BROOD STOCK SOURCES FOR HATCHERY-BASED STOCK ENHANCEMENT OF OYSTER REEFS: ESSENTIAL QUESTIONS AND RECOMMENDATIONS.  Allen, S.K. Jr., Aquaculture Genetics and Breeding Technology Center, Virginia Institute of Marine Science, College of William and Mary, Gloucester Point, VA 23062, U.S.A.

Oyster populations are subdivided into genetically distinct-units with major divisions occurring over large geographic scale because of larval dispersal. Populations resist local adaptation because of population mixing through migration. However, over the course of the last 50 years, populations of Chesapeake Bay oysters may have lost alleles for disease resistance from the combination of disease mortality followed by heavy harvesting of survivors. Artificial breeding can increase the frequency of disease resistant alleles and several varieties of disease resistant oysters are available as brood stock today. Some of these strains have been used to populate reefs and are likely to survive, grow, and breed on the reefs. Reproduction of the disease resistant strains will produce disease resistant spat over surrounding areas. There may also be natural stocks of oysters that resist disease such as those from the Gulf of Mexico where Dermo historically occurs. However, using “artificial” or genetically distinct oysters from the hatchery for reef restoration could also entail some risk to natural genetic diversity. For example, artificially selected populations have (by definition) reduced genetic variation over wild stocks. Interbreeding of the two may alter wild populations. At present, the risk (or benefit) of using alternative stocks is unknown. The results and recommendations from a workshop on “genetic considerations for hatchery-based reef restoration” will be presented.

ECOLOGICAL FUNCTION OF OYSTERS IN SOUTHEASTERN NORTH CAROLINA.  Alphin, T.D., and M.H. Posey, Center for Marine Science, UNC-Wilmington, 1 Marvin Moss Lane, Wilmington, NC 28409, U.S.A.

Oysters serve a variety of functions within the estuarine systems of southeastern North Carolina. A number of juvenile fish and decapods utilize oyster habitat for refuge/forage during some portion of their lives. Here we present results from several studies evaluating the utilization of oyster habitat by juvenile fish and decapods compared to alternate habitats. Abundances of fish and decapods were examined in isolated and mixed oyster habitats using Breder traps in small tidal creek estuarine systems while net sampling was employed to compare faunal abundances in oyster reefs along larger spatial scales in the presence and absence of seagrass beds. In both cases, abundances in oyster reefs were compared to vegetated or unvegetated marsh edge habitats. On the larger scale, use of oyster reefs was also compared to abundance patterns within seagrass beds. The mixed results of these studies indicate that the importance of oyster reefs as a refuge/forage habitat varies seasonally within a given system as well as among small estuarine systems based on the presence of alternate habitats. We also present preliminary information on more indirect effects of oysters as modifiers of water quality, using transplant/removal studies.

SIMPLIFICATION OF SHELLFISH RESTORATION METHODS.  Bishop, D., Fukui North America, P.O. Box 119, 523 Island View Drive, Golden Lake, Ontario, CANADA

As the shellfish aquaculture industry continues to grow, methods of husbandry to reduce labour, increase yield and produce higher quality products are in a constant evolution.  Based on the simple fact that smart people learn from their mistakes and really smart people learn from others mistakes, there is a lot that can be learned from the aquaculture industry to transfer to restoration projects.  While all the answers for husbandry are not in place, many dynamics and protocols positively affect restoration projects by moving them forward at a faster pace.  Attitudes towards labour efficiency using different equipment ideas and management techniques will be discussed. This will give attendees references that used as-is or with slight modification, could benefit their efforts significantly.  Interactive audiovisual presentation with examples of methods in use today from around the world will enhance the presentation.

EXPANDING AND SUSTAINING SHELLFISHERIES OF CASCO BAY.  Bowen, M., Normandeau Associates, Normandeau Associates Inc., 251 Main St. Yarmouth, ME 04096 U.S.A., K. Groves, Casco Bay Estuary Project, University of Southern Maine, Law School Building, Portland, ME 04104, U.S.A., C. Heinig, MER Assessment Corporation, 14 Industrial Parkway, Brunswick, ME 04011, U.S.A. and A. Frick, Albert Frick Associates.Inc. 95A County Rd., Gorham ME 04038, U.S.A.

One of the missions of the Casco Bay Estuary Project is to ensure communities around Casco Bay in Maine have a healthful shellfish harvest that sustains commercial and recreational shellfishing for generations to come.  A “clam team” of stakeholders including the US Environmental Protection Agency, the Friends of Casco Bay, Maine Department of Marine Resources, individual cities and towns, and the Maine Department of Environmental Protection was formed to find the most productive shellfish areas currently closed to harvest, determine sources of contamination, and find ways to remediate. A field review of the 57 clam flats -800 acres- of soft-shell clam habitat that are currently closed to harvest targeted 22 of these, totaling 370 acres of highly productive clam flats. Review of water quality data pinpointed sources of contamination.  Many of the flats are closed simply due to the presence of an overboard discharge (OBD) system that treats household waste.  The project is currently supporting an intensive effort to design and construct replacement systems, a collaborative effort between the towns, state, and individual homeowners. Additional water sampling efforts are in progress to determine other nonpoint sources of contamination, including farm runoff, leaking septic systems, and wildlife. A third element of the project is investigating the sustainability aspect, investigating the effectiveness of regulatory options including licensing, harvest limits and techniques, and conservation closures.

DNA FINGERPRINTING OF NONPOINT SOURCE ESCHERICHIA COLI CONTAMINATION IN A CHESAPEAKE BAY WATERSHED.  Frana, M.F., Department of Biological Sciences, Salisbury State University, 1101 Camden Avenue, Salisbury, MD 21801, U.S.A., E.A.Venso, Environmental Health Science, Salisbury State University, 1101 Camden Avenue, Salisbury, MD 21801, U.S.A., K. Brohawn, W. Beatty, M. Ellwanger, R. McKay, and B. Evans, Maryland Department of the Environment, Technical & Regulatory Services Administration, 2500 Broening Highway, Baltimore, MD 21224, U.S.A., M. Phipps-Dickerson, Wicomico County Environmental Health Department, Seth H. Hurdle Health Center, 108 East Main Street, Salisbury, MD 21801, U.S.A.

Fecal coliform contamination has closed shellfish harvesting areas and public beaches and threatened recreational areas in the Chesapeake Bay watershed. Bacteriological water quality testing currently performed in these watersheds does not identify the sources of contamination. Therefore, no pollution control or mitigation efforts have been undertaken, despite the large economic impact for this area of the Mid-Atlantic. Possible sources include, runoff from crop fields, wildlife, discharge from boats and runoff from >1,300 animal production farms on the eastern shore of the Chesapeake Bay. Although municipal waste water plant effluent and on-site waste water treatment (septic) systems could contribute, shoreline surveys conducted by the Shellfish Sanitation Program of the Maryland Department of the Environment indicate that nonpoint sources are responsible for the elevated levels of coliform bacteria in this watershed. It is understood that these sources would contribute not only bacteria, but also excess nutrients and possibly other water contaminants that can negatively impact public health as well as the sensitive plant and animal species that dwell in the watershed. The methodologies used to determine the specific sources of E. coli contamination are described, including choice of sample locations and environmental variables, sampling techniques, DNA analysis of strain-specific E. coli, and interpretation of the data. Preliminary data is presented, including selected DNA fingerprints and relationships among and between total coliforms and E. coli MPNs and six environmental and water chemistry variables. Ultimately, Geographic Information Systems (GIS) mapping will be used for spatial analysis as a key to the understanding needed for pollution control and mitigation.

A NATIONAL STRATEGY FOR COASTAL HABITAT RESTORATION.  Brown, D.W., National Marine Fisheries Service, 1315 East West Hwy, SSMC#3, Room 15221, Silver Spring, MD, 20910-3282, U.S.A.

Shellfish habitats make up a significant portion of the important aquatic habitats in our coastal waters that provide the living space for marine and estuarine fish and shellfish. Unfortunately, in many areas along our coastline, many habitats, including shellfish habitat, are being destroyed and the natural systems they support are failing. The National Oceanic and Atmospheric Administration recently joined with Restore America’s Estuaries (RAE) and the Pew Charitable Trusts to launch a major partnership initiative to restore important habitats in our coastal estuaries. A major element of this initiative is to develop a National Strategy for Coastal Habitat Restoration including important shellfish habitats. The purpose of the strategy is to identify specific habitat problems in each coastal region and to determine the most viable restoration approaches to address degraded areas for these regions. The National Strategy will 1) actively promote the increased protection of existing habitats, 2) establish specific regional and national restoration goals and objectives, 3) provide a framework for setting restoration priorities, 4) identify and integrate the science and new technologies needed for effective restoration, and 5) energize cooperative partnerships among private and public stakeholders. This presentation will review ongoing and planned actions by the NGO community, Federal agencies and the private sector to develop a National Strategy for Coastal Habitat Restoration including shellfish habitats by the fall of 2001.

BEYOND THE PROJECT: VALUES OF COMMUNITY-BASED HABITAT RESTORATION. Bruckner, R.J., NOAA Restoration Center, 1315 East West Highway, Silver Spring, MD 20910, U.S.A., and R.L. Takacs, NOAA Chesapeake Bay Office, 410 Severn Avenue, Annapolis, MD 21403, U.S.A.

The NOAA Community-based Restoration Program (CRP) began in 1996 to inspire local efforts to conduct meaningful, on-the-ground restoration of marine, estuarine and riparian habitat. The CRP is a systematic effort to catalyze partnerships at the national and local level to contribute funding, technical assistance, land, volunteer support or other in-kind services to help citizens carry out restoration projects that promote stewardship and a conservation ethic for living marine resources. The CRP links funding and technical expertise to citizen-driven restoration projects, and emphasizes collaborative strategies built around improving NOAA trust resources and the quality of the communities they sustain. Oyster restoration projects, while not all explicitly off-limits to harvesting, have emphasized the habitat benefits of reef restoration, from 3-dimensional habitat conducive to spat settlement, to the benthic organisms that make up the ecological diversity of oyster reefs themselves, to the fish and openwater communities that aggregate around hard-bottom reef habitat. In addition to implementing projects, this innovative funding/partnership source has provided the mechanism to “field test” new restoration strategies, such as reef design and construction, unique management approaches like sanctuaries, reserves, and satellite bars, and often has served as the springboard for larger-scale, river-wide restoration efforts. The availability of technical expertise and matching funds, and the positive results achieved by community-based shellfish restoration efforts have catalyzed other federal, state and local entities to participate, effectively broadening the partnering and stewardship opportunities, increasing the areas available for shellfish restoration, and leveraging the amount of funds available for habitat restoration efforts.

OYSTER BROODSTOCK ENHANCEMENT IN VIRGINIA AND APPLICATION OF A NEW MONITORING TECHNIQUE.  Brumbaugh, R.D., W.J. Goldsborough, and L.A. Sorabella, Chesapeake Bay Foundation, 142 W. York Street, Suite 318, Norfolk, VA 23510, U.S.A., and J.A. Wesson, Virginia Marine Resources Commission, P.O. Box 756, 2600 Washington Ave., Newport News, VA 23607, U.S.A.

The transplanting of both wild and hatchery-produced oysters onto oyster sanctuary reefs is increasingly frequent as a component of oyster restoration efforts in the Chesapeake Bay. Since 1996, oysters have been added to more than a dozen state or privately managed sanctuary reefs in Virginia in an effort to enhance localized oyster spawning success. Wild oysters, purchased with both state and private funds, have accounted for approximately 70% of the total number of oysters added to reefs. Increasingly, however, the oysters added to reefs are hatchery-produced, grown by citizens and students volunteering through programs such as the Chesapeake Bay Foundation’s Oyster Corps. To date, more than 800,000 oysters grown by volunteers have been added to Virginia’s system of reefs. While definitive data are scarce, there appears to be good empirical evidence that these stocking efforts have enhanced spat settlement rates on and around sanctuary reefs. Dive surveys and patent-tong data show substantial increases in localized spat settlement in tributaries where oysters have been added to reefs in recent years. To better understand spat settlement dynamics around the reefs, spat cages, small cages filled with a known volume of shell, are now being used to monitor oyster settlement around selected reefs. A strong correlation exists between spat cage data and diver-surveys on nearby reefs (r=0.95, p<0.0l), suggesting that spat cages may be a low​-cost means of both involving the public in restoration and of evaluating results of broodstock enhancement and reef restoration projects.

NUTRIENT CYCLING IN INTERTIDAL CREEKS ALONG THE SOUTHEAST U.S.: ARE OYSTERS IN CONTROL?  Bushek, D.1,  R.F. Dame2, D.M. Allen1, A.J. Lewitus1, E.T. Koepfler2, and D. Edwards1. 1Baruch Marine Field Laboratory, Baruch Institute for Marine Biology and Coastal Research, University of South Carolina, Georgetown, SC 29442, U.S.A., and 2Department of Marine Science, Coastal Carolina University, Conway, SC 29528, U.S.A.

