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Figure 1. Study location (Manresa Relic Oyster Reef) benthic habitat data extracted by 
Maryland Benthic Habitat containing acoustic survey results for Maryland and Maryland 
Bay Bottom Survey sites (Maryland GIS Data Catalog: Biota). Benthic data collected from 
1842 through 2014 were aggregated from multiple sources to create a baywide record of 
seabed material in the Chesapeake Bay and resultant habitat polygons (e.g. man-made 
oyster reef, sand, rock reef) were classified with an adaptation of the Coastal and Marine 
Ecological Classification Standard (CMECS) Substrate Component (SC). Inset depicts entire 
Chesapeake Bay with study area highlighted.
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ABSTRACT

In this study, sonar imagery and bathymetric data were coupled with sediment analysis to identify the 
location of a relic oyster reef and associated restoration site in the Severn River, Annapolis, Maryland. The 
location of the reef was identified and laboratory results suggest that the majority of substratum appears 
conducive to adult oyster seeding; however, fine sediment input and environmental conditions are not 
optimal for larval settlement or reproductive success.

METHODS & APPROACH
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Figure 2. Clockwise: Klein 4900 Side Scan Sonar (A); Edgetech 3100 Sub-
Bottom Profiler (B); LacCore Multi-Use Coring Kit (C); benthic sled 
prototype for oyster larvae dispersal that consists of two components: a 
larval PVC seeding device and a stainless steel benthic sled manifold (D).

Figure 3. (From left to right) (From left to right) MIDN Hamilton uses the Multicorer (MUCK) to get a core of the Manresa reef sediment; MIDN Hamilton and 
Professor Smith retrieve sediment sample from Manresa; MIDN Hamilton properly closing off the sample retrieved from the MUCK; two separate samples 
collected via the multicorer. 

Sediment grabs were conducted using a LacCore Multi-Use 
Coring Kit – or MUCK – at two locations (Fig. 2C and 3). 
Wet and dry weights of the sediment were taken utilizing a 
drying oven. The sediment samples were then split with 
one half placed in a muffle furnace at 450°C, which 
eliminated organic matter present in the samples. The 
other split sample was used for particle settling analysis. 
Water content, porosity, and sediment size analysis was 
performed on the first half of the sample via grinding and 
sieving the dried sediment. Settling rate and classification 
were calculated by measuring the amount of time that the 
second half of the sample took to sink in a controlled.

A ‘larval seeding benthic sled’ prototype (Fig. 2D) was also 
examined for feasibility in distributing oyster larval 
dispersal on in-situ reefs. The primary goal in examining 
the prototype was to maintain neutral buoyancy to 
prevent damage to the reef structure. Preliminary testing 
was carried out in the USNA Hydromechanics Laboratory 
tow tank using 3 ’x 4’’ PVC pipes and foam inserts added 
for buoyancy.

Using ArcGIS shapefiles of Maryland benthic 
surveys to identify approximate reef location, 
bathymetric surveys of the ‘Manresa Relic Reef 
and Restoration Site’ were conducted via small 
boat operations and hand-tows (Fig. 1). To map 
this location a Klein 4900 Sidescan Sonar (Fig. 
2A) and Edgetech 3100 Sub Bottom Profiler 
(Fig. 2B) were deployed over the course of two 
days. Klein 4900 Sidescan Sonar data was 
processed using SonarTRX Pro v21. to extract 
depth from sonar recordings and overlay GIS 
for bathymetric processing in order to generate 
a geographic image of the seafloor. Edgetech
3100 Sub-Bottom Profiler data was processed 
using EdgeTech Discover v02.0 to provide a 
standard waterfall display with a dual-view 
frequency side scan sonar.  Additionally, 
coverage mapper in the software allowed pre-
programmed survey lines to be utilized during 
data collection in the field. 

RESULTS & DISCUSSION

Figure 4. (From left to right) Digital overhead map of the greater Manresa reef area, composed of Traces Hollow and Peach Orchard; Side scan imagery (obtained via 4900 Klein Side Scan Sonar) which is subset of the previous Peach Orchard image 
and displays a distinctive shape emerging from the silted bottom; Sub-Bottom profile of the Manresa reef subset of the side scan image, depicting a structure potentially composed of reef remains as deep as 7 meters below the surface of the 
benthos, obtained via the Edgetech 3100 Sub-Bottom Profiler.
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Figure 7. Manresa relic reef 
sediment cores analyzed using the 
Wentworth grain size classification.

Sidescan and sub-bottom imagery collected at the Manresa reef location showed 
evidence of an active reef in the area (Fig. 4), despite a significant silt layer 
impacting the surrounding benthos. Following software analysis of the reef 
imaging, we were able to confirm the existence of the relic reef in the area and 
subsequent restoration attempt (Fig. 4 and 5). 

Sediment analysis of the reef area showed significantly silting. The cores were 
collected from 0-15 centimeter (Core 1) and 0-20 centimeter (Core 2) depths. The 
sediment collected in Core 1 had a total wet weight of 769.6 grams and a total dry 
weight of 449.2 grams across all depth fractions and those of Core 2 had a total 
wet weight of 876.2 grams and a total dry weight of 363.5 grams across all depth 
fractions (Fig. 6). After drying, the sediment from the cores was additionally 
examined and classified using the Wentworth grain size classification (Fig. 7). In 
both cores, the sediment size taken from a depth of 0 to 5 centimeter ranged from 
0.00006mm to 0.0039mm classifying as ‘Clay/Very Fine Silt’. The remaining depth 
fractions ranged from 0.0039mm to 0.0156mm and classified as ‘Fine Silt’ on the 
Wentworth scale. 

According to historic benthic surveys, the area surrounding and including our study 
location is primarily ‘Mud’, ‘Gravel’, and ‘Natural Oyster Rubble’ (Fig. 1). We 
support these findings, as they coincide with the findings of our sediment analysis 
although larger grains sizes (e.g. ‘Coarse Sand’, ‘Fine Gravel’) were not recorded. 
We believe these sizes were found at depths below 20 centimeters; however, 
further analysis is needed to confirm this hypothesis. Our results suggest a large 
amount of silt covering all hard bottom substrate, which may inhibit settlement of 
oyster larvae but may not impact larger oyster seeding and settlement. 
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Figure 6. Bar graph depicting the comparison of water weight (blue) vs. sediment 
weight (gold) from two core samples at the Manresa relic reef. Core 1 sample was 
taken at 39°00.115N, 76°29.400W and Core 2 sample was taken at 39°00.198N, 
76°29.463W. 

Figure 5. Full size sub-bottom imagery collected at Manresa relic reef using 
Edgetech 3100 Sub-Bottom Profiler proving the presence of a relic reef structure.

Figure 8. MIDN Vallancey-Martinson seals both ends of PVC pipe with duct tape to prevent 
air leaks before attaching to oyster larvae deployment sled; Sled prototype submerged  in 
USNA Hydromechanics Laboratory tow tank to examine buoyancy.
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CONCLUSIONS & FUTURE WORK

• The ‘Manresa Relic Reef and Restoration Site’ is potentially viable for future oyster restoration 
efforts; however, further research is needed to understand the sediment loading dynamics that 
may inhibit larval settlement and growth.

• Additional time should be spent analyzing the ‘larval seeding benthic sled’ prototype for 
feasibility as a larval oyster dispersal device (Fig. 8). Initial testing suggests that future work 
should examine the use of the PVC seeding device without the benthic sled manifold.
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