
a. b. c.

d. e. f.

Data collected along the axis of the Severn on 04 MAR 2022 using the flow-though system showed increasing surface water salinity and temperature up-estuary from HOL (Fig. 4a). Turbidity 

values (Fig. 4b), Chl-a concentrations (Fig. 4c), and fDOM values (Fig. 4d) were all low with higher values near the mouth of the Severn River and in the upper northwest corner of Round Bay 

(Fig. 1). The higher measured values at the mouth of the estuary could indicate a small phytoplankton bloom. The uppermost corner of Round Bay nearer to the headwaters of the Severn River 

is shallow, narrow, and is surrounded by residential and forested landscape. This and lower circulation could explain the higher turbidity and fDOM values and Chl-a concentrations. 

a. b. c. d.

Data collected by the EcoMapper AUV and by CastAway CTD casts show that there was little difference between surface and bottom water salinity and temperature in the Severn River on 08 

FEB 2022 (Fig. 3a). Turbidity was very low in surface waters (< 2 FNU) and only slightly higher in bottom waters (2-3 FNU) with the highest values measured in deeper waters near the USNA 

(Rt-450) Bridge ~ 1.5 km from HOL and in water depths deeper than 6 m, 2.6 – 3.3 km from HOL (Fig. 3b). Chlorophyll-a concentrations were low at the surface but higher (2-4 x) in bottom 

waters, especially at the same locations and depths where higher turbidity values were measured. This could indicate the remains of a phytoplankton bloom that occurred in the days prior to the 

survey thar had been mixed or settled towards the bottom (Fig. 3c). Measured fDOM values were slightly elevated in surface relative to bottom waters and tended to increase up-estuary 

reaching the highest values 3.0 -3.5 km up-estuary from HOL (Fig. 3d). The lower, relatively unform values measured were indicative of a well-mixed, winter-time estuarine water column. 

a. b. c. d.The optical properties of the water column in shallow estuarine systems vary temporally, 

spatially, and with depth due to numerous factors including: organic matter (OM) inputs 

from land, high rates of primary production, and (re-)suspended sediments. Turbidity is a 

measure of the amount of light scattered in water, primarily by particles. Colored dissolved 

organic matter (CDOM) and photosynthetic pigments like chlorophyll-a absorb and/or 

scatter light at specific wavelengths. These three parameters serve as proxies for water 

clarity and light penetration and can be measured in situ using optical probes. Water clarity 

and light penetration are closely linked to water quality so it is important to be able to 

measure variability in water clarity. In this study, a YSI i3XO EcoMapper Autonomous 

Underwater Vehicle (AUV) and a custom-built flow-through system were used to collect 

continuous in situ measurements of turbidity, chlorophyll-a (Chl-a), fluorescent dissolved 

organic matter (fDOM), and particle concentrations in surface and bottom waters in 

order to quantify spatial differences in the baseline, wintertime water column optical 

properties along the axis of the Severn River.
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Figure 1. Map of the 

Severn River, a tidal 

tributary to the mesohaline 

Chesapeake Bay (inset), 

showing where data was 

collected in February and 

March 2022. The track for 

data collected using a flow-

thru system on a small boat 

on 04 March 2022 is shown 

as a graduated line from 0-

16 km distance up estuary 

from the mouth.  The red 

box shows a white track 

line for the EcoMapper 

AUV survey conducted on 

08 FEB 2022. Also shown 

is the location for the 

USNA Hendrix 

Oceanography Laboratory. 
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EcoMapper AUV: Vertical Differences in Optical Properties

Figure 3. (a) Salinity (top) and temperature (bottom) contours along the AUV mission legs (graduated symbols represent AUV salinity and temperature 

measurements) from CastAway CTD casts (dashed lines); (b) AUV surface and bottom-water turbidity measurements (FNU); (c) AUV surface and bottom-water Chl-a 

concentration measurements (mg/L); and (d) AUV surface and bottom-water fDOM measurements (QSU).  Values are referenced to distance up estuary from HOL.  