Ecologically, oyster reefs provide habitat, filter water and facilitate nutrient cycling. We experimentally removed oyster reefs to examine their role in the structure and function of intertidal creek ecosystems. Surprisingly, removal of oyster reefs did not significantly alter nutrient concentrations, nekton usage or phytoplankton production. Our calculations show that oysters do not produce enough ammonium to satisfy phytoplankton productivity, but nekton, water column remineralization and sediments more than account for the deficit. These observations were interpreted as an indication of functional redundancy in the system. Flagellates, which are preferred over diatoms as food by the oysters, dominated the phytoplankton during summer when ammonium concentrations were high. Diatoms dominated during the colder months. Shifts in phytoplankton dominance corresponded to the seasonal arrival and departure of nekton in the creeks. Since nekton comprised more than double the biomass of oysters during summer, fishes and macrocrustaceans may play a greater role in nutrient remineralization than has been previously considered. At the meso-scale ecosystem level, the loss of nutrient remineralization activities attributable to the removal of oyster reefs was compensated by other components within the system, but phytoplankton communities changed, apparently in response to changes in grazing. Oysters clearly play important roles, but defining the importance of shellfish restoration in the management of coastal ecosystems requires an understanding of the ecosystem science, a consideration of scale, and the realization that tidal creek systems exhibit complex responses.

DISEASE RESISTANCE IN A SELECTIVELY BRED CRASSOSTREA VIRGINICA STRAIN.

Calvo, G.W., L.M. Ragone Calvo, and E.M. Burreson, Virginia Institute of Marine Science (VIMS), College of William and Mary, Gloucester Point, VA 23062, U.S.A.

During 1997-1999, DEBY oysters, a VIMS stock that was selectively bred for 4 generations at a disease endemic site in the lower York River, Virginia, were evaluated for survival, growth and disease susceptibility in comparison to progeny from wild Mobjack Bay (MB) and Tangier Sound (TS) brood stocks. MB and TS stocks are relevant to rehabilitation of Chesapeake Bay oysters as the former have been routinely used for aquaculture and the latter have been recently used for reef restoration due to their putative disease resistance. Oysters (n = 1500 of each group, mean shell height = 15-17 mm) were deployed in floating mesh cages at a low salinity (<15 ppt) site and a moderate salinity (15-25 ppt) site in the lower Chesapeake Bay, and at a high salinity (>25 ppt) site on the Atlantic Coast of Virginia. Twenty-eight months after deployment cumulative mortality in MB and TS was 84-100%. In contrast, cumulative mortality in DEBY at low, moderate, and high salinity sites was, respectively, 21%, 51% and 36%. By November 1999, mean shell height in MB and TS at low, moderate and high salinity sites was, respectively, 77mm, 88-90mm and 57-59mm. In comparison, mean shell height in DEBY was 92mm, 101mm and 72mm. While similar low levels of MSX were observed in all groups, P. marinus infections in MB and TS were more intense than in DEBY throughout the study. This promising oyster strain has potential to facilitate commercial aquaculture and reef restoration efforts in Chesapeake Bay.

SUMMER MORTALITY OF THE PACIFIC OYSTER, CRASSOSTREA GIGAS: INFLUENCES OF CULTURE METHODS, SITE CONDITIONS, AND STOCK SELECTION.  Cheney, D., R. Elston,  B. MacDonald, K. Kinnan, and A. Suhrbier, Pacific Shellfish Institute, 120 State Ave NE #142, Olympia, WA 98501, U.S.A., and G. Cherr, C. Friedman, F. Griffin, A. Hamdoun, J. Mitchell, and L. Righetti, University of California, Davis, Bodega Marine Laboratory, P.O. Box 247, Bodega Bay, CA 94923, U.S.A., and L. Burnett, Grice Marine Laboratory, 205 Fort Johnson, Charleston, SC 29412, U.S.A.

During the late summer to early fall period, Pacific oysters cultured on the west coast of the United States and elsewhere may experience high levels of mortality. In the 1960’s to 80’s, this condition was subject to intensive investigation focusing on broad areas of disease pathology, genetics, physiology and the environment. Results of these studies were largely inconclusive, or pointed to a poorly defined etiology. Recent studies in Puget Sound, Washington USA and Tomales Bay, California USA center on the influence of multiple stressors and their affects on oyster survival, physiology and pathology. The goal of this research is to identify possible modifications in culture practices, brood stock selection or grow-out location to increase survival of Pacific oysters. Field observations indicate oysters are subject to extreme variations in a number of parameters during intertidal cycles. An increased rate of oyster mortality and modified physiological response appear to be strongly correlated with both elevated temperatures and extended periods of depressed DO. The DO reductions are sometimes coupled with heavy macroalgae blooms and high phytoplankton densities. This and other work indicate oyster summer mortality rates are also strongly influenced by ploidy and broodstock origin/stock selection. These observations have renewed interest in testing stocks selected for reduced rates of summer mortality, and which retain desirable characteristics of good growth and meat yield.  This research was supported by grant numbers NA86RGOOl5 and NA96RG0488 from the National Sea Grant College Oyster Disease Research Program and matching contributions from West Coast shellfish farmers.

PHYSIOLOGICAL CONDITION AND DEFENSE–RELATED ACTIVITIES AMONG EASTERN OYSTER POPULATIONS. Chu, F.-L. E., V. G. Encomio, S. Stickler, S. Allen, Virginia Institute of Marine Science, College of William and Mary, Gloucester Point, VA 23062, U.S.A., and J. La Peyre, Louisiana State University, Baton Rouge, LA 70803-6002, U.S.A.

The goal of our study is to identify oyster stocks which are resistant/tolerant to the disease caused by the parasite, Perkinsus marinus (Dermo). We are comparing the physiological condition and defense factors of putative “Dermo resistant” and “non-resistant” oysters (Crasssostrea virginica) deployed in the Fall of 1999 at two sites in the Chesapeake Bay (Port Kinsale, Yeocomico River; Regent Point, Rappahannock River), where Dermo disease is known to occur, but not MSX (disease caused by Haplosporidium nelsoni). These oysters are F1 progenies from presumably genetically distinct oyster populations (3 Gulf Mexico and 3 Chesapeake Bay populations, and 1 hatchery strain) and represent geographical disparity. Oysters have been sampled monthly since May, 2000. Initial analysis showed that all the stocks have grown significantly since deployment and the Rappahannock River Stock has the fastest growth. Tissue dry weights of this stock increased significantly over time at both sites. Contents of glycogen, protein and lipid increased with growth. All stocks sampled from May-July had low P. marinus infection and prevalence. Mortality was low in all stocks, and lower in the Gulf of Mexico than Chesapeake Bay populations.  No significant differences were noted in levels of plasma protein and lysozyme among stocks. Currently we are analyzing oysters sampled in August and September. Correlation between growth, physiological, biochemical and defense condition and P. marinus infection among oyster stocks will be discussed. This research was funded by the NOAA-Virginia Sea Grant-Oyster Disease Research Program.

A UNIFIED INFORMATION SYSTEM FOR SHELLFISH RESTORATION.  Comar, P., L. Kracker,  P. Bauersfeld, and M. Meaburn, Center for Coastal Environmental Health and Biomolecular Research, National Ocean Service, NOAA, 219 Fort Johnson Road, Charleston, SC 29412, U.S.A.

The Shellfish Information Management System (SIMS) is an intergovernmental data system designed to provide a current central source of information on shellfish safety, resource and habitat useful to multiple users at local, state, regional and national levels. SIMS is being developed as a GIS-enabled, web-accessible relational database of shellfish harvest water survey, classification and resource information. Most of the data in SIMS is provided by state agencies, and SIMS will allow more extensive access to and integrative analysis of that information. In 1999, the National Ocean Service, Center for Coastal Environmental Health and Biomolecular Research in Charleston, SC, began partnering with a growing number of coastal states in the design and applications for SIMS. This spatially-enabled, Oracle database is designed with extensive query functionality, visualization and analytical capabilities for a wide range of shellfish safety, water quality, resource, and restoration concerns. Shellfish restoration is a new component being developed for incorporation into SIMS, so that trends in restoration can be quantified and visualized. Water quality, benthic and habitat suitability, shellfish resource, presence of disease agents, social and economic factors, and other influences impact shellfish restoration decisions and actions. Discussion will include the rationale and means for collecting and integrating such restoration data layers into SIMS.

EFFECTS OF PEARL NET STOCKING DENSITY ON SURVIVAL, GROWTH, AND GONADAL MATURATION OF BAY SCALLOPS. Davidson, M., L. Holst, NYSDEC, 205 North Belle Mead Road, East Setauket, NY 11733, U.S.A., H. Bokuniewicz, Marine Science Research Center, SUNY Stony Brook, NY 11790, U.S.A., C. Smith and K. Tetrault, Cornell Cooperative Extension Marine Program, 3059 Sound Avenue, Riverhead, NY 11901, U.S.A.

The stocking densities under which bay scallops are reared can have long-term effects on survival, growth and spawning success that may not be evident while the scallops are in culture.  In order to investigate the influence of stocking density on scallop production, hatchery reared bay scallops were stocked in pearl nets at three different densities during the summer.  In the fall, bay scallop survival and shell heights were recorded.  The animals were transferred to lantern nets and stocked at two different densities, grouped by their initial densities in the pearl nets, and overwintered.  Bay scallops raised at high densities exhibited lower survival and slower growth than those raised at lower densities.  Regardless of density in the lantern nets, growth and survival still showed the negative effects of initial crowding in the pearl nets. Two-way analyses of variance revealed significant differences among the pearl net and lantern net treatments in scallop survival and growth.  Gonadal indices show that all the bay scallops, regardless of treatment, spawned at the same time.  At the time of spawning there were no significant effects of density on gonadal index.  Bay scallop restoration efforts should ensure that scallops are reared under conditions that maximize survival and growth. 

PROBIOTIC APPROACH TO ENHANCE HEALTH OF HATCHERY PRODUCED SHELLFISH SEED. Elston, R.A., AquaTechnics/Pacific Shellfish Institute, P.O. Box 687, Carlsborg, WA 98324, U.S.A., R.M. Estes, School of Fisheries, University of Washington, 3707 Brooklyn Ave. N.E., Seattle, WA 98105-6715, U.S.A., A. Gee, Dept. Biology, Pacific Lutheran University, Tacoma, WA 98447-0003, U.S.A., R.P. Herwig, School of Fisheries, University of Washington, 3707 Brooklyn Ave. N.E., Seattle, WA 98105-6715, U.S.A., K. Kinnan, AquaTechnics/Pacific Shellfish Institute, P.O. Box 687, Carlsborg, WA 98324, U.S.A. and S. Rensel, Dept. Biology, Pacific Lutheran University, Tacoma, WA 98447-0003, U.S.A.

Bacterial diseases of intensively cultured larval and juvenile shellfish cause significant losses in hatcheries and nurseries. In addition, chronic bacterial infections are a significant cause of bivalve seed losses post-planting. From commercial hatchery case histories, a number of virulent juvenile oyster bacterial pathogens have been isolated, characterized and pathogenicity confirmed by challenge procedures.  Prevention and control strategies for bacterial pathogens in hatcheries and nurseries must. include routine sanitation of system surfaces, water filtration, brood stock sanitation and maintenance of low dissolved organic levels. Antibiotics have been used in experimental settings but are not routinely used on production scale systems due to cost as well as risk of producing resistant strains. A program to select and test probiotic strains of bacteria, as an alternative to antibiotic use, is underway and results to date will be presented.  Bacterial pathogens were first screened by comparing whole cell fatty acid profiles. Based on this evaluation, most pathogens were consistent or close to the Vibrio genus but probiotic candidates represented a variety of bacterial genera. Selected representative isolates were further characterized using biochemical criteria and 16s rDNA sequencing.  Candidate probiotic bacteria are first tested in agar plate inhibition tests. Strains showing inhibition to isolated pathogens are tested for haemolytic activity and pathogenicity to shellfish seed. Candidates passing these tests are then tested for inhibition of mortality and morbidity response in laboratory pathogen challenges.  Research supported in part by Saltonstall-Kennedy program (National Marine Fisheries Service, U.S. Department of Commerce) grant to Pacific Shellfish Institute, Olympia, Washington.

MANAGEMENT BY SIZE LIMIT OF THE WHELK BUCCINUM UNDATUM FISHERY IN THE SOUTH WEST IRISH SEA.  Fahy, E., Marine Fisheries Services Division, Marine Institute, Abbotstown, Castleknock, Dublin 15, IRELAND

Whelk landings in the south west Irish Sea increased from 56 t in 1990 to 6,575 t in 1996 after which they stabilized between 3,600 and 4,600 t annually. At its peak the fishery supported approximately 80 vessels but this number has halved since. In 1994 a size limit of 50 mm was introduced for conservation purposes. Age based assessments of the landings were carried out in 1994, 1996, 1997 and 1999, for which purpose the fishery, ranging from 52o10’ to 53o30’, is divided into four sectors. Landings to the four sectors display biological characteristics which indicate the occurrence of a number of stocklets rather than a single stock unit. Compliance with the size limit has been poor. From 20 to 33% of total landings (by number) in any of the assessed years have been less than the legal limit. Trends in cpue have been monitored since 1990. Some fishermen in the centre sectors improved their yield between 1994 and 1998. Whelk have responded to a reduction in fishing effort since 1996 immediately following which averaged mortality coefficients (Z) were highest (0.79); they declined to 0.61 in 1999. The survival of the whelk fishery in the south west Irish Sea is attributed to the instability of the market which is dominated by a single customer, South Korea.  A more effective size limit for this fishery would be 68mm (83 mm in the northern sector) and this is considered unrealistic, suggesting that alternative management measures will have to be introduced.

MANAGING THE FUTURE OF SOUTH CAROLINA’S OYSTERS: AN EXPERIMENTAL APPROACH EVALUATING CURRENT HARVESTING PRACTICES AND BOAT WAKE IMPACTS. Coen, L.D. and A. Fischer, Marine Resources Research Institute, SCDNR, Charleston, SC 29412, U.S.A.

Oyster reefs provide an important intertidal habitat to the southeastern United States. However, harvesting and recreational boating invariably impact these critical habitats and their associated functions. In 1998, we began to experimentally evaluate the direct impacts of four harvesting practices (complete harvest, cull-in-place, claming, and rake down) on intertidal oyster resources. Initially, 26 sites were sampled by quadrat to establish baseline assessments. Initial mean oyster size (SH) across sites ranged from 23-33 mm, with initial densities ranging from 1,700-7,500 oysters/m2. Then, the above harvesting practices were simulated at replicated sites; each paired with an adjacent control site. Water quality (temperature, DO, salinity, chl a) was measured during the study period. Trays of shell were deployed at each site to evaluate oyster recruitment and growth. After approximately 1 year, more than 133,000 oysters recruited to the 130 deployed trays. This recruitment, a surrogate for larval supply/habitat quality, and the baseline assessments are analyzed and discussed. In 1999, we conducted experiments to understand how boat wakes compromise shell (cultch) deployments for oyster restoration and marsh erosion control. For this, we deployed stabilized (mesh) and unstabilized shell treatments, monitoring cultch retention after controlled boat wakes. In the first pilot experiment, unstabilized treatments lost 33.6% (7.7 cm) more shell than stabilized treatments after exposure to 32 controlled boat passes. In a second experiment, 22.4% (5.17 cm) more was lost after only 24 passes. Both harvesting practices and recreational boating wakes can potentially impact the growth, recruitment, and recovery of intertidal oyster resources. Additionally, oyster reefs that fringe marshes can serve as moderators of both marsh and bank erosion. Further studies with remote sensing technologies should be employed to monitor the oyster-marsh interaction.

GENOMIC APPROACHES TO MARKER DEVELOPMENT AND MAPPING N THE EASTERN OYSTER, CRASSOSTREA VIRGINICA. Gaffney, P.M., College of Marine Studies, Lewes, DE 19958, U.S.A., K. S. Reece, Virginia Institute of Marine Science, Rt. 1208, Gloucester Point, VA 23062, U.S.A., and J.C. Pierce, University of the Sciences in Philadelphia. 600 S. 43d St., Philadelphia, PA 19104, U.S.A.

In response to the dramatic decline in the Atlantic oyster fishery, efforts are underway to expand hatchery production of the eastern oyster, for both commercial farming and for replenishment of disease-challenged natural populations. In particular, there is a strong demand for genetically improved oyster strains resistant to two common protozoan parasites, Dermo and MSX. The genetic improvement process will be enhanced by the development of molecular markers and a genetic linkage map. In order to facilitate future marker development in C. virginica, we obtained 0.7 MB of random genomic sequence data from a small-insert (~1 kb) pGEM library.  A modest number of significant BLASTX hits may prove valuable for designing type I markers for comparative mapping with the Pacific oyster. In addition, we the searched the sequence database for repetitive sequences. Several satellite DNA sequences were identified, and compared to putative satellite sequences obtained by traditional cloning methods. Our database yielded useful information on the distribution of microsatellite loci. Dinucleotide microsatellites were dominated by the AG motif (66%).  Trinucleotide microsatellites included all possible motifs in apparently equal frequencies. Tetranucleotide microsatellites were more common than trinucleotides, and unlike the other microsatellite classes, were frequently associated with repetitive sequences, with a strong tendency for certain tetranucleotide motifs to be associated with particular repetitive sequences. This information will be useful for tetranucleotide microsatellite marker design, as well as interpretation of linkage mapping data. The repetitive sequence database will be used as an adjunct for designing new primers, to reduce the frequency of non-target amplification.

COMMUNITY-BASED OYSTER RESTORATION: CASE STUDIES FROM CHESAPEAKE BAY. Goldsborough, W.J., R.D. Brumbaugh, Chesapeake Bay Foundation, 162 Prince George Street, Annapolis, MD 21401, U.S.A., D.W. Meritt, University of Maryland, Center for Environmental Science, P.O. Box 775, Cambridge, MD 21613, U.S.A., and J.A. Wesson, Virginia Marine Resources Commission, P.O. Box 756, 2600 Washington Avenue, Newport News, VA 23607, U.S.A.

Public support for oyster restoration in the Chesapeake Bay region has increased in recent years, largely due to expanded opportunities for direct citizen involvement in restoration work The commercial value of oyster restoration is the most easily appreciated aspect of restoration, while associated benefits such as improved fish habitat and water quality are only recently being more widely recognized. As opportunities for public participation have expanded, the support for restoration has increasingly been based on these associated ecosystem benefits, particularly in developed areas where water quality may preclude commercial or recreational harvest of bivalves. One of the principal ways that the public now participates in oyster restoration is by growing hatchery-produced oysters using small-scale aquaculture techniques (i.e., “oyster gardening”) for eventual transplanting onto broodstock sanctuary reefs. Analyses of four local examples of citizen involvement in oyster gardening/restoration in the Chesapeake reveal a general pattern of roles and responsibilities for successful community-based restoration. Local leadership, sources for shell and seed, education, technical guidance, amenable government rules and regulations, media exposure, and funding emerge as key factors. In the Chesapeake a partnership approach based on cooperation between various combinations of citizens, schools, local businesses, local service organizations, watershed associations, academic institutions, state and federal agencies, conservation organizations, and private foundations have successfully addressed these needs. It is becoming increasingly clear that the groundswell of public support for restoration resulting from community-based approaches is a key factor in generating increased public funding for restoration.

MOLECULAR IMMUNE RESPONSES OF THE EASTERN OYSTER TO THE PARASITE PERKINSUS MARINUS.  Gomez-Chiarri, M. and P. Muñoz.  Department of Fisheries, Animal and Veterinary Science, University of Rhode Island, 127 Woodward Hall, Kingston, RI 02881, U.S.A. 

Microbial pathogens and parasites like Perkinsus marinus and Haplosporidium nelsoni place a large economic burden on oyster fisheries and aquaculture.  Although there has been a steady increase in our knowledge on the pathology and epizootiology of the diseases caused by these parasites, relatively little is known about the molecular mechanisms involved in the response of oysters to infection. The goal of this project funded by the ODRP is to monitor systematically the induced expression of genes involved in the response of Crassostrea virginica to infection by the parasite Perkinsus marinus. An mRNA differential display technique coupled with stringent verification assays (reverse Northern blot) will be used to isolate oyster and parasite sequences expressed in a differential manner after challenge of oysters with cultured P. marinus.  Genes will be cloned and sequenced using standard molecular techniques.  The temporal and tissue patterns of expression of the candidate genes in oysters will be studied using Northern blot.   Preliminary results from the challenge experiments will be presented at this meeting.

FACTORS AFFECTING THE STRESS RESPONSE IN OYSTERS ON THE WEST COAST: IMPLICATIONS FOR SUMMER MORTALITY.  Cherr, G.C., C.S. Friedman, F.J. Griffin, A. Hamdoun, J. Mitchell, and L. Righetti, University of California, Davis, Bodega Marine Laboratory, P.O. Box 247, Bodega Bay, CA 94923, U.S.A. and D.P. Cheney, R.A. Elston, B. McDonald, Pacific Shellfish Institute, 120 State Ave. N.E. #142, Olympia, WA 98501, U.S.A.  

Summer mortality of Crassostrea gigas on the West Coast of the U.S. is an unpredictable phenomenon of unknown etiology, but one that is hypothesized to be due to multiple stressors. Previous research has identified a dinoflagellate (Gymnodinium sanguineum), temperature, and low dissolved oxygen as possible contributors. We have attempted to delineate the independent effects of two of these suspected factors, phytoplankton and temperature, while conducting parallel field studies in California and Washington to determine the effects of seed stock lineage and seed planting times. Laboratory challenges confirmed that G. sanguineum can produce stress/mortality in the absence of other insults. Phytoplankton bloom events have coincided with field mortality, however, the species present were a Pseudonitzchia-like species and Prorocentrum spp., not G. sanguineum. Previous research on temperature effects showed that the ability of C. gigas to tolerate otherwise lethal temperatures occurred after sublethal thermal shock and induction of the heat shock protein 70 (HSP70) family. This is termed the heat shock response (HSR). We have examined the abilities of C. gigas from three different habitats (Toten Inlet, WA; Mud Bay, WA; Tomales Bay, CA) to mount a HSR and compared this ability with environmental and summer mortality data. Our current findings suggest that chronic sublethal environmental stressors such as heat and emersion can induce HSP70 expression and acquisition of thermal tolerance in C. gigas. However, these chronically stressed animals exhibit a compromised HSR; they do not tolerate post-heat shock temperatures as high as non-chronically stressed counterparts. Funded by National Sea Grant College Program Office: Oyster Disease Research Program.

COMMUNITY-BASED OYSTER HABITAT RESTORATION AND ENHANCEMENT IN SOUTH CAROLINA. Hadley, N.H. and L.D. Coen, Marine Resources Research Institute, SCDNR, P.O. Box 12559, Charleston, SC 29422, U.S.A.

Oyster reefs provide important habitat for finfish, crabs and shrimp; improve water quality; and, when located adjacent to Spartina marsh, form a natural bulwark to reduce erosion. Oyster habitats nationwide are threatened by adverse effects of coastal development. The majority of oysters in South Carolina occur intertidally, where they may be exposed for as much as 6 hours due to the ~2 meter tidal range.  This makes them especially vulnerable to physical disturbances such as boat wakes. Substrates in South Carolina are typically soft mud and oyster shell provides one of the few hard surfaces for larval oyster attachment.  Oysters readily recruit to shell placed in areas which otherwise may have no recruitment due to lack of suitable substrate.  At sites with appropriate characteristics functional oyster reefs may be established in 3-5 years, with some attributes beginning earlier. This program will utilize community volunteers to establish multiple small-scale oyster habitats by planting oyster shell and covering it with stabilizing mesh. We will also develop a volunteer-based monitoring program to evaluate restoration success. Community partners with existing volunteer contacts have been enlisted to assist in this program. An oyster shell recycling program is being established to generate shell for future restoration projects. Schoolchildren will be involved through collaboration with the Charleston Math and Science Hub to develop classroom and field activities directly related to oyster habitats. Materials (pamphlets, a website, CD) will be developed to educate the public about oyster habitats and shell recycling. 

ESSENTIAL OR JUST OPPORTUNISTIC FISH HABITAT? UTILIZATION OF RESTORED COMPLEX SHELLFISH HABITAT BY FISH SPECIES.  Harding, J.M. and R. Mann, School of Marine Science, Virginia Institute of Marine Science, College of William and Mary, Gloucester Point, VA 23062, U.S.A.

Shellfish restoration typically creates complex habitat in regions where such habitat is limited or absent. Observations to date suggest that increasing habitat complexity supports more diverse representation in other trophic levels. Such observations have been used to argue for shellfish restoration sites in the wider context of essential fish habitat. We present temporal and spatial data on fish utilization of a cline of habitats from a complex, “restored” site, through a two dimensional but spatially complex site, to a monotonous sand bottom, and pose the question as to whether fish utilization of this cline suggests “essential” or simply opportunistic utilization of the varying resource.

EFFECTS OF CLIMATE VARIABILITY ON THE PREVALENCE AND INTENSITY OF DERMO AND MSX DISEASES IN EASTERN OYSTER POPULATIONS.  Hofmann. E.E., J.M. Klinck, CCPO, Old Dominion University, Norfolk, VA 23529, U.S.A., E.N. Powell, S.E. Ford, Haskin Shellfish Research Laboratory, Rutgers University, Port Norris, NJ 08349, U.S.A., S. Jordan, Sarbanes Cooperative Oxford Laboratory, 904 South Morris Street, Oxford, MD 21654, U.S.A., and E. Burreson, Virginia Institute of Marine Science, P.O. Box 1346, College of William and Mary, Gloucester Point, VA 23062, U.S.A.

