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ABSTRACT 

Oysters evolved in three-dimensional reef structures in the Chesapeake Bay, and these 
structures are very likely important to the oyster's ability to survive. Three-dimensional oyster 
reefs have been mostly removed by harvesting activity. This project has continued efforts in 
Virginia to rebuild oyster reefs in structures similar to their undisturbed (by man) form, with the 
hypothesis, that, an optimal physical environment for the oyster will improve its survival. A 3,040 
linear foot oyster reef in a configuration with two reef lines parallel and two lines perpendicular 
to the tidal current was constructed using shucked oyster shells for the reef material. Siting 
controversies resulted in a less than optimal location for this reef; however, information will be 
provided on settlement and growth of oysters in relation to tidal flow. 
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INTRODUCTION 

The oyster resource in Virginia's portion of the Chesapeake Bay is at a critically low level. 

The oyster is a pivotal organism in the ecology of the Chesapeake Bay and it's numbers have 

supported a very substantial commercial fishery. Years of harvesting, habitat destruction, 

pollution, and severe disease-induced mortalities have reduced oyster populations, and Virginia's 

annual oyster harvest from 10-15 million bushels in the 1800's to less than 40,000 bushels in 1994. 

Oysters evolved in three dimensional reef structures, and there is reason to suspect that since 

oysters evolved in reef structures, that the reef structure was important to the oyster's ability to 

survive. Historical accounts indicate that during colonial times many oyster rocks in Virginia 

were exposed at low tide. After years of harvesting most reefs are just "footprints" of former 

elevations at a minimum several feet below mean low water (ML W). At the same time that the 

reefs were being removed by harvesting, there have been major changes in water quality of the 

Bay and for the last three decades there has been the devastating effects of the two protistan 

parasites, Perkinsus marinus (11Dermo 11
) and Haplosporidium nelsoni ("MSX").The reproductive 

potential of the oyster has been severely compromised by the low population levels and the 

shrinkage of optimal reef habitat. 

Reef restoration was a major recommendation of Virginia's 1992 Blue Ribbon Oyster 

Panel. Additionally, the Governor of Virginia in 1994 signed the Chesapeake Bay Aquatic Reef 

Plan and Oyster Fishery Management Plan, both of which called for the creation of 5,000 acres of 

oyster reef habitat during the next five years. In 1993, the VMRC Oyster Replenishment Program 

began two projects to investigate both the value of reef structures for the survival of the oyster as 



well as methods by which reefs could be constructed. We have attempted to build oyster reefs 

similar to those present in the oyster community in its undisturbed (by man) form, with the 

hypothesis that an optimal physical environment for the oyster will be created and that the oyster 

will strike and grow in an improved manner compared to that observed on the bottom. The first 

project was in the Piankatank River (Figure 1) and involved the construction of an intertidal 

oyster reef made entirely from shucked oyster shells. Shells were loaded on barges at shucking 

houses, moved by tugboat to the Piankatank River and offloaded by water cannon. The reef was 

constructed parallel with the direction of tidal movement on the footprint of an old oyster reef 

Water depths were approximately seven feet at high tide and oysters were deployed in a 1000 foot 

long by 100 foot wide, 5 to 7 foot high reef structure that consisted initially of 22 individual 

intertidal mounds. The Piankatank normally has an 18 inch tidal range and all 22 mounds were 

covered at high tide and exposed to some degree at low tide. This reef project had a total cost of 

$137,908 or $137.91 per linear foot. Building reefs with shucked shells which are transported 

from land appears very expensive for significant restoration efforts. 

A second construction technique was tested at Wreck Shoals in the James River. At 

Wreck Shoals, historic bathymetric and oyster survey information was examined to select an area 

that would have firm bottom and high buried shell content. Marine construction proposals were 

then solicited to build, using the bottom substrate, 25,000 linear feet of 5 to 6 foot tall reef 

structures in water depths of 12 feet. Specifications limited the depth that contractors could dig 

when building the reef structures. Several methods were proposed, and the construction method 

chosen used a clam shell dredge on a barge. Thirteen parallel berms were constructed using the 

clam shell dredge to mound bottom substrate in a pattern similar to field furrows (Figure 2). The 



cost of this project was $251,887 or approximately $10.08 per linear foot. After construction, 

80,000 bushels of clam shell cultch were spread on the reef area, which covered a total of 

approximately 50 acres. This increased the final cost to approximately $12 per linear foot of reef 

This method appears to be the most cost-efficient method of constructing significant amounts of 

reef structures. 

Both of the 1993 reef projects were in historic oyster habitat with moderate salinity (15-

20ppt), where modest setting potential still exists, and both oyster diseases (MSX and Dermo) 

are present which should give long term information on disease mortality. Spat sets were light in 

both areas in the summer of 1993 and 1994; however, oysters are now apparent on both sites. 

Results are preliminary, but in the fall of 1994, there were more oysters per meter on the 

Piankatank River Reef than on the Wreck Shoals Reef (5 or 10 to 1 ). The larger population of 

oysters on the Piankatank River Reef may have resulted from the thickness of oyster cultch which 

may have increased the survival of the young oysters. However, many differences in the reef sites 

may have brought about these differences, including reef configuration, substrate material, 

geographic location, broodstock levels and water depths, and all of these factors continue to be 

monitored. 

The current reef project continues the investigation of the creation of oyster reef habitat 

and willevaluate development of the oyster reef in relation to its orientation with current flow 

direction. 

METHODS, 

This reef project location was proposed for approximately one and a half miles west of the 



Wreck Shoals Reefin an area of historically productive though currently unproductive public 

oyster bottom. Additionally, the proposed reef would have been constructed with marine 

construction equipment using bottom substrate to construct a reef in a pattern similar to the 

"spokes of a wheel" radiating out from a center hub. Pairs of 800 foot long reefs would radiate 

from the center in at least eight directions from the center hub. Individual reef structures in each 

pair were prepared to be approximately 5 feet high and 16-20 feet wide and would have been 

spaced approximately 40 feet apart. This construction technique was the most cost-effective in 

our previous studies, and this pairing allowed a further construction cost savings in that they 

could build the structures on both sides of a barge simultaneously and only one reference siting 

point would have to be moved for each pair of lines, as the center "hub" reference site remained 

constant. The project had been through scientific peer review and a successful construction 

bidding process; however, in May, approved site and methodology were challenged by local 

watermen (Attachment 1). As a consequence of this challenge, the project was delayed and a 

committee of watermen and fisheries managers was appointed to choose a new site and review the 

proposed methodology. After examining several sites in the James River, the committee chose a 

site on barren, shifting, sandy bottom, on the public (Baylor) oyster grounds inshore of 

Rocklanding Channel near Mulbeny Point (Figures 2 and 3). In many ways, the committee 

decision stood in opposition to the principles of the funded project. There were no living oysters 

on the construction site; however, oyster beds were upriver and downriver of the site. The annual 

records for salinity on the site varied from a minimum of 0 ppt to a maximum of around 12 ppt, 

but averaged 5 to 10 ppt. Neither Dermo no MSX were suspected to cause mortality in this 

area; but, oysters were subject to freshets. Tidal currents in the area were extremely rapid, both 

ebb and flow. It is not known why the oysters did not exist on this site; nevertheless, a majority 



of the committee believed that if substrate was placed at this site in a reef structure, oysters would 

colonize the reef 

The committee also decided to change the construction method. As originally proposed, 

marine construction equipment would mound bottom materials on site to create the reefs and then 

cap the structure with shell veneer. The committee recommended the construction of the reef 

from deployed shell material. Shells would be purchased from oyster and clam houses and came 

by barge to the site. Since the cost of the shell method was much more than the bottom 

construction method that was originally proposed, the design of the reef had to be simplified. 

Only four lines of reef structure were surveyed and marked for deployment in an orientation 

where two lines were approximately parallel with the tidal flow and two lines were approximately 

perpendicular to the tidal flow (Figure 4). Water depths at the site varied from 5 to 12 feet 

MLW. Construction began on August 17 and was competed on September 23, 1994. During 

each deployment of shells, a barge was placed in a parallel position adjacent to one at the lines 

which had been marked by flags. A spud barge with a crane held the shell barge in place. A 

water cannon on the shell barge was maneuvered with a "bobcat 11 loader and shells were washed 

off one side for the entire 150 length. Each bargeload completed 150 to 200 feet of mound 

approximately 6 feet tall and 15 to 20 feet wide. A total of 3,040 linear feet of structure was 

completed with lines 1 (841 ft) and 4 (840 ft) being partially intertidal and line 2 (794 ft) and 3 

(564 ft) being entirely subtidal. A total of302,390 bushels of shells was placed in reef structures 

at an average cost of$0.95 per bushel or $94.75 per linear foot ofreef(Table 1). 

RESULTS AND DISCUSSION 

A reef structure which may provide information on the survival and growth of oysters in 



relation to tidal flow was constructed. In recent years, spatfall has occurred in the James River 

between late July and mid-September. Due to the delay in the siting process of the second reef 

site, the construction occurred late in the oyster setting season and we observed no spat set during 

1994. In April 1995, several areas in the reef were examined by SCUBA, and again no spat were 

apparent. The shells appear clean and should be available for larval attachment in 1995. The 

rapid movement of the tidal flow in the area has resulted in extremely difficult sampling conditions 

for an accurate assessment of settlement; however, efforts will be continued in the fall of 1995. 

Intertidal areas on two lines of the reef were apparent at the completion of construction. 

Both of these lines now appear subtidal as the height of the reef appears to have been lowered by 

rapid tidal movement. This was a major concern with the location of the reef on this site and 

indeed the height of the reef may continue to be lowered through time. Additionally, bathymetric 

tracing of the bottom next to the reef shows large sand ridges that indicate large amounts of sand 

transport at this site and we continue to have concerns for the long term stability of the reef Our 

program will continue to monitor the colonization of this reef for the next several years. 

In conclusion, Virginia's oyster reef program did not create the most optimum nor cost 

effective oyster reef structure in the current project. Nevertheless, we gained further insight on 

the potential difficulties in reef siting in areas that are still actively harvested. From these lessons, 

we have sited the 1995 reef projects in areas that are less controversial (Figure 1). As these reef 

projects are proven valuable for oyster restoration, we will again make proposals to rebuild reef 

habitat in this very important area ofVirginia 1s last commercial oyster fishery in the James River. 
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