Flow-Through Results: Optical Properties Along the Severn River

Figure 5. LISST-200X mean particle concentration (ml/L) vs. (a) turbidity (FNU), (b) Chl-a concentration, and (c) fDOM (QSU) and mean particle size (mm) 

vs. (d) turbidity (FNU), (e) Chl-a concentration, and (f) fDOM (QSU). The symbol color indicates distance up-estuary from HOL (see color bar).  

a.

Figure 4. (a) Flow-through system salinity and temperature values plotted as distance from HOL along the axis of Severn River (0-16 km) and flow-through system (b) turbidity (c) Chl-a concentrations, and (d) fDOM values plotted 

on a coastline map of the main-stem Severn River (see Fig. 1). All values were collected from surface waters at < 1 m depth. 

Figure 2. (a) (left-to-right) Midshipman 1/C Deondrae Williams, 

Midshipman 1/C Brandon Jordan, and Midshipman 1/C Daniel Taylor with 

the EcoMapper AUV and (b) a conceptual diagram of the flow-thru system 

used in the study showing the Xylem/YSI EXO2 Multiparameter Water 

Quality Sonde and the LISST-200X submersible particle size analyzer.  

a. b. YSI EXO2 LISST-200X

On 08 FEB 2022, a Xylem i3XO EcoMapper AUV was deployed between the U.S. Naval 

Academy (USNA) Bridge and the US-50 Bridge (Fig. 1 & Fig. 2a). The EcoMapper AUV 

was outfitted with a Xylem/YSI EXO1 Multiparameter Water Quality Sonde with the 

following pre-calibrated EXO SMART sensors installed: Conductivity & Temperature; 

Turbidity; Total Algae; and fDOM.  It collected in situ data from a water column depth of 1 

m from the surface and 1.5-2 m from the bottom. A Sontek Cast-Away CTD was used to 

collect water column conditions (temperature and salinity) along the AUV track. On 04 

MAR 2022, continuous measurements of the optical properties of Severn River surface 

waters were collected from a small boat travelling at 1-2 knots along an axis from the 

mouth to the head of the estuary north of Round Bay (Fig. 1) using a flow-through system 

(Fig. 2b). Water was pumped from 1 m below the surface through a EXO2 Multiparameter 

Water Quality Sonde equipped with the same sensor suite as the EcoMapper AUV and a 

LISST-200X Laser In-Situ Scattering and Transmissometry submersible particle size 

analyzer. All data were averaged to 1-minute and position data was converted to distance 

from the USNA Hendrix Oceanography Laboratory (HOL) and averaged over 25 m. 

Discussion

The wintertime optical properties of the Severn River 

showed little variation spatially along the axis or with 

depth in the water column during this study. When 

turbidity values, Chl-a concentrations, and fDOM 

values are plotted against mean particle concentrations 

(Fig. 5a-c) and mean particle size (Fig. 5d-f) there are 

clear relationship between variables but with a 

different slope to the relationship for data collected in 

the upper northwest corner of Round Bay as compared 

to the rest of the Severn River. This suggests that the 

properties of this region and other creek sub-regions 

of the Severn River may be optically unique as 

compared to the main-stem Severn.  

• The wintertime optical properties of the Severn River showed little variation spatially along the axis or with depth in the water 

column during this study but measurements did reveal some interesting relationships between optical properties and particle 

concentration and size that could be investigated using advanced methods like hyperspectral profiling (Fig. 6).

• Follow-on surveys should be conducted to determine factors that control seasonal-to-annual variability in the optical properties

of the Severn River and other shallow estuarine systems and to evaluate whether these factors can be used to identify  and track

water masses

Conclusions and Future Work

Figure 6. (a) The 

Capstone Team with 

the HyperPro II 

Hyperspectral Profiler 

and (b) the HyperPro II 

Hyperspectral Profiler 

being towed in Round 

Bay.

a. b.
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