With previous funding from the National Sea Grant Oyster Disease Research Program, we developed numerical models that simulate the annual cycles of intensity and prevalence of the diseases, Dermo, caused by Perkinsus marinus, and MSX, caused by Haplospordium nelsoni, in Eastern oyster (Crassostrea virginica) populations in Delaware Bay and the upper Chesapeake Bay. The host-parasite models consist of models for the growth of the parasites, as well as a model for the growth and development of the oyster. The external forcing for the models is from time series of temperature, salinity, food supply, and total suspended solids. Our recent project has focused on combining the two disease models with the oyster growth model. Simulations with the combined two disease-oyster model provide insight into the effect of variability in environmental conditions in initiating and controlling epizootics of Dermo and MSX in Chesapeake and Delaware Bays. The combined model also provides a mechanism for investigating possible interactions between Dermo and MSX diseases that modulate the level of intensity and overall prevalence of the two diseases in oyster populations. Initial results suggest that there is only limited interaction between the two diseases in the host and that environmental conditions are the primary determinant of which disease is dominant at a given location, as long as the oysters are susceptible to both disease agents and that the dose of infective particles does not vary.

FIELD TRIAL OF A BAY SCALLOP (ARGOPECTEN IRRADIANS) SPAWNER SANCTUARY. Smith, C., S. Dumais, Cornell Cooperative Extension of Suffolk County, Marine Program, 3059 Sound Avenue, Riverhead, NY 11901, U.S.A., L.K. Holst and M. Davidson, New York State Department of Environmental Conservation, Division of Fish, Wildlife, and Marine Resources, 205 North Belle Meade Road, East Setauket, NY 11733, U.S.A.

The populations of Bay scallop in New York waters have experienced critical decline over the past two decades, due in large part to occurrence of Brown Tide algal blooms and its concomitant effects on habitat and shellfish health. Management efforts in the past have focused heavily on hatchery produced stock which has been free planted into the estuary. Frequently, follow up investigations show no juvenile scallops at the release sites, and the ultimate fate of the seed stock is unknown, except through extrapolation of harvest data. New York State Department of Environmental Conservation, working with Cornell Cooperative Extension’s Marine Program, set out to evaluate “spawner sanctuaries” as a management method to ensure that reproducing scallops are present in the system in densities sufficient to increase the population. 15,000 mature scallops which had been overwintered in a creek adjacent to Cornell’s hatchery were stocked into lantern nets at a density of 100 animals per tier and deployed into Cutchogue Harbor in Peconic Bay, N.Y. A larval drift model and diver transects were used to calculate relative contribution of the sanctuaries to the 1999 year class set in Cutchogue Harbor.  Results were further normalized to reflect differences in gonad weight between wild stock and hatchery reared scallops.

RESTORING CRITICAL HABITATS IN THE NIGER DELTA FOR SHELLFISH    

PRODUCTION. Ibe, A.C., The Regional Coordination Centre GEF’s Large Marine Ecosystem Project for the Gulf of Guinea, United Nations Industrial Development Organization, and P.O. Abohweyere, Nigerian Institute For Oceanography And Marine Research, P.M.B. 12729, Victoria Island, Lagos, NIGERIA

The Niger Delta is a fan-shaped piece of land located between 5 0 4’.00 and 7 0 40’.00 longitude and stretching from the Benin River in the west to the Bonny River in the east covering an area of about 16,340 km2.  This low lying region, riddled with intricate water channels through which the river Niger empties into the sea, consists of three broad ecological zones – Freshwater, Mangrove and the Coastal sandridges.  The mangrove ecosystems are prime areas for production, constituting spawning and nursery grounds for near shore, demersal and pelagic fish species including shellfishes.  Shellfish of economic importance found in the Niger Delta include the oyster Crassostrea gasar that settles as spat on mangrove aerial roots at intertidal levels, the periwinkles Tympanotonous fuscatus and Pachymelia quadriserata, and Penaeid shrimps that generate over US $195,977.26 from 10,664 MT  annually in foreign exchange. Anthropogenic activities in the form of  deforestation, sand mining and nourishment, channelization, dredging, oil and gas exploitation and rapid urbanization are presently reducing the aerial extent of the mangroves as well as degrading the mangrove environment. This has impairing effect on the shellfish production potential of critical habitats of the Niger Delta. The paper thus advocates rational use of the mangrove ecosystem and reforestation of the mangrove swamp where possible such that one of the goals of the shellfish restoration effort of  “Restoration or enhancement of populations of commercially exploited shellfish depressed by over-harvesting and or reduced environmental quality” could be achieved in the Niger Delta.

STAKEHOLDER AND CONSENSUS – HOW DO WE MAKE THESE ELEMENTS WORK FOR EFFECTIVE ACTION?  Janowicz, M., New Brunswick Department of Environment and Local Government, 364 Argyle Street, Fredericton, New Brunswick, E3B 1T9 CANADA

One model for effective stakeholder involvement requires implementation of a consensus decision making process.  This allows each stakeholder to understand the context within which each participant is working and requires the development of respect among the participants.  This is an age-old concept but in reality, few in 21st century North America can easily accept and work within it.  This paper will examine why stakeholder involvement is a necessary means to formulate approaches to shellfish restoration or any other local economic development and planning program. It will explore the foundations of consensus decision-making including examination of concepts of democracy, discussion on Native North American decision-making processes and other decision-making models. And finally, it will identify some methodology for achieving an effective stakeholder, consensus decision-making process with the emphasis on developing a common ground of understanding. 

OYSTER BIOMASS AND ABUNDANCE IN NORTHERN CHESAPEAKE BAY: TRENDS IN RELATIONSHIP TO HARVEST, RECRUITMENT, PARASITIC DISEASES AND ENVIRONMENTAL VARIATION.  Jordan, S.J., K.N. Greenhawk, C.B. McCollough, and M.L. Homer, Maryland Department of Natural Resources, Sarbanes Cooperative Oxford Laboratory, 9045 S. Morris St., Oxford, MD 21654, U.S.A.

The Chesapeake Bay Program has committed to a 10-fold increase in the Bay’s oyster population. Oysters are patchily distributed over about 1500 km2 of the Bay floor. Therefore, it is impractical to assess their absolute numbers by direct means. Traditionally, landings data, with their inherent inaccuracies and biases, have been the only means of estimating trends in the population. Maryland’s monitoring program records relative numbers and size distributions of oysters annually at 43 fixed sites. By applying a length:weight equation to size-frequency data from this fishery-independent survey, we computed an index of relative biomass that varied from year to year in response to the relative abundance and size distribution of the oyster populations. The index reflects interannual variations in recruitment and growth, as well as mortality caused by the oyster parasites Haplosporidium nelsoni and Perkinsus marinus. An index of market oyster (>72 mm shell height) biomass had a strong predictive relationship with annual harvests, but an index of sub-market oysters (<72 mm) was not a good predictor of harvests in subsequent years, probably because of high and variable rates of natural mortality due to parasitic diseases. Relative biomass is a sound indicator for measuring progress towards the oyster restoration goal, and has promising applications in fisheries-related stock assessment.

PUBLIC AND PRIVATE OYSTER RESTORATION IN MARYLAND’S CHESAPEAKE BAY.  Judy, C.J. and E. Campbell, Maryland Department of Natural Resources, Shellfish Division, 580 Taylor Avenue, Annapolis, MD 21401, U.S.A.

Oyster restoration is a shared venture between government and the private sector. Maryland oyster projects through the 1990’s have been a collaboration between State, Federal and private groups. Projects have focused on the creation of oyster sanctuaries to protect broodstock and enhance benthic community diversity, restoration of habitat; and planting of seed oysters, primarily from hatcheries. In round numbers, the acreages for a cooperative project range from a few to over 10 and the number of oysters planted in a year range from about 10 million to over 50 million total. A wide range of participants constitute the private sector: environmental groups, non-profit oyster restoration groups, community groups, private citizens, watermen and school groups. The number of projects by such groups have risen dramatically since the early 1990’s and encompass types of projects not normally conducted by State agencies alone. Other projects are more uniquely governmental.  The long standing Maryland Department of Natural Resource’s seed and shell programs plant about 400 acres of seed and 800 acres of shell per year. The number of oysters planted as seed range between 120 million to over 800 million per year. These projects mostly produce market oysters, but environmental and broodstock benefits accrue from such mass plantings. The Federally funded Reef Program conducted by the State restores oyster populations in sanctuaries using shell and seed resources. Together, public and private entities are working toward improving oyster habitat and oyster populations to improve the industry and the ecological role of oysters.

MUSSEL CULTURE AND COCKLE FISHERIES IN THE NETHERLANDS: FINDING A BALANCE BETWEEN ECONOMY AND ECOLOGY.  Kamermans, P. and A.C. Smaal, Netherlands Institute for Fisheries Research, Centre for Shellfish Research, P.O. Box 77, 4400 AB Yerseke, THE NETHERLANDS

In the Netherlands, mussel seed is fished in a coastal sea in the North of the country (Wadden Sea) and cultured in an estuary the South (Oosterschelde).  Dredging for cockles takes place in the Wadden Sea, and two estuaries in the South (Oosterschelde and Western Scheldt).  The Wadden Sea and the Oosterschelde are nature reserves where human activities are possible only when they do not cause negative effects. In 1993, a policy was formulated to ensure preservation of bird populations and restoration of mussel banks and seagrass meadows.  As a result of this policy, fishing for mussel seed and cockles is not allowed in areas with a high potential for the development of mussel banks and seagrass fields.  The location of these areas is based on GIS models.  All vessels are equiped with a black box to control the closed areas.  There is some debate about the closure as fishermen have the impresson that fishing improves the sediment for settling of mussel larvae.  Consumption-sized cockles and mussels are also the prefered prey of oystercatchers and eider ducks.  Therefore, the policy makes use of a quotum system in the cockle fisheries.  Each year basin-wide surveys take place to determine the total amount of cockles present.  In years when cockle stocks are low an amount is reserved for the birds.  Both fishermen and environmentalist question the calculated amounts needed by the birds.  An overview of the view-points of the interest groups and the role of policy makers and scientists is given. 


AN ECONOMIC ANALYSIS OF PUBLIC GROUND OYSTER REEF RESTORATION IN CENTRAL LOUISIANA DAMAGED BY HURRICANE ANDREW.  Dugas, R. J., Louisiana Department of Wildlife and Fisheries, Marine Fisheries Division, 1600 Canal Street, New Orleans, LA 70112, U.S.A., W.R. Keithly, La. State University, Coastal Fisheries Institute, Wetland Resources Building, Baton Rouge, LA 70803-7503, U.S.A., M. Bourgeois, and P. Meier, La. Department of Wildlife and Fisheries, Marine Fisheries Division, 1600 Canal Street, New Orleans, LA 70112, U.S.A., D. Lavergne and A. Diagne, La. Department of Wildlife and Fisheries, Socioeconomic Division, P.O. Box 98000, Baton Rouge, LA 70898-9000, U.S.A.

In August 1992 Hurricane Andrew heavily damaged Louisiana coastal environments, particularly oyster, Crassostrea virginica, reef communities. The transport and transfer of tremendous amounts of sediment and vegetative matter resulted in massive oyster mortalities and extensive reef damage. The Louisiana Department of Wildlife and Fisheries received $5.1 million of federal funds for restoration of oyster habitats on both Louisiana public and private oyster grounds. Of these funds, $3.2 million were used in Terrebonne Parish, the area most severely impacted. Restoration efforts were comprised of sweeping buried reefs and depositing cultch material for oyster reef construction. Some 1,780 acres of waterbottoms were swept by commercial oyster harvesters with bag-less oyster dredges. Mined oyster shells/clam, Rangia, shell mixture were deposited (at a rate of approximately 132 cubic yds per acre) on 306 acres of waterbottoms in 1994 (42,576 cubic yds) and 553 acres in 1995 (70,902 cubic yds). Economic benefits associated with a restoration effort of this nature accrue to both oyster consumers and oyster producers. To consumers, the benefits reflect a reduction in price paid for the harvested product which in turn translates to an increase in willingness to pay relative to what was paid (i.e., consumer surplus). To producers, the benefits reflect an increase in returns to the scarce resource, oyster population, used in the production process (i.e., producer surplus). This study provides an estimate of benefits derived from the restoration efforts and compares these benefits to costs. Overall, the results indicate a favorable benefit to cost ratio.

THE REROUTING OF STORMWATER DISCHARGES FOR WETLANDS ENHANCEMENT, LEVEE PROTECTION, AND OYSTER HABITAT PROTECTION AND RESTORATION. Landrum, K.E., K.M. St. Pé, Barataria-Terrebonne National Estuary Program, P.O. Box 2663, Nicholls State University, Thibodaux, LA 70310, U.S.A., B. Ache, Battelle, 191 East Broad Street, Suite 315, Athens, GA 30601, U.S.A., and F. Kopfler, EPA/Gu1f of Mexico Program, Stennis Space Center, Building 1103, Room 202, MS 39529-6000, U.S.A.

The Barataria-Terrebonne estuary is losing over 22 square miles of emergent wetlands each year due to erosion, saltwater intrusion, and natural and anthropogenically-induced subsidence. An extensive levee system has successfully halted overbank flooding of the Mississippi River eliminating sustaining inputs of sediments and freshwater to the Barataria-Terrebonne estuary. This situation represents not only the imminent loss of a nationally significant wetland resource, but also threatens a unique culture, local infrastructure, and the region’s significant contribution to the national economy. Runoff from rural and agricultural areas is collected in a borrow canal inside the back levee and then pumped into adjacent wetland areas by a series of stormwater pump stations. Over 250 pump stations currently discharge stormwater, draining approximately 500,000 acres, in the Barataria-Terrebonne estuary. These pump discharges are generally directed into large, man-made canals to ensure that stormwater is quickly evacuated from the leveed area and they often flow directly to high-salinity bays through some of Louisiana’s prime oyster growing waters. Redirecting discharges so that they are retained in adjacent wetlands may maintain lower local salinities, provide a sediment source to subsiding wetland areas, and support plant growth, directly benefiting the degrading wetland systems, especially those directly seaward of levees that protect property from storm surges and flooding. Retention of stormwater may also produce corollary water quality benefits, such as nutrient uptake and pathogen die-off prior to encountering oyster-growing areas. The Barataria-Terrebonne National Estuary Program is leading an effort to monitor changes at pump station sites in the estuary to demonstrate the benefits of this unique process.

THE SHELLFISH CHALLENGE INITIATIVE: A COOPERATIVE SUCCESS STORY IN THE BARATARIA-TERREBONNE NATIONAL ESTUARY. Landrum, K.E., Barataria-Terrebonne National Estuary Program, P.O. Box 2663, Nicholls State University, Thibodaux, LA 70310, U.S.A.

The Shellfish Challenge Initiative is an interagency and interstate effort undertaken to establish progress on the Environmental Protection Agency’s Gulf of Mexico Program Shellfish Challenge. With an overall goal of increasing Gulf shellfish beds available for safe harvest by ten percent, more than 200 experts in shellfish management, habitat restoration, and pollution control helped develop 32 shellfish restoration strategies targeting 24 watersheds in the Gulf of Mexico. A watershed implementation initiative was developed within the Barataria-Terrebonne National Estuary resulting in the identification of 61 oyster restoration opportunities including geographically targeted projects to: reduce inputs of fecal coliform bacteria, enhance shellfish habitat, revise shellfish management procedures, and collect and analyze additional needed information to better assess project feasibility. The 61 candidate restoration projects were ranked by members of the Barataria-Terrebonne National Estuary Program Management Conference and detailed implementation plans were developed for the four selected priority projects. The priority projects include: the installation and improved use of marina pumpouts and dump stations; connecting poorly operating individual wastewater treatment systems to community level treatment systems; rerouting stormwater runoff to suitable wetlands; and revising the shellfish relay system. Implementation of the four projects is underway with active educational and interactive workshop components designed for state and local officials and the general public. Funding allocations by local and state government attest to their involvement and acceptance of the implementation process and their agreement to promote active stewardship of an economically important resource and conservation principal.

OYSTER POPULATION RESTORATION IN CARAQUET, N.B.; PHASE I, POPULATION ASSESSMENT. Landry, T., M. Ouellette and P. Cormier, Department of Fisheries and Oceans, GFC, P.O. Box 5030, Moncton N.B., E1A 4Y1, and Department of Agriculture, Fisheries and Aquaculture, 22 Boul. Saint-Pierre, Caraquet, N.B. E1W 1B6, CANADA

A decrease in the productivity of oysters in Caraquet Bay, N.B. is generating some interest in restoration projects. The first phase of this initiative is to conduct a quantitative assessment of the distribution, abundance and population structure of the natural beds in this bay, which represents the most northern location with a sustainable oyster (Crassostrea virginica) population. The results from 1999 assessment is the fifth of a series of similar exercises conducted in 1974, 1979,1987 and 1991, but the first to use a geostatistical approach to data analysis. A comparison between the two assessment methods reveals that the geostatistical approach is more accurate and of greater use for the next phase of this project, which will look at identifying and characterizing the suitable oyster habitat of this bay for restoration efforts. The comparison among the five assessments over the past three decades is showing that the status of this population is approaching a critical state in terms of recruitment and habitat quality and quantity. The restoration of this oyster population is of great socio-economical and ecological importance to this area.

COMMUNITY-BASED INITIATIVES FOR IMPROVING WATER QUALITY IN

SOUTHWESTERN NEW BRUNSWICK, CANADA  – AN UPDATE ON SUCCESS.  LeBlanc, K.L., Eastern Charlotte Waterway Inc., 17 Main Street, St. George, New Brunswick, E5C 3H9, CANADA.

The Southwestern New Brunswick Clam Resource Committee (CRC) was formed in 1997 to better understand the importance of the soft-shell clam (Mya arenaria) fishery and to prevent further loss of shellfish growing areas due to monitoring cutbacks in Southwestern New Brunswick (NB). Soft-shell clams are the main molluscan shellfish harvested in the region. The committee has over 20 stakeholders that include nonprofit groups, industry and government and is chaired by Eastern Charlotte Waterways Inc. (ECW — a nonprofit group). The mandate of the committee is to preserve the clam fishery in Southwestern NB because of its long-term socio-economic importance to the region.  In 1998, the CRC developed the Cooperative Bacterial Monitoring Program (CBMP) which allows industry and community-based contributions for the maintenance and improvement of the classification of growing areas. Under this community-based initiative coastal water samples are collected over a 1500-km length of shoreline over a two-year period. Presently, 67% of the growing areas are available for the harvest of clams in Southwestern NB during all or selected times of the year, an increase of 32% over three years.  However, it is important to note that clean-up efforts in growing areas coupled with the CBMP are responsible for the improvements of water quality that have permitted an increase in soft-shell clam harvest. The CRC coordinates clean-up efforts through the Fundy Flats Remediations plan, a program managed under ECW.

APPLICATION OF COMMERCIAL-SCALE OYSTER AQUACULTURE TO REEF RESTORATION. Leggett, A.T., R. Brumbaugh, W. Goldsborough, and A. McDonald, Chesapeake Bay Foundation, 142 W. York Skeet, Suite 318, Norfolk, VA 23510, U.S.A.

Oyster reef restoration projects in the Chesapeake Bay increasingly involve the addition of broodstock to enhance localized oyster spawning activity. Since 1996, more than 4 million adult oysters have been transplanted onto sanctuary reefs in Maryland and Virginia waters. Volunteers and school students have grown and transplanted a significant number of hatchery-produced oysters, in collaboration with state management agencies. In an effort to increase the numbers of hatchery-produced oysters being transplanted onto sanctuary reefs, the Chesapeake Bay Foundation has initiated a commercial-scale grow out operation in the lower York River with a annual production goal of 1 million adult oysters. Oysters produced by this program will approximately double the number of oysters available for transplanting onto sanctuary reefs in the lower Chesapeake Bay each year. A new cage system was developed in accordance with existing regulations in Virginia governing shellfish aquaculture, and was used to maximize the number of oysters produced over a relatively small acreage of leased oyster grounds. Data on growth and mortality as well as water quality parameters are collected as a routine part of the operation. Early monitoring results showed a 78 % increase in size (measured volumetrically) of 4-8 mm seed, and a 63% increase in 8-12 mm seed one week after deployment in mid-July. The oysters produced by the operation will not only be used to enhance broodstock populations on sanctuary reefs, but will also be used as “natural capital” to enticing further public and private investment in oyster restoration.

DOLLARS AND SENSE OF OYSTER RESTORATION: AN EXAMINATION OF NITROGEN REMOVAL BY A RESTORED OYSTER REEF.  Luckenbach, M., F. O’Beirn, P. Ross, Virginia Institute of Marine Science, College of William and Mary, Wachapreague, VA 23480, U.S.A., J. Nestlerode and L. Sorabella, Virginia Institute of Marine Science, College of William and Mary, Gloucester Point, VA 23062, U.S.A.

Arguments for the conservation and restoration of oyster reefs, often at the expense of fisheries exploitation, include water quality benefits derived from feeding activities of the oysters and reef-associated fauna. Yet, there has been limited basis for directly evaluating the water quality improvements associated with conservation or restoration of oyster reefs and for comparing those benefits to the economic value derived from oyster fishery production. Using data from oyster populations developing on experimental reefs near the mouth of Chesapeake Bay, we model the nitrogen uptake and release attributable to the oysters and develop nitrogen budgets for the reefs on an area-normalized basis. We then explore the potential effects of fisheries exploitation of these reefs by modeling the harvest of market-sized oysters and examining the effects on nitrogen removal. Finally, we consider the economic returns from oyster harvesting in relation to the costs associated with alternative nitrogen removal. The results give context to water quality benefits to be derived from oyster reef sanctuaries and should help to guide fisheries management decisions related to balancing conservation and exploitation.

REDUCTION IN THE VIBRIO VULNIFICUS LOAD OF OYSTERS BY A NOVEL SHORT-TERM COMBINATION BIODEPURATION TREATMENT. R.B. Luftig and W. Pelon, Department of Microbiology, LSU Health Sciences Center, New Orleans, LA 70112-1393, U.S.A.

Based upon an improved method, Vibrio vulnificus phage can be maintained and stored at high titer.  Further, Mass Spectroscopic analysis of Gulf coast oysters, clams and shrimp has shown stimulation of a unique anti-molluscan protein that varies in MW-4kd to 22 KD and has anti-Vibrio vulnificus activity.  When the protein and phage are used together, eradication of Vibrio vulnificus occurs to more than 8 logs. Analysis by Edman degradation of the 22 Kd oyster protein revealed a unique N-terminal 16 amino acid fragment, as did analysis of 2 cyanogen bromide gel purified fragments.  The proteins were not detected in Japanese or Olympia (Washington) oysters (kindly provided by Dr. C. Kaysner, FDA). Finally, a new rapid assay to study the effect of temperature and brief bacterial exposure has been developed, suggesting the possibility that Vibrio vulnificus could undergo a non-culturable state under certain conditions (K. Johnston, pers. comm.). Our intention is to isolate the genes expressing the 4Kd and 22Kd proteins; then express them in large amounts to use with the specific phage in a biodepuration procedure.  (Supported by SK Grant #NA97FD0062 to RBL from NOAA). 

COMING SOON TO A RESTORATION SITE NEAR YOU: THE INVADING, PREDATORY ORIENTAL GASTROPOD RAPANA VENOSA.  Mann, R. and J. M. Harding, School of Marine Science, Virginia Institute of Marine Science, College of William and Mary, Gloucester Point, VA 23062, U.S.A.

Rapana venosa Valenciennes 1846 (Neogastropoda, formerly Muricidae, currently Thaididae) is a predatory gastropod native to the Sea of Japan, Yellow Sea, East China Sea, Bohai Sea, and Taiwan. The species has been introduced to the Black Sea, Adriatic Sea, and Aegean Sea, where it is generally considered to be responsible for decimation of local commercially valuable mollusc species. It was first reported in the Chesapeake Bay in 1998. Ballast water transport of larval stages from the eastern Mediterranean or Black Sea is the suspected vector of introduction. To date over 1200 specimens of adult Rapana have been collected from Hampton Roads and a limited region of the Southern Chesapeake Bay.  Population demographics, records of Rapana egg cases in the field and our ability to culture early life history stages at prevailing temperature and salinity strongly suggest active breeding in this receptor location. Temperature and salinity tolerance data for Rapana suggest that it can both invade the higher salinity regions of most East Coast estuaries and survive on exposed shorelines from Cape Cod, MA to Charleston, SC. Dispersal is facilitated by pelagic development, and may be exacerbated by ballast water transport of larval stages originating in Hampton Roads. Hard substrate habitat, typical of many current shellfish restoration efforts, appears optimal for post settlement stages, but larger adults may invade soft sediments. Predation has been demonstrated on a range of commercially valuable shellfish species including Mercenaria mercenaria, Crassostrea virginica, Mya arenaria and Mytilus edulis.

UP CLOSE AND PERSONAL: A SUGGESTED QUANTITATIVE APPROACH TO BROODSTOCK ENHANCEMENT ON SHELLFISH RESTORATION SITES.  Mann, R., School of Marine Science, Virginia Institute of Marine Science, College of William and Mary, Gloucester Point, VA 23062, U.S.A.

Shellfish broodstock are typically added to restored habitat to facilitate rapid recruitment by aggregating spawning adults and thus increasing fertilization efficiency. While this is conceptually attractive there exist few data on which to build quantitative guidelines to optimize the practice. For example, published size versus fecundity relationships for oysters are based on data that has both methodological and size limitations. Similarly, fertilization models are based on sea urchin studies from flow regimes that are arguably quite different from shellfish restoration sites. A quantitative approach is proposed wherein a variety of size-fecundity and fertilization models are proposed for examination in building guidelines to optimize both size and density of placement of shellfish used in broodstock enhancement. The biological and economic aspects of these alternatives are compared.

