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Tautog (Tautoga onitis) Early Life Stage Optimization in Recirculating Aquaculture Systems: Spawning, Culture Density, Diet and Behavior Through Metamorphosis

Funding level:  $198,084
Project start date: 1 April 2021

Project duration:  24 Months

Project Coordinator: Dan Ward, Ward Aquafarms, LLC

Participants:  Michael Coute, Beth Phelan, R. Christopher Chambers, Joshua Reitsma, Fred Mattera
Project Summary:
The goal of this project is to identify the early life history requirements of tautog that will lead to improved, commercially viable methods for aquaculture production. The proposed work is an inter-state regional collaboration that includes the aquaculture industry, fishing groups, state resource managers, and federal scientists. The project team brings a variety of skills that will be needed to achieve this goal, and the project serves as a bridge between these sectors. Adult tautog broodstock will be acquired from local collaborating hook-and-line fishermen from the Commercial Fisheries Center of Rhode Island (CFCRI, Pt. Judith, RI). These fish will be maintained, ripened using thermal conditioning and photoperiod manipulation, and spawned using induced and volitional spawning in large recirculating aquaculture systems (RAS) at the NOAA Northeast Fisheries Science Center (NEFSC) (Sandy Hook, NJ). The eggs will be collected, incubated under controlled conditions, and the hatched larvae dispersed into experiments (RAS scaled to the larval sizes) while evaluating the role of larval density on production of settled juveniles. The role of food quality and quantity in production will be tested for transitioning larvae and young juveniles at the NEFSC facilities. The role of stocking densities on juvenile production (survival and yield) after their weaning onto commercial-grade pellet feed will be evaluated at Ward Aquafarms (North Falmouth, MA). Finally, the role of structure (habitat shelters) in grow-out systems on juvenile grow-out performance will be evaluated at Ward Aquafarms. Outreach will occur at both core facilities of the research team and will include partners at the Cape Cod Cooperative Extension (Barnstable, MA) and the NOAA Outreach Coordinator at the New Jersey Sandy Hook Laboratory, to encompass outreach activities through the range of the project locations. 

Specific Objectives of the Proposed Project 
1) Evaluate the quality of tautog eggs produced from induced versus volitional spawning. 

2) Identify the culture density of larval tautog in aquaculture systems that optimizes growth and survival to metamorphosis. 

3) Assess the effects of the type and quantity of live feeds in larval and early juvenile tautog in aquaculture systems. 

4) Determine the effects of shelter and juvenile density in the growth, behavior, and survival of juvenile tautog. 

5) Use cooperative teams and outreach activities to integrate multiple sectors of the regional resource community and to engage the public 

Increasing Minority Professional Participation in Urban Aquaculture and Public Aquariums
Funding level:  $19,901
Project start date: 1 April 2021

Project duration:   12 Months

Project Coordinator: Steven G. Hughes, Cheyney University of Pennsylvania

Participants:  Marc Kind, Robert Pelc
Project Summary:
The primary Objectives for this pilot project are to: 1. begin to expose minority students from the Mid-Atlantic region to the opportunities presented by a career in the RAS and public aquarium industries; 2. begin to understand the roadblocks preventing post-secondary minority students from viewing aquaculture as a viable career option; 3. begin to build a more diverse professional staff in the aquaculture industry; and 4.

expand the educational opportunities for students from this region by providing paid internships in the aquaculture industry

Vaccinating the Muscosal Surfaces of Commercially Important Fish Species

Funding level:  $18,094
Project start date: 1 April 2021

Project duration:   12 Months

Project Coordinator: Ian Bricknell, University of Maine

Participants:  Chris Bartlett, Joshua Ryan Cook
Project Summary:
Objective 1, Develop a mucosa vaccination system for fish using a model species (Zebrafish Daniorerio (F. Hamilton, 1822))
Objective 2 Optimize the delivery of mucosal vaccine to fish either by dermal injectors or hypoinjectors,

Objective 3 Assess the mucosal and serosal immune responses in these fish,

Objective 4 Evaluate another fish species’ immune response using this method (a “typical” salmonid; e.g Atlantic salmon, Salmo salar Lwith a view to developing a future proposal that is relevant to the marine Salmonid industry of New Hampshire (king rainbow trout and Atlantic salmon in Maine), where sea lice and Vibrio infections remain problematic.

