcast was used for more consistent water column characterizations (Fig. 
3). 

Temperature structure inverted between the February and March profiles (Fig. 3a). During the February casts, 
maximum vertical temperatures were observed in the deeper water. The warmer water at depth was likely the result of: 
1) warmer water advected by tidal currents from the southern Chesapeake Bay; and/or, highly modified late summer, 
early fall water that was protected from surface wind forcing by a strong pycnocline. The orientation reversed in 
March as surface shortwave radiation warmed the surface mixed layer faster than the advection of subsurface waters 
from the south. This profile shows progression from a cool mid-winter profile turning into a warmer, early-spring 
profile.

The salinity data for study period casts were relatively similar, excluding 16 March (Fig. 3b). On this date, 
salinity dropped 3 parts per thousand at the surface increasing the stratification of the pycnocline substantially. 
February data remained similar throughout the month due to persistent dry weather conditions for mid-winter with 
minimal rain and snow. The density and salinity profiles are nearly identical (Fig. 3c) supporting the hypothesis that 
the estuary system is mostly salinity controlled unlike the open ocean which is primarily temperature controlled.

The dissolved oxygen (DO) plots for each collection generally follow the typical decreasing concentration trend 
with depth. The higher values near the surface are likely due to enhanced air-water gas exchange due to wind waves 
and the increase in biological activity due to higher solar radiation fluxes near the surface. The combination of these 
two processes along with the decline in decaying organic matter and respiration rates in winter allow the DO levels to 
recover from late summer anoxic conditions. 

Turbidity measures how much light is scattered by suspended particles, and TSS is the weight per liter of 
suspended particles above 0.45 microns. In this study, turbidity and TSS increase with depth for all five study period 
profiles. The data follows a similar trend for each study day, suggesting there is local resuspension of bottom 
sediments by tidal currents, as well as a possible repositioning of the salt wedge associated with movement of the 
estuarine turbidity maximum (ETM). The increased freshening observed on the 16 March profile was likely due to 
the release of Susquehanna River water to the estuary several days before. For reference, approximately 87% of the 
total freshwater input to this reach of the Bay is from the Susquehanna River through the Conowingo Dam. 

Particle size distribution figure above (Fig. 6) compares suspended particulate in collected water samples by using laser 
diffraction technology. Data provides a better understanding of the overall distribution of different sized particulate matter in 
addition to the bulk measurements of total suspended solids for each layer (Fig. 4b). In Figure 6, LISST data suggests that 
mixed layer particle sizes are largest but particle concentrations are lowest; however, the opposite is true at the deeper layers 
where particle size is small but concentrations are at their maximums in the water column (~6-7.5 mL/L). This correlates well 
with the TSS measurements with depth (Fig. 4b), but contrary to the observed decrease in TSS with time, especially in the 
deeper layer. Overall, the TSS, turbidity, and LISST datasets suggests that tidal currents are significant and likely resuspended 
bottom sediments or advected bottom sediments from shallower bathymetry into deeper waters in the estuary (<10 m).

Figure 6. LISST plots comparing particle size bins (microns) to particle concentrations (mL/L) for each layer on (a) 12 FEB, (b) 26 FEB, 
and (c) 04 MAR. 

Conclusions
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