LINKING PUBLIC AND PRIVATE PARTNERS FOR RESTORATION AQUACULTURE IN MARYLAND’S SEASIDE BAYS. Webster, D.W., University of Maryland, Wye Research

& Education Center, PO Box 169, Queenstown MD 21658, U.S.A., and D.W. Meritt, Shellfish

Aquaculture Specialist, University of Maryland Center for Environmental Science, Horn Point

Lab, PO Box 775, Cambridge MD 21613, U.S.A.

Traditional harvest of the bard clam (Mercenaria mercenaria) in Maryland’s seaside bays utilizes the hydraulic escalator dredge. This method has raised concern among environmental groups due to its perceived impact upon eel grass (Zostera spp.) in shallow estuarine waters. Meanwhile, an increase in demand for hard clams and strong wholesale prices have caused many clammers who normally harvest softshell clams (Mya arenaria) in the Chesapeake Bay to shift harvest to the seaside bays, placing increasing pressure on that area. Hard clam aquaculture is well known and may provide an alternative to harvesters, who will likely come under increasingly restrictive regulations. Differences in culture methods for the clam have evolved in many states to take advantage of local conditions. In Maryland, the clam aquaculture industry has only recently begun, with few persons currently investing in the technology to produce these animals through husbandry. During 1998, investigations were begun with cooperation from university and private companies to develop seed production and evaluate growout techniques. The Maryland Industrial Partnership (MIPS) program has funded development of a hard clam nursery/growout operation. University of Maryland Sea Grant Program (UMSG) funded a survey of the hard clam disease QPX to assess background levels of this potential problem. University of Maryland Cooperative Extension (UMCE) funded an Extension project to assess growout techniques, as well as conduct outreach educational programs designed to bring the technology to those who can use it. These cooperative studies are described as well as future directions for the project.

PRODUCTION OF DISEASE-FREE OYSTER SEED USING SHALLOW WATER NURSERIES IN THE MID-CHESAPEAKE BAY. Meritt, D.W. and S. Tobash, University of Maryland, Center for Environmental Science, Horn Point Laboratory, PO Box 775, Cambridge, MD 21613, U.S.A.

Recently in Maryland, there has been an emphasis on the production of disease-free oyster spat for use in oyster restoration. Spat produced using traditional methods utilize sites where oyster parasites are common and are typically infected at the time of relay to the grow-out site. As part of the Action Plan for Oyster Recovery in Maryland, the Maryland Oyster Roundtable established oyster recovery zones in several major tributaries of Chesapeake Bay into which only disease free oysters can be introduced. Given the problem with producing disease-free oyster seed using natural methods, hatcheries have been employed for disease-free seed production. Since 1994, the University of Maryland’s Horn Point hatchery has produced over 90 broods of spat using in-water nursery systems. Dermo, the disease caused by the parasite Perkinsus marinus, is of greatest concern in these systems due to low salinities. Only one brood of spat has tested positive for Dermo since 1994. Based on trials conducted over the past six years, we have demonstrated that it is not only possible but likely that uninfected oyster seed can be produced using hatcheries and shallow-water nursery systems. Disease-free seed are being used to test the idea that by prohibiting the movement of parasites into upstream portions of the oyster producing rivers, dermo will be naturally purged from oyster populations in those regions. Early data suggest that there is some validity to this concept.

A MULTIFACTORIAL APPROACH FOR DESCRIBING THE RELATIONSHIP BETWEEN THE CLASSIFICATION OF SHELLFISH HARVESTING WATERS AND ADJACENT LAND USE IN MURRELLS AND NORTH INLET, SOUTH CAROLINA.  Nelson. K.A. and G.I. Scott, National Ocean Service, 218 Fort Johnson Road, Charleston, SC 29412, U.S.A.

Urbanization poses a particular threat to the coastal areas of the southeastern U.S. where the lands surrounding the wetlands are still relatively undeveloped compared with other regions. Fecal coliforms, including E. coli, are important indicators of public health since human and/or animal feces may come in contact with and contaminate drinking water supplies or filter-feeding shellfish. The measurement of the concentration of fecal coliforms is the current criterion for deciding when and if shellfish harvesting should be approved. Predictive models that would correlate information on land use change and development would be useful so that downgrades in water quality can be predicted before they occur. The approach used for this study involved an historical comparison of land use change and fecal coliform bacterial densities on Murrells Inlet (MI) (urbanized site) and North Inlet (Nl) (pristine site). Both MI and NI are bar-built estuaries are located on the northern coast of South Carolina near Myrtle Beach. The microbiological and water quality data used in this research covers the period of 1967-1995 and the following parameters were utilized: date of sampling, Most Probable Number (MPN) of fecal coliform bacteria, salinity, rainfall, and water temperature. The regressions models utilized the above parameters and a change in trend term that accounted for both instantaneous and gradual changes in water quality that may arise from a particular intervention. For MI, the 1980 intervention consisted of both the construction of a jetty and the conversion from septic tanks to a main sewer line. For NI, the 1973 intervention was the construction of Baruch Laboratory. For MI, the intervention, controlling for other parameters, was found to be significant at the alpha=0.05 level. This means that there was a significant decrease in the increasing trend of bacteria for MI and that the conversion to the sewage line had a beneficial effect on water quality and probably dominated the jetty effect. For NI, the laboratory construction had no impact on water quality so background natural sources of bacteria probably dominated the small increase from human sources. These findings indicate that the use of Intervention Analysis may provide coastal managers with an effective process to evaluate landscape changes on bacterial water quality in shellfish harvesting areas.

INFLUENCE OF OYSTER REEF STRUCTURE ON FISH ASSEMBLAGES: DOES THE PLACEMENT OF ARTIFICIAL SUBSTRATE ENHANCE FISH POPULATIONS?  Nestlerode, J.A., Virginia Institute of Marine Science, College of William & Mary, Gloucester Point, VA 23062, U.S.A., M.W. Luckenbach, P.G. Ross, and F.X. O’Beirn, Virginia Institute of Marine Science, College of William & Mary, Wachapreague, VA 23480, U.S.A.

The objectives of oyster reef habitat restoration within Chesapeake Bay are not only the enhancement of oyster stocks, but also to restore the physical structure and ecological function of these systems. We revisit the artificial reef fisheries attraction vs. production issue by comparing transient nekton community structure among reef structures constructed of different substrates. The substrate materials (oyster shell, surf clam shell, and pelletized coal ash) used in this study offer the opportunity to examine how habitats with various degrees of structural complexity contribute to differences in habitat use in terms of microhabitat availability, predation risk, and diversity and abundance of prey. Results indicate that oyster shell reefs, which have best supported the development of an oyster population, offer the highest degree of structural complexity and support a more diverse community of both resident and transient nekton. Furthermore, increased availability of nesting sites (empty articulated oyster shells) and a high abundance of benthic prey items support the thesis of increased fish production rather than simply attracting fish to the reef structure from nearby habitats. The patterns observed here provide evidence that proper reef architecture and subsequent reef community development lead to increased finfish production and should give context to the importance of substrate selection in similar restoration activities.

SHELLFISH RESTORATION IN IRELAND: THE NEED FOR NOVEL PARTNERSHIPS.  Norman, M., Taighde Mara Teoranta (Marine Research Limited), Carna Co., Galway IRELAND

Historically shellfish restoration projects in Ireland have been undertaken for a singular reason and driven by a single user group.  Frequently the goal has been increased commercial production of shellfish, and the restoration has been pursued by a grouping of fishermen or aquaculturists. These projects have a narrowly defined objective, profitability, and frequently “fail” when they do not achieve this.  However some recent restoration attempts have been carried out by partnerships. These projects are driven by multiple user groups and thus have a range of goals.  It is postulated that this partnership approach has more chance of success as the partners support each other in “staying the course” and as the goals are broader, making success more achievable.

REPRODUCTIVE BIOLOGY OF THE NORTHERN QUAHAUG, MERCENARIA MERCENARIA, IN PRINCE EDWARD ISLAND, CANADA. Ouellette, M., M. Hardy, T. Landry, N.G. MacNair and A. Boghen, Department of Fisheries and Oceans Science Branch Gulf Fisheries Centre P.O. Box 5030, Moncton, New Brunswick, ElC 9B6, Departement de biologie, Universite de Moncton, Moncton, Nouveau-Brunswick, ElA 3E9 and Department of Fisheries and Tourism, P.O. Box 2000, Charlottetown, Prince Edward Island, C1A 7N8, CANADA

The northern quahaug, Mercenaria mercenaria, is an important species for both the commercial and recreational fisheries as well as for aquaculture purposes in Prince Edward Island. The management strategy of the quahaug resource is largely based on the minimum legal size of 50 mm.  At the same time, there is a growing concern regarding the sustainability of the clam industry and hence, an evolving interest in stock enhancement. Effective brood-stock management, however, requires basic information about the animal’s reproductive biology. Sexual maturity, ovocyte size, gonado-somatic ratios and time of spawning were established for quahaugs sampled from two sites in West River, PEI. Histological methods and physiological condition indices are used to determine of the spawning activities. Findings revealed that the minimum size at sexual maturity was 25 mm and 30 mm (shell length) for males and females respectively. Furthermore, there was a positive correlation between ovocyte size and shell length. Seasonal variation coincided with spawning predictions based on conventional physiological condition indices. As well, the gonado-somatic contribution increased as a function of length. Both histological and condition index data support the likelihood that a major spawn occurs in mid-June. The study provides useful information on the reproductive biology of M. mercenaria and could contribute towards a reassessment of existing management and grow-out strategies. Establishment of reproductive sanctuaries is also being investigated as a method to increase the annual recruitment success in this study bay.

CONSIDERATIONS FOR OYSTER RESTORATION IN MARYLAND: DISEASE, GENETICS, DENSITY, REPRODUCTION AND HABITAT CREATION.  Paynter, K.T., Jr., Department of Biology, University of Maryland, College Park, MD 20742, U.S.A.

Over the last two years we have conducted numerous experiments and monitored several State and Federally-funded restoration projects in the Maryland portion of Chesapeake Bay.  A summary of the results of these activities will be presented. Field experiments have revealed that oyster seed cohorts from different broodstocks appear to have differing resistances to disease. Videographic observations from the field have shown that high-density oyster plantings result in significant community enhancement leading to diverse benthic ecosystems. Laboratory studies have shown that benthic fishes such as gobies and blennies prefer natural clumps of oyster shell compared to equal volumes of loose oyster shell. In addition, other laboratory studies have shown that eggs introduced into the water column more than a few centimeters from introduced sperm will have little chance of becoming fertilized. However, other studies have shown that high densities of oysters (>400/m2) may result in deleterious effects on oysters themselves.  Many aspects of oysters and their ecosystem must be considered when planning restoration projects. Those projects seeking to restore ecological function should bear in mind the complex relationships between oysters, the habitat they create as biogenic reef builders, and the water column in which they reside.

CULTURE TECHNIQUES APPLIED TO WILD BIVALVE BEDS IN GALICIA, NW SPAIN. Pazo, P.J., Delegación Territorial Conselleria de Pesca C/ Palma 4. 36202 Vigo SPAIN

The region of Galicia is located in NW Spain.  It has a coastline of 1.195 Km.  Galicia is the first producer of molluscs in Spain, taking advantage of natural oceanographic conditions: a seasonal upwelling and existence of positive estuary bays (Rias). Molluscs have been exploited in Galicia since prehistoric times.  The present shellfishing situation is developed in two ways: the gathering of molluscs on foot, raking the substratum for macroinfaunal bivalves in the intertidal belt.  The other type of shellfishing exploits the subtidal molluscs beds and involves the use of small boats.  In order to maintain and enhance bivalve production in intertidal wild beds, a series of culture techniques are applied, acting on the bivalve population (lowering high densities, enlarging area beds, sowing and repopulating new areas), fighting against predators and competitors (starfishes, drilling gastropods), removing green algae of the bed surface to avoid deleterious effects in young bivalves, changing substrate granulometry by adding coarse sand to areas with mud and silt condition, and by other means.  To act on the recruitment problems of two very valued species: butterfish clam (Ruditapes decussata) and European flat oyster (Ostrea edulis), a plan was established by the Fisheries Department of Galician Regional Government: “Plan Galicia”.  This Plan began in 1997 and was aimed to gradually transform traditional intertidal shellfish gathering into a professional activity by enhancing both the intertidal wild molluscan beds and the social organization of the mainly female population of shellfish gatherers.  This Plan is presently developing and relevant achievements are being achieved, mainly in the social area.