Development of Resistant Bay Scallop Strains for Aquaculture in the Northeast

Funding level:  $69,965
Project start date: 1 September 2020

Project duration:   24 Months

Project Coordinator: Emanuel Pales Espinosa, Stony Brook University

Participants:  Bassem Allam, Stephen Tettlebach, Karen Rivara, Emma Green Beach 

Project Summary:
Adult bay scallop (Argopecten irradians subpsp. irradians) populations in the Peconic estuary (east end of Long Island, NY) have suffered severe mortality events in summers 2019 and 2020. Evidence suggests that the cause of the mortalities is a combination of temperature stress and infection by an Apicomplexan parasite dubbed bay scallop coccidia (BSC). This proof of concept (seed grant) application is designed to test the hypothesis that the extensive selection pressure exerted by these large-scale mortality events resulted in the selection of resistant scallops. We propose to use traditional approaches of selective breeding to determine if signatures of selection can be detected, therefore allowing the identification of superior strains of bay scallops that are more resistant to biological and environmental stressors impacting growth and survival. The overarching objective of the work is to identify scallops that better resist BSC and temperature stress. To do so, we will contrast the performance of offspring derived from adult scallops that were exposed, or not, to the selective mortality events. The work will serve as a pre-requirement for the future development of selective breeding programs for the bay scallop, in support of the sustainability and growth of the aquaculture industry. Given the high farm-gate value of this crop and dwindling wild capture, the potential for aquaculture growth of the industry is extremely important. In this framework, identification of bay scallop stocks that better resist BSC and stressful temperature is a major priority for a broad range of stakeholders. Our expected results will optimize aquaculture efforts in the Northeast and facilitate the recovery of bay scallops in NY waters and will serve as a reference for establishing selective breeding programs across the region.
Aquaculture Biotechnology for the Enhancement of Live Feed Production

Funding level:  $16,178
Project start date: 1 September 2020

Project duration:   12 Months

Project Coordinator: Andrew Rhyne, Roger Williams University

Participants:  Christopher Burtner 

Project Summary:
The proposal is a proof-of-concept for principle research into the genetic modification of rotifers. The generation of a protocol for genetic engineering of rotifers requires meeting two intermediate goals: 1) determining the optimal dosage of lipofectamine and Cas12 recombinant protein to introduce a functional gene deletion in rotifers; and 2) to exploring the conditions necessary for homologous recombination in order to introduce new genes into the rotifer genome. The putative insulin/insulin-like growth factor receptor (IGFR) will be targeted for deletion to test the hypothesis that an IGFR-null rotifer will exhibit an extended natural life span, as reported in several other model organisms. This will necessarily involve titrating concentrations of lipofectamine and Cas 12 recombinant protein to empirically determine the dose which provides the highest level of gene mutation. Once conditions are determined to be optimal for Cas 12-mediated gene deletion, the proposal is extended to determine the feasibility of performing gene knock-in at the IGFR locus by introducing green fluorescent protein (GFP) DNA sequence in place of the IGFR coding sequence. This will involve titrating the concentration of exogenous DNA encoding the GFP protein, as well as experimentally determining the length of homology necessary to drive recombination. The protocols developed in this proposal will be instrumental in developing a strategy for introducing other pathways of interest to improve the nutritional quality of marine rotifers for live feeds.

Scallop Research Collaborative

Funding level:  $12,386
Project start date: 1 September 2020

Project duration:   12 Months

Project Coordinator: Meggan Dwyer, University of Maine

Participants:  Deborah Bouchard, Phoebe Jekielek, 
Project Summary:
This request is to fund the formation of a Scallop Research Collaborative (SRC) which

will use as a model the Maine Lobster Research Collaborative, which aims to understand the lobster resource, fishery, and industry in the changing ecosystem of the Gulf of Maine by producing integrated research programs and inspiring direction for future collaborations. The SRC will establish a framework to develop research priorities and initiate collaborative projects focusing on the Gulf of Maine scallop resource. The purpose of establishing the SRC is to convene aquaculturists, wild harvesters and researchers to work synergistically toward the following objectives:

1)Determine the current state of scallop research and identify research bottlenecks to

industry economic growth

2)Network researchers with industry (aquaculturists, harvesters, processors and dealers)

to meet the needs of the industry using existing forums and broader funding initiatives

3)Collaborate on funding proposals that address the research and capacity needs of the

scallop industry

4)Propose synergistic research solutions that can be used as models in the NE region

5)Conduct activities that elucidate the mutual benefits of collaboration between wild

harvest and aquaculturists
Oyster Microