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Abstract 

The eastern oyster (Crassostrea virginica) is economically and ecologically important in the Great 

Bay Estuary (NH). Unfortunately, there were dramatic declines in oyster abundances after the first MSX 

epizootic occurred in 1995, and efforts are now underway to restore oyster populations. This research 

project tested the following hypotheses: (1) Spat stocking density affects early reef performance; and (2) 

Cultch material affects remote setting success and early reef performance. Twelve mini-reefs were 

constructed adjacent to an existing oyster reef. Each randomly placed mini-reef (2x3 m) consisted of a 

combination of two variables, replicated three times: reef spat stocking density (high: ~2500/m2 or low: 

~500/m2) and cultch type (concrete/rock or oyster shell). Larvae spawned from native Maine broodstock 

were set in two 3,000-gallon tanks. Initial larval settlement rate on the concrete/granite cultch was 9.1%, 

compared with 16.5% on the oyster shell. After settlement, the spat still in cultch bags were transferred to 

a raft, which functioned as a nursery area adjacent to Jackson Lab. Spat had an excellent survival rate on 

the raft (near 100%). Spat growth was steady, with an average increase of 17.2 mm on concrete/rock and 

8.2 mm on oyster shells. After creation in 2003, early reef performance showed an expected drop in 

density after winter, but excellent growth rates on both cultch types. 
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Introduction 

The eastern oyster (Crassostrea virginica) has long supported an important recreational fishery in 

New Hampshire (NHEP, 2000). In the recent past, oysters have also been recognized as an ecological 

resource, often referred to as a keystone species. An adult oyster can filter as much as 200 liters of water 

per day (Powell et al., 1992). Hence, oysters perform a role in improving water clarity by reducing the 

suspended sediment concentration and removing nutrients (nitrogen and phosphorus) from the water 

column (Newell et al., 1999). Oyster reefs also serve as habitat for other marine organisms like fish, 

amphipods, crustaceans, polychaetes, and bryozoans (Coen et al., 1999). Given these characteristics, 

the role that oysters play economically and ecologically are of substantial importance and must be 

protected.  

Oyster densities are monitored in several ways in New Hampshire. Surveys are done primarily by 

New Hampshire Fish and Game (NHF&G) and consist of yearly fall samplings as well as recreational 

harvester reports. Concern for the status of oysters in Great Bay became a priority in the early 1990’s 

when harvesters and researchers noticed a large decline in the populations of major reef areas. In 1995, 

the oyster disease, MSX, was confirmed as present in the Great Bay system.  Since 1957, this disease 

had been a major problem in the Delaware and Chesapeake Bay, but had not extended its range past 

New York.  

MSX is caused by a spore-forming protozoan parasite, Haplosporidium nelsoni (Barber et al., 

1997). The main stage of the protist in the oyster is a multi-nucleated plasmodium, which ranges in size 

from 5-100 microns. Interestingly, the infective stage of this protist has never been fully determined and 

an infection has never been documented in the laboratory. The infectious stage is thought to be a 

uninucleate form that is released by a spore (Ford and Tripp, 1996). Dermo, another oyster disease that 

is caused by a protozoan parasite, Perkinsus marinus, has also been detected since 1995 but at a lower 

infection level than MSX (Jones, 2000). Dermo is transmitted directly from oyster to oyster and is 

becoming more prevalent in Great Bay each year. Due to these losses, oyster harvests have decreased 

from 5,000 bushels by 1,000 licensed harvesters in 1991 to 2,700 bushels by 661 harvesters in 1997 

(NHEP, 2000). Previous to 1995, projects conducted by NHF&G such as shell planting programs and 

oyster seeding had been relatively successful in restoring portions of the population (Ayer et al., 1970; 
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Nelson, 1998). However, the die-off from the disease outbreak and other pressures like overharvesting, 

habitat loss and increased siltation have resulted in decreased oyster abundance throughout the estuary 

(Smith, 1999; 2000; NHEP, 2000).  

 

Project Significance 

This research project was designed to address two areas of significance identified by the National 

Estuarine Research Reserve System: habitat conservation and/or restoration, and mechanisms for 

sustaining resources within estuarine ecosystems. With respect to the Great Bay NERR, the New 

Hampshire Estuaries Project Management Plan (NHEP, 2000) set priority level concerns for both shellfish 

resources and habitat restoration (not explicit to, but including oysters). NHEP management goals were 

set for assuring that shellfish reefs support healthy marine ecosystems, to provide strategies for 

restoration of shellfish communities and habitat, and support coordination to achieve environmentally 

sound shellfish aquaculture activities (see Action SHL-8 of Management Plan). Langan (2000) 

recommended specific restoration strategies for Great Bay reefs. The Adams Point reef was described as 

having four major limiting factors: lack of clean shell, disease, siltation and predation. The present project 

primarily addressed disease (the larvae came from disease-resistant, fast-growth broodstock) and 

siltation (the experimental reefs were elevated above the bottom). However, information relevant to all 

four of these factors, as well as information potentially useful in the design of full-scale restoration efforts, 

will be gathered as part of other studies on the constructed reefs. The proposed project also addressed 

the recently set goal of restoring 20 acres of oyster bottom in the Great Bay system by 2010 (Trowbridge, 

2003).   

 

Research Hypotheses 

The following were the primary hypotheses tested:  

(1) Spat stocking density affects early reef performance. 

(2) Cultch material affects remote setting success and early reef performance. 

 

 



 7 
 

Methods 

Site Description 

The Adams Point oyster reef, which is situated at the mouth of Great Bay, was selected as the 

location for this experiment for several reasons (Figure 1). Jackson Estuarine Laboratory (JEL) lies within 

walking distance of the shoreline adjacent to the reef, thus allowing easy access and regular surveillance. 

Secondly, the reef area was mapped in 2001 using acoustics, underwater videography, and diver quadrat 

sampling as part of a project involving UNH's Center for Coastal and Ocean Mapping, JEL and NHF&G. 

The area proposed for the experimental reefs is the western third of the reef area. This area has 

extensive hard bottom with existing shell, but densities of living oysters are low. The majority of the 

Adams Point reef, including the proposed experimental restoration area, is in water <2 m deep at MLW 

which facilitated reef construction and periodic inspection. Finally, this reef had been identified as a good 

candidate for restoration (Langan, 1997; 2000).  It is also one of six major existing reefs in the Great 

Bay/Piscataqua River system, and one of only three productive reefs remaining in waters approved for 

shellfish harvesting. 

 
Experimental Design 

The two hypotheses were tested by constructing 12 randomly positioned mini-reefs adjacent to 

an existing oyster reef. Each mini-reef (2 x 3m) consisted of a combination of two variables, replicated 

three times: spat stocking density (high: ~2500/m2 or low: ~500/m2) and cultch type (concrete/granite or 

oyster shells). Figure 2 illustrates the experimental placement of the reefs. 

 
Permits and Notifications 

In June of 2003, final permits to begin work on this project were received in the form of a NHF&G 

permit to import wildlife (for obtaining larvae), NHF&G Scientific Permit and a New Hampshire 

Department of Environmental Services Standard Dredge and Fill Permit. In addition to NH DES approval, 

the Standard Dredge and Fill permit required authorization from the National Marine Fisheries Service, 
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Figure 1.  Site map of Great Bay with experimental reef area 
highlighted in red. 

 
Figure 2.  Existing natural Adams Point oyster reef (----) 
shown with adjacent experimental reef area with 2x2x3 
factorial design. Question marks denote undetermined 
boundary of natural reef area. 
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Army Corps of Engineers, Environmental Protection Agency, US Fish and Wildlife, New Hampshire Port 

Authority, and the Durham Conservation Commission. All pertinent abutters were notified of the project. 

Additionally, all permitted local oyster harvesters were notified by letter of the research project 

(approximately 150 meters from reef open for harvesting). On the whole, they were very supportive. 

 

Remote Setting and Reef Construction 

Seasoned oyster shell (out of water about 2 years) was procured from the University of 

Maryland’s Horn Point Laboratory. Concrete/rock conglomerate was obtained from a local masonry 

supply store. Cultch types were bagged separately using plastic mesh bagging (primarily used for lobster 

bait). Each bag was made into three lobes to increase surface area for settlement and to prevent cultch 

from settling to the bottom of bag (Figure 3). Bags were placed into separate 3000-gallon tanks and 

seasoned in filtered bay water for 5 days before setting began (Figure 3). Tanks were then filled with 

fresh water on the day that larvae arrived and lightly aerated in preparation for the addition of larvae. 

Remote setting of larvae was carried out at JEL following standard methods (e.g. Castagna et al., 

1999) and completed at approximately the same time as natural set occurs in Great Bay (July). Eyed 

oyster larvae were received from Muscongus Bay Aquaculture (Maine fast-growth). Larvae were shipped 

to JEL via overnight shipping services. Before arrival of larvae, clean buckets were filled with filtered 

seawater and allowed to come to room temperature. Upon arrival, larvae were removed from container 

and allowed to come to room temperature. When room temperature was reached, larvae were split in half 

and added to each bucket. Then, they were gently swirled with a clean plastic ladle to separate them. An 

aliquot of larvae was removed and examined under the microscope for general health (e.g. stomach 

fullness, eye spots, beating cilia). Buckets were then placed in running seawater tanks to slowly bring 

seawater and larvae to the temperature of the 3000-gallon tanks. Larvae were slowly added to the center 

of each tank. Larvae were fed in the morning and afternoon with a special algal paste (Reed Mariculture, 

Instant Algae©) for bivalve larvae. Amount of paste fed to larvae was based on size of larvae and stomach 

content. Samples of concrete/rock conglomerate and shells were sampled on a daily basis for mortality 

and to determine settlement rate. Tanks conditions (salinity, temperature, dissolved oxygen, and pH) 

were monitored twice per day. 
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Figure 3.  Top: Concrete/rock conglomerate in shell bags; Bottom: bags in 
tank ready for setting. 
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When no larvae remained in the water column and settled oysters (spat) showed signs of post-

settlement metamorphosis, water was drained and fresh, unfiltered bay water was added to the tanks. 

The water was supplemented with algal paste to ensure adequate food. After 2 days, all bags were 

transferred to a floating raft nursery area in a protected cove adjacent to JEL. Spat from both cultch 

treatments were sampled on a weekly basis for growth and mortality. Spat were held suspended under 

the raft until they reached approximately 15-25 mm in shell height. This period (~ 2 months) ensured that 

oysters were protected from the high levels of predation associated with the benthic intertidal zone.   

During the nursery period, granite rocks (~25-50 mm in diameter) were acquired from a 

construction supply company. Rocks were used to build-up the experimental reef area approximately 10-

15 cm to avoid siltation problems in the future. Rocks were delivered in large drums, transferred via crane 

to a boat, and then spread on the reef area by hand. After letting the area settle, the reef area was staked 

out with PVC and the four treatment combinations (replicated three times) were randomly placed within 

the grid (Figure 4). 

 

Oyster Reef Construction 

 To determine how many oysters were placed on each experimental reef, the mean number of 

oysters per cultch bag was first determined. This information was collected from the final sampling of the 

bags on the nursery raft. The number of oysters needed for each experimental reef was determined by 

multiplying the stocking density (500 or 2500/m2) by the reef area. The appropriate number of bags was 

then transferred to each experimental reef area by hand. 

 

Reef Sampling and Data Analysis 

 Experimental reefs were sampled by snorkeling at the spring low tide, when conditions allowed. 

This allowed approximately 2.5 hours on the reefs. Each sampling took two days to complete. Three 

random quadrats were set on each reef, all concrete/rock or shell was excavated, and placed in dive 

bags. Dive bags were transferred into anchored boat, where all oysters were counted and 30 oysters 

were measured (shell height to nearest 0.1 mm) with calipers. Predators living on cultch were noted. Data  
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Figure 4.  Top: Granite rocks in barrels ready to be transferred to boat for reef 
deployment Bottom: Rocks being deployed to reef treatments from boat. 
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were analyzed using Microsoft Excel (2000) and Systat (8.0) and graphics were created using SigmaPlot 

(2000). 

 

Results  

Remote Setting 

The Maine larvae had an extremely high settlement survival rate (~25%) and near-100% survival 

on the nursery raft. This is compared to previous remote setting our laboratory has completed, where total 

settlement rates were 2-5%. Oysters grown on the shell cultch had a 16.6% set rate, while the oysters on 

the concrete/rock cultch had a set rate of 9.0%. 

 

Nursery Raft Survival and Growth 

Spat survival in the raft nursery area was excellent throughout the summer (Figure 5).  After 

transfer from the tanks to the rafts, the first sampling (Age = 27 days) indicated that the total number of 

oysters on the concrete/rock conglomerate treatment was 614,016, while the shell had a total of 404,352 

oysters. Over the course of the grow-out period, the number of oysters on the concrete/rock 

conglomerate declined to 334,656, while the number of oysters on the shell treatment declined to 

265,680. There were no significant differences within treatments. 

Oysters were monitored for growth throughout the nursery period, including the day of the 

experimental reef construction (Age = 76 days). On the day of transfer from the tanks, random samples 

taken from cultch bags showed that the mean size of oysters on the concrete/rock conglomerate was 

7.39 mm, where the spat on the shell had a mean size of 8.48 mm (Figure 6). The oysters grew steadily 

until the creation of the experimental reefs. Between day 62 and 76, oysters on the concrete/rock 

conglomerate had an increase in growth (mean size = 24.6 mm), while mean size of oysters on the shell 

treatment remained the same (mean size = 16.7). 
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Figure 6.  Oyster growth in the nursery raft until moved to the experimental 
reefs. 

Figure 5.  Oyster density on the nursery raft until moved to the experimental 
reefs. 
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Survival and Growth of Oysters on Experimental Reefs 

In October of 2003, the experimental reefs were constructed. At this point, mean oyster size was 

between 17 and 25 mm. Constructed reefs were first sampled one-week post-construction (Figure 7). At 

this time, both low and high treatment levels for the concrete/rock reefs and the shell/low density 

treatment were within the appropriate stocking density (556.9/m2, 2509.3/m2 and 829.3/m2, respectively), 

while the density of oysters on shell/high density reefs was lower than expected (1269/m2). Additional 

oysters grown on shells were added to the high density. During the next sampling (November), data 

collected proved to be more difficult due to extreme turbidity at the time of sampling. It did show, however, 

that we were successful in raising the density of oysters on the shell/high density reefs to a more 

acceptable level (2007.0/m2). The next sampling took place after ice-out in June 2004. As expected, the 

sampling indicated that oyster densities had decreased considerably over the winter. The July 2004 

sampling also showed a slight decrease in the high density treatments. Sampling will continue after ice-

out and through 2005 with additional funding from a UNH Hatch Grant. 

Oyster growth was monitored on the same schedule as the density measurements (Figure 8). 

The mean size of oysters on both treatments remained similar until June 2004. After this point, oysters 

showed a significant increase in size (39.4 and 38.2, respectively). Conditions in Great Bay prevented 

sampling as scheduled in August, but a sampling of oysters sent for disease testing from the 

experimental reefs indicated that the mean size of oysters from both treatments was 61.8 mm. Again, 

sampling will continue throughout 2005 with funding from a UNH Hatch Grant. 
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Figure 7.  Mean density of oysters on experimental reefs. 

Figure 8.  Mean size of oysters on experimental reefs. 
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Discussion 

NHEP Restoration Goals 

The state of New Hampshire identified enhancement and restoration of shellfish habitats as a 

critical area in their 2000 Management Plan (NHEP, 2000). They cited the fact that the shellfish 

populations are an important indicator of water quality and overall health of estuarine populations as well 

as an important recreational and cultural resource for this region of New Hampshire. In addition to 

earmarking funding and creating a set of goals, they also set an objective of increasing oyster reef 

acreage to 20 acres by the year 2010. Although intended primarily as an experimental project, this 

research project provided additional 0.06 acre of reef area in Great Bay. Furthermore, the success of this 

project initiated a research/restoration project funded by the New Hampshire Estuaries Project at Nannie 

Island as well as an enhancement project funded by the town of Dover in the Bellamy River. 

 

Concrete/rock vs. Oyster Shell as a Source of Cultch 

 Traditionally, aquaculturists use shell in remote setting, preferably mollusc shells, because oyster 

reefs naturally occur in this manner. Unfortunately, the lack of available shell in New Hampshire has 

made it imperative to determine another source of cultch for oyster reef restoration projects. In this 

project, a concrete/rock conglomerate was tested in comparison to natural oyster shell for the remote 

setting process and in reef creation. During the remote setting process, oysters were observed setting in 

high densities on the concrete/rock conglomerate. Additionally, under visual inspection, the concrete/rock 

pieces had a surface area comparable with that of natural shell. Oyster larvae were observed settling in 

many ridges and small holes. Images in figure 9 illustrate that the concrete/rock was a suitable choice for 

remote setting of oyster larvae in comparison to the natural shell. 

Before the spat were transferred from the setting tank, a final count was taken. The average 

number of spat per rock was 79, while the average number of spat per shell was 32. Less concrete/rock 

pieces fit into the required number of 3-lobed bags (2880) as compared to shell (12,960). This contributed 

to the reported lower settlement rate for the concrete/rock pieces as well as possible sampling artifacts. 

An important characteristic of the concrete/rock cultch in this type of remote setting is that it does not tend 

to compress together in the mesh bags. We have noted this occurring when using shell in the mesh bags 
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during previous experiments. Consequently, during this experiment, we noted that the larval oysters had 

more surface area to settle on in the bags that contained the concrete/rock. Larvae did not seem to settle 

on the oyster shells that were in the centers of the bags and favored the shells facing the outside of the 

bags. This was not the case with the bags that had concrete/rock cultch, where oyster larvae had settled 

on all surfaces regardless of orientation. Additionally, spat on the concrete/rock had a growth spurt after 

day 76 in the raft nursery area (see Figure 6). We hypothesized that this occurred because of this space 

differential. Visually, oyster spat had much more space in the concrete/rock cultch bags, allowing for more 

water flow and food availability. Therefore, the oyster spat in the nursery area were able to grow at a 

significantly higher rate (p<0.05) than the spat on the shell cultch. Additionally, after transfer to the 

experimental reefs, oysters on both cultch types had good growth rates and remained at the same level. 

 

Creation of Experimental Reefs – High vs. Low Density 

 Reefs were created at two different density levels for this research project (500/m2 and 2500/m2). 

This section of the project was designed to determine the optimum reef stocking density for Great Bay 

Estuary. This is particularly important for design and management of the small-scale research projects 

that are typically conducted in the Estuary. 

 During the creation of the experimental reefs, the greatest challenge was adding the specific 

amount of oysters to the reefs. The first sampling in October 2003 showed that low density reefs (both 

shell and concrete/rock treatments) and the high density, concrete/rock reefs had the correct amount of 

oysters on them to begin the project (see Figure 7). The high density, shell reefs only had about half of 

the oysters necessary for the treatment (1269/m2). Additional oysters on shell cultch were placed on the 

reef within one week and an appropriate density was reached. One possible explanation for this 

occurrence could be that the actual density of oysters in each shell cultch bag was overestimated (see 

discussion in Concrete/rock vs. Oyster Shell as a Source of Cultch). In subsequent samplings, density on 

the experimental reefs fell (as expected), but the high density treatments always maintained a higher 

density of oysters than the low density treatments. Therefore, the high density reefs were able to support 

a greater number of oysters for almost one year. A higher density of oysters will predictably allow 

maintenance of a base population of oysters that can persist through times of disease outbreaks and high 
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predation. These reefs will be monitored through 2005 (depending on ice situations) for growth and 

survival. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9.  Oyster spat growing on the concrete/rock (top) and oyster 
shell (bottom). Photos were taken approximately one month after 
remote setting. 
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Future Directions 

 Based on the success of using an alternative cultch source in this project, a second grant, using 

the same technique, was funded by the New Hampshire Estuaries Project in 2004. This new project used 

remote setting of the fast-growth Maine larvae and will also look at constructed reef structure as well as 

restoration of more reef areas in New Hampshire. Currently, we have a reef restoration project funded by 

the City of Dover, NH (using funds from an EPA fine for violating the Clean Water Act) aimed at using 

techniques refined by this project and others. 
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