THE INFLUENCE OF ENVIRONMENTAL FACTORS IN JAPANESE OYSTERS HEALTH CONDITION CULTIVATED IN THE SOUTH OF PORTUGAL.  Pereira. A.L., and Ruano, F.A., IPIMAR - Research Institute for Fisheries and Sea, Av. de Brasilia 1449 - 006 Lisbon – Portugal, Chicharo, L., UCTRA - Algarve University - Campus de Gambelas - 8000-062 Faro – Portugal, and Matias, D., CRIPSul - South Research Center of IPIMAR - Av. 5 de Outubro - 8500 Olhao – PORTUGAL.

The effect of environmental parameters as well as the organic contamination, heavy metals and tributytlin (TBT) upon the development of diseases in cultivated japanese oysters Crassostrea gigas (Thunberg, 1793) was studied over 6 months. The results were also related with the condition index, growth and mortality rates. The study was performed in two different sites on a coastal lagoon in the South of Portugal. One site (“Elisamar”) is located in a clean area whereas the other (Olhao), due to its proximity to urban areas and to an important fishing harbour, is exposed to higher contamination levels. In Olhao, nosological examinations showed the higher levels of lesions and the greatest incidence of parasites. Two ciliates, Ancistrum sp. and Trichodina sp. were the most abundant at the two areas. The intensity of the infections and the lesional picture observed at the two sites, didn’t seem to affect significantly the condition, growth and mortality of the studied animals. However, the differences in the infection intensity registered in both sites could be an indicator of a lack of defensive response from the individuals submitted to more intense stressful conditions.

THE “EEEOHM” (EASTFIELDS’ ENVIRONMENT ENHANCING OYSTER HOLDING MODULE).  Perina, P. and D. Perina, Eastfields Farms, Box 275, Mathews, VA 23109, U.S.A.

The “EEEOHM” (EASTFIELDS’ ENVIRONMENT ENHANCING OYSTER HOLDING MODULE)  was originally developed to be used commercially, but the system is extremely versatile and is adaptable to a small garden size operation. The emphasis in developing the “EEEOHM” was on “KEEP IT SIMPLE, KEEP IT CHEAP”. The “EEEOHM” module consists of 3 “ADPI” square sided oyster cages (also called bags). Each cage has attached four 2 liter soda bottles for flotation. The cages are strung together with a 13 foot piece of crab pot rope or clothes line running laterally through their centers. The modules can also be separated into single floats as the needs of the grower dictate. The reason for using just 3 cages per module is simply “ease of handling”. Whether employing the system from a dock or a skiff, it’s a lot easier to detach and lift just 3 cages at a time than to struggle with maybe 40 or more cages all attached to a single rope. No heavy lifting. The “EEEOHM” can be floated under or along side of a dock, tied between posts, or deployed in rows secured to 2 parallel ropes anchored to the bottom at each end. The latter usually requires the use of a skiff.  During the last 14 years we at Eastfields have tried many ways of growing oysters. We’ve found the “EEEOHM” to be one of the most efficient and cost effective systems of off bottom culture. The “ADPI” cages last for many years and the soda bottles are free. We at Eastfields Farms are proud to have developed the “EEEOHM” and would appreciate the opportunity to answer any questions concerning this environment enhancing system.

A BIOCHEMICALLY-BASED MODEL OF THE GROWTH AND DEVELOPMENT OF

CRASSOSTREA GIGAS LARVAE.  Bochenek, E.A., E.N. Powell, Haskin Shellfish Research

Laboratory, Rutgers University, Port Norris, NJ 08349, U.S.A., J.M. Klinck and E.E. Hofmann,

CCPO, Old Dominion University, Norfolk, VA 23529, U.S.A.

A biochemically-based model was developed to simulate the growth, development, and metamorphosis of larvae of the Pacific oyster, Crassostrea gigas. This model, which is the first of its type, defines larvae in terms of their gross biochemical composition: protein, neutral lipid, polar lipid, carbohydrate, and ash content. The model includes parameterizations for larval filtration, ingestion, and respiration, which determine growth rate, and processes controlling larval mortality and metamorphosis. Changes in the initial ratios of protein, carbohydrate, neutral lipid, and polar lipid occur as the larva grows and in response to the biochemical composition of available food. The model results show increased larval survival when low protein food sources are available. High-protein food sources result in insufficient carbohydrate and neutral lipid to cover metabolic costs and to permit successful metamorphosis. The result is larvae that are unable to successfully complete metamorphosis. Thus, food quality, as well as food quantity, appear to be primary controls on the ability of Crassostrea gigas larvae to reach the body condition needed for metamorphosis. Other simulations show that initial egg size (lipid content) controls the ability of the larva to sustain itself until it reaches a size where it can effectively filter and assimilate food. Large eggs produce larvae that are more able to withstand food-poor environments, suggesting that egg size variability may account for the range of larval sizes at which metamorphosis is attempted.

A FISHERIES MODEL FOR MANAGING THE OYSTER FISHERY DURING TIMES OF DISEASE.  Klinck, J.M., CCPO, Old Dominion University, Norfolk, VA 23529, U.S.A., E.N. Powell, J.N. Kraeuter, and S.E. Ford, Haskin Shellfish Research Laboratory, Rutgers University, Port Norris, NJ 08349, U.S.A.

In Delaware Bay, market size oysters have been produced by moving oysters from the seed beds to planted grounds in higher salinity, where oysters increased in size and meat condition. In 1989, the oyster disease Dermo became active on the planted grounds and lower seed beds. The increase in disease reduced the desirability (loss of shell resource from seed areas) and profitability (high mortality) for moving oysters into higher salinity areas. As such, oyster production has focused on two production schemes: (1) direct harvest of oysters produced on the lower seed beds, essentially a wild fishery, and (2) the transplantation of oysters from the mid-estuary seed beds to the lower estuary seed beds. Transplanted oysters are then harvested after the meat condition improves. One of the consequences of these approaches is the need to estimate the allowable production from the seed beds each year, which is equivalent to setting a yearly quota. It seems clear that present oyster populations are below pre-disease levels, and that continued high disease levels will prevent recovery to pre-disease levels. The presentation describes a model developed for the management of fished oyster populations which lie over a salinity gradient and for which disease mortality is a controlling influence. We will present a review of the Delaware Bay stock assessment for 1998 and 1999. We will then describe a model developed to address management issues when Bmsy and K are not appropriate options and apply it to Delaware Bay oyster populations.

SHELLFISH DATA MANAGEMENT AND REPORTING SYSTEM (SDMRS).  Power, J. and D.B. Walker, Environment Canada, 224 West Esplanade, North Vancouver, British Columbia, V7M 3H7, CANADA, and E-CARTA Services, 419 N 18th Ave. E, Duluth, MN 55812-1352, U.S.A.

The objective of this work was to design a user-friendly interface to digital watershed maps and hydrographic charts, thematic layers such as clam harvesting areas, farms, shellfish leases and closures, and databases relating to pollution sources, water quality sampling, shellfish growing areas, locations of marine mammals and seabirds, fish farms and weather, for Canada’s West Coast. Such an interface will allow scientists in the shellfish program of Environment Canada, Pacific and Yukon Region to readily generate data reports including maps detailing shellfish closures and shoreline assessments. The Shellfish Data Management and Reporting System (SDMRS) is an ArcView GIS application linked to an Access database which requires no special knowledge of SQL queries of databases or GIS. From ArcView the user chooses the sector to be mapped and the additional area around the sector to display map information from drop down menus. The system then generates the appropriate base map by clipping out the underlying hydrographic charts and/or watershed maps. Then the user selects the themes and data sets to add to the map, again by choosing from drop down menus. The system adds the themes, uses ODBC to query the database and retrieve the appropriate data sets, converts them to the proper projection, and adds them to the map. When completed the map is then exported to the report document.

RESTORING OYSTER REEFS FOR FISH: ESTIMATING ENHANCED SECONDARY PRODUCTION  OF RESTORED OYSTER REEFS.  Powers, S. P., C.H. Peterson, and J.H. Grabowski, Institute of Marine Sciences, University of North Carolina at Chapel Hill, 3431 Arendell Street, Morehead City, NC 28557, U.S.A.

The recognition that oyster reefs provide an important resource, but also provide habitat for a variety of other species, has encouraged restoration of oyster reefs as a method to enhance production of finfish and shellfish within estuaries. Here we describe an approach for determining the augmented secondary production of bottom areas that were sand/mud flats and restored to oyster reefs. First, through a review of published and unpublished studies, we compared densities of animals on oyster reefs to nearby areas without biogenic structure. We divided those species that showed enhanced densities on reefs into three groups: (1) species that recruited exclusively to reefs, (2) species that had higher recruitment to reefs, but still recruited and utilized non-structured habitats, and (3) species that showed higher aggregations around reefs, but were not limited by reef habitat based on diet and life-history analyses. For this first group, all production is attributed to the reef. Because some proportion of the enhanced density of species belonging to this second group would probably have recruited to ​other habitat, the production attributed to the reef is adjusted by a coefficient of reef-habitat exclusivity (CRE) that we developed using diet analysis and life-history information. For the final group of animals, the reef only receives credit for that fraction of growth that is enhanced by the presence of the reef, this determination is made through the application of a CRE. Applying this approach to proposed oyster reef restoration in Tampa Bay, FL, we estimated the augmented secondary production of 10 m2 of oyster reef to be 2.57 kg y-1.

RESTORING THE LITTLENECK CLAM RESOURCE FOR NATIVE AMERICAN SUBSISTENCE USE IN THE PRINCE WILLIAM SOUND, ALASKA. RaLonde, R., University of Alaska, School of Fisheries and Ocean Sciences, Anchorage, AK 99508-4140, U.S.A.

Natural and man caused disasters decimated the littleneck clam (Protothaca staminea) populations on the intertidal beaches of Prince William Sound, Alaska.  Subsequently, Native American Villages have been unable to harvest clams to meet their subsistence needs.  Since 1995, the Quteckak Native Corporation has been actively pursuing restoration of the clam populations by developing seed production technology, conducting site selection studies, and managing growout trials.  The initial success of their restoration efforts now enables communities to harvest clams from the restored beaches and broaden the program.  This presentation will describe the research and restoration results of the project and the human impact of the restored resource on the Native Villages of Prince William Sound, Alaska.   

DEVELOPMENT OF CRASSOSTREA VIRGINICA MICROSATELLITE MARKERS FOR A GENETIC LINKAGE MAP AND GENETIC MONITORING OF RESTORATION PROJECTS.  Reece, K.M., W.L. Ribeiro, K.L. Hudson and S.K. Allen Jr., Virginia Institute of Marine Science, The College of William and Mary, Gloucester Point, VA 23062, U.S.A.

Dermo and MSX have had significant impacts on natural populations of the eastern oyster Crassostrea virginica and have been a detriment to oyster aquaculture development. A potential solution to this problem is genetically improved disease-resistant strains of C. virginica that can grow to market size despite disease challenge. Traditional selective breeding programs have resulted in strains of oysters that are being assessed for disease resistance. One means of accelerating selective breeding programs is to identify genetic markers associated with traits such as disease resistance or growth rate. A goal of this project is to develop genetic markers for constructing a linkage map and to identify markers associated with disease resistance to use in marker-assisted selection programs. In addition, markers developed in the genomics project are being surveyed for use in genetic monitoring of reef restoration projects. To assess relative genetic contributions of wild and planted stocks to restored reefs; markers are being identified that are able to genetically distinguish selected strains and natural populations in Chesapeake Bay. C. virginica microsatellite markers are being developed in an ODRP funded genome mapping project. Several di-, tri- and tetranucleotide repeat sequences have been identified. Primers for use in the polymerase chain reaction have been designed to anneal to regions flanking 39 microsatellites and amplification reactions for 21 loci have been optimized. F1 individuals from four reference families have been screened at twelve microsatellite loci for generating a genetic linkage map. Microsatellite allelic profiles of selected strains and natural populations are being examined.

OYSTER REEF RESTORATION RESEARCH IN MOBILE BAY, ALABAMA.  Rouse, D.B.1, R.K. Wallace2 and F.S. Rikard2, Department of Fisheries and Allied Aquacultures, Auburn University, 1Auburn, AL 36849, U.S.A., 2Mobile, AL 36615, U.S.A.

Oyster reef restoration in Mobile Bay has consisted primarily of shell planting on active reefs in the lower sections of the bay.  Efforts are now underway to restore reefs in the mid-bay area.  Studies are being conducted to determine why these reefs are no longer productive and what should be done to restore them to a productive state.  Bottom surveys were performed to quantify cultch availability.  Sediment traps were deployed to determine rates of sediment accretion and spat collectors were used to evaluate natural oyster set. Spat were deployed on the bottom and on platforms 20 cm and 40 cm above bottom. Data loggers were deployed on bottom and 40 cm above bottom to measure temperature, salinity and oxygen concentration.  Surveys revealed hard bottoms but little exposed cultch on non-productive reefs.  Sedimentation was high and consisted mainly of silt with more than 10% organic matter.  Single peak oyster sets occurred in the fall.  Oysters at the three experimental levels grew to approximately 60 mm in the first year.  During the second year, total mortality was observed at all three levels when oxygen levels dropped to 0 mg/L for five consecutive days.   Similar periodic low oxygen events may be occurring at the study site and on other relic reefs that will hinder their successful restoration.  Water quality studies suggest that cultch mounding will be necessary to elevate oysters above anoxic bottom conditions.

TRANSPLANTING BROODSTOCK OYSTERS, CRASSOSTREA VIRGINICA, ONTO RECONSTRUCTED OYSTER REEFS TO INCREASE SPAT RECRUITMENT IN THE PIANKATANK RIVER.  Sherwood, D.C., Sandston, VA 23150, U.S.A.

Virginia oyster reef restoration in the form of three-dimensional structures began in the Piankatank River, Virginia in 1993.  From 1993 to 1998, fifteen artificial reefs were built in tributaries of the Chesapeake Bay. In December 1996, reproductively active broodstock oyster from Tangier and Pocomoke Sounds were transplanted to the Shell Bar reef in the Great Wicomico River, Virginia. Surveys in the fall of 1997 indicated a high spat recruitment both on the reefs and nearby oyster bars. With this success, broodstock oysters from Tangier and Pocomoke Sounds were transplanted in December 1997 to two of the four reconstructed reefs in the Piankatank River. Since total quantity as well as density of broodstock was believed to be limiting factors for recruitment in this river, adding stock was expected to raise spat recruitment. Spat recruitment data was collected via dive surveys on the reefs, and via dredge and patent tong surveys on the natural oyster bars. The recruitment of spat to both reefs and bars was significantly higher in 1998 (p<0.001) than in the previous four years and a positive interaction (p<0.005) was seen between the reefs and the year 1998.  Based on these data, stock enhancements in the Piankatank River successfully improved recruitment and suggest oyster restoration may be facilitated in other areas of the Chesapeake Bay by strategic enhancement of spawning stocks.

HARMFUL ALGAL BLOOMS AND SHELLFISH RESTORATION: CAN THEY CO-EXIST? Shumway, S.E., Natural Science Division, Southampton College of Long Island University, Southampton, NY 11968, U.S.A.

Habitat quality is an obvious and important consideration for all shellfish restoration efforts including aquaculture and reseeding.  Harmful algal blooms (HABs), worldwide threats to habitat quality,  are naturally occurring phenomena and their number and frequency are increasing.  These blooms impact ecosystem integrity, species interactions, aquatic animal health, population growth, human health, economy, industry, and ecology and often pose a threat to wild and cultured shellfish populations.  While algal species that impact  human health receive the most attention, there are numerous HABs that cause the destruction and demise of shellfish beds and aquaculture operations.  These HABs can also dictate the successful citing of restoration efforts.  This presentation will review our knowledge of harmful algal-shellfish interactions worldwide including threats associated with the presence of recently identified problem species, e.g. Pfiesteria spp. and Heterocapsa, and discuss ways in which shellfish restoration efforts may be undertaken successfully in the face of these imposing threats.  Mitigation of these HABs  has become  an important focus for coastal research.  Data will be presented on recent studies on the use of clay as a means of alleviating the impacts of HABs.  Careful management-science interaction, not eradication, remains the only safe and functional means of mitigation currently available.    

A COMPARISON OF TWO OYSTER (C. virginica) STRAINS FOR PRODUCTIVITY AND SUITABILITY FOR USE IN OYSTER REEF RESTORATION EFFORTS.  Sorabella, L.A., Virginia Institute of Marine Science, College of William and Mary, P.O. Box 1346, Gloucester Point, VA 23062, U.S.A., M.W. Luckenbach and F.X. O’Beirn, Virginia Institute of Marine Science, College of William and Mary, P.O. Box 350, Wachapreague, VA 23480, U.S.A.

Over the past five years, eastern oyster (Crassostrea virginica) restoration efforts in Virginia have focused on constructing reef structures to act as sanctuaries. Increasingly, shell plants are stocked with hatchery-produced brood stock oysters that spawn and increase recruitment to the reefs. This involves rearing hatchery-produced seed oysters in floating containers and out-planting them onto reefs when they reach an appropriate size (20-30 mm). To assist with the labor involved in this process, we recruited citizen and student oyster-gardeners who raised the bulk of the oysters for transplant onto the sanctuaries. Two strains were hatchery-reared for transplantation onto these reefs:  CROSBreed oysters and wild-caught oysters from the lower Chesapeake Bay. The CROSBreed strain has been selectively bred since 1962 for resistance to the parasite Haplosporiduium nelsoni that causes MSX, and has more recently been bred for resistance to Perkinsus marinus, that causes Dermo. The second strain were large wild-caught oysters collected from the Lynnhaven River (Chesapeake Bay, VA) where the oysters were surviving under presumed high pressure from both parasites. The objective of this research is to evaluate the performance of the CROSBreed stock and wild stock oysters deployed on sanctuary reefs in the Lafayette River (Chesapeake Bay, VA). Evaluation compares the two strains based on female fecundity, growth, survival, and incidence of Perkinsus marinus and Haplosporiduium nelsoni infection measurements. As large-scale restoration projects proceed, it will be fundamentally important to assess which stock is most appropriate for use in the oyster restoration effort.

OYSTER RESTORATION AND THE UNIVERSITY OF MARYLAND: INTERACTIONS BETWEEN RESEARCH, INDUSTRY, AND THE PUBLIC.  Tobash, S.M. and D.W. Meritt, University of Maryland, Center for Environmental Science, Horn Point Laboratory, P.O. Box 775, Cambridge, MD 21613, U.S.A.

Maryland oyster populations have been declining for many years. The University of Maryland is committed in its involvement to assist in restoration programs, placing an emphasis on the ecological contribution that oysters provide to the overall health of the Chesapeake Bay.  Research efforts are focused on diseases, genetics, culturing techniques and basic oyster biology and ecology. The efforts of the Maryland Oyster Recovery Partnership and other concerned groups, along with increasing public involvement has enabled the oyster hatchery at the University of Maryland Center for Environmental Science Horn Point Laboratory to increase production of disease-free hatchery seed. These seed oysters are then used in a variety of restoration, education, and outreach activities statewide. Educational programs are targeted to a wide audience, ranging from nonprofit organizations of school aged children to commercial watermen. Outreach projects promote the involvement of concerned citizens like the Chesapeake Bay Foundation’s Oyster Gardening Program. Cooperation between commercial fishermen, management agencies, and concerned groups and combination of resources are key to a successful restoration program. The University of Maryland represents an important link in this process. The ongoing commitment of UMCES Horn Point Laboratory together with cooperative programs will continue to strengthen the future of the Chesapeake Bay oyster restoration effort.

EFFECTS OF WATERSHED ALTERATIONS ON OYSTER POPULATIONS IN SOUTHWEST FLORIDA ESTUARIES: AN ECOLOGICAL APPROACH.  Volety, A.K., M. Savarese, and S.G. Tolley, College of Arts and Science, Florida Gulf Coast University, 10501 FGCU Boulevard South, Fort Myers, FL 33965, U.S.A.

Southwest Florida is one of the country’s fastest growing regions. Consequently, watersheds are heavily managed to accommodate development.  Studies on the effects of altered watershed in this region involving valued ecosystem components, like oysters, are lacking, but clearly necessary. Using the oyster, Crassostrea virginica, as an indicator species, we are investigating ecosystem-wide health effects of watershed management practices in altered (Faka-Union, Henderson Creek, & Caloosahatchee River) and pristine (Blackwater River) estuaries. Measurements of oyster spatial distribution, condition index, spat recruitment, energy reserves, and disease prevalence of Perkinsus marinus are underway using a “spatial homologue approach” (among-estuary comparisons at hydrologically and geomorphically similar locations along the salinity gradient). Preliminary results indicate that in summer months, depending on the location, mean prevalence of P. marinus infection in oysters varied between 33-73%, while the mean condition index varied between 2.4 - 4.7. The distribution of reefs, regions of maximum living density, and maximum oyster productivity are shifted seaward in altered relative to pristine systems when water management practices are supplying excessive freshwater to estuaries. These populations, however, exhibit lower P. marinus prevalence because of the greater freshwater influence. This project represents the first study of watershed alteration on oysters in Southwest Florida and will help provide target environmental conditions for restoration efforts.

THE VIRGINIA OYSTER HERITAGE PROGRAM.  Wesson, J.A., Virginia Marine Resources Commission, 2600 Washington Ave., 3rd Floor, Newport News, VA 23607-0756, U.S.A., and L.B. McKay, Virginia Department of Environmental Quality, 629 E. Main St., Richmond, VA 23219, U.S.A.

The Virginia Oyster Heritage Program (VOHP) is a bold initiative to capitalize on recent advances and consensus on strategies for oyster restoration.  The VOHP seeks to restore oyster populations and oyster reef habitat, and to, thereby, improve ecological function, water quality and the oyster industry in Virginia’s portion of Chesapeake Bay and its seaside bays. Initiated in 1999 by the Department of Environmental Quality and Marine Resources Commission, the VOHP is a partnership of Federal, State, and private entities. Phase One focuses on the Lower Rappahannock River, with a goal of rebuilding eight to ten, 3-dimensional, oyster sanctuary reefs and restoration of more than 200 acres of oyster beds for direct harvest. The combination of funding from all sources totaled more than $1,500,000 in the first year, resulting in six reefs constructed, and 85 acres of harvest area restored. The Lower Rappahannock River, closed to harvest for six years, is an area of high salinity with consistent exposure to oyster diseases. Annual monitoring during this closure demonstrated that a significant proportion of the native oysters survived and grew, and that spatset became dependable. We believe that the lack of cultch has limited the increase in oyster populations and that enough natural broodstock has accumulated to colonize these restored areas. With proper management of sanctuary and harvest areas, we also believe that a sustainable fishery can be established while simultaneously increasing the standing stock of oysters. We anticipate comparable funding in 2001, and the expansion of this model into other areas.

ENHANCING AND SUSTAINING NORTH SHORE SHELLFISHING THROUGH AQUACULTURE. Whitten, J.J., Merrimack Valley Planning Commission, 160 Main Street, Haverhill, MA 01830, U.S.A.

Soft-shell clamming has long been a vital commercial fishery on the North Shore of Massachusetts. Earlier in the century, the Merrimack River Estuary alone produced up to 100,000 bushels of soft-shell clams per year (among the highest of shellfish harvesting communities on the East Coast). During the past decade, the fishery has seen significant declines and wide fluctuations in productivity. Landings have plummeted as much as 80% along the North Shore. The dramatic downturn in this once prominent industry is due to a combination of factors such as: natural “boom-and-bust” reproduction cycles, predation from non-native species such as the green crab, overharvesting, as well as regulatory closures of previously undocumented contaminated areas. The wide, unpredictable fluctuations in bed productivity make it impossible to ensure a sustainable and predictable harvest. The seeding of Massachusetts’ North Shore shellfish beds with hatchery-reared soft-shell clams offers the potential to moderate this cyclical and declining nature of productivity. Efforts to improve shellfishing through restoration/enhancement efforts in other states have demonstrated several methods by which a more consistent and sustainable harvest can be achieved. This presentation examines regional efforts conducted by the Merrimack Valley Planning Commission (MVPC) in collaboration with the coastal communities of Gloucester, Ipswich and Rowley Massachusetts to enhance and sustain soft-shell clam (Mya arenaria) populations. Ultimately a more sustainable harvest provides more secure employment opportunities for shellfishermen as well as other marine-based job opportunities.

COMMUNITY-BASED OYSTER RESTORATION IN AN URBAN ESTUARY:  DEVELOPING AN OYSTER CULTURE AND REEF RESTORATION PROGRAM IN THE HUDSON-RARITAN ESTUARY.  Willner, A., NY/NJ Baykeeper, Building 18, Sandy Hook, Highlands, NJ 07732, U.S.A.

Goals, progress and challenges to development of a restoration program led by a non​profit organization in an urban estuary will be discussed. The Hudson-Raritan Estuary supports a sparse oyster population that has collapsed since the beginning of the 1900’s. Major natural oyster beds were exhausted by commercial shellfishing in the early 1800’s, since the closure of the industry in the 1920’s the population has continued to decline to the current state of small groupings of individuals located in disparate reaches of the system. Prompted by the success of oyster restoration in other estuaries, NY/NJ Baykeeper, with guidance from a scientific advisory board, has begun to investigate the feasibility of restoring reefs to provide habitat for larval settlement and population recovery. Spat surveys conducted in 1998 demonstrating minimal recruitment, lead to the 1999 experiment of placing a large amount of shell on the historic footprint of an oyster population in New York Harbor to provide a greater area to increase probability of recruitment. Preliminary results demonstrate the potential for reef construction to increase oyster recruitment. To stock the reef in an effort to further improve recruitment success, a community-based oyster culturing program has recently been established involving schools, marinas, civic groups and families. Oyster restoration in estuaries with pollution concerns such as this provide the opportunity to investigate factors affecting population recruitment and maintenance as well as challenges to public education and outreach in urban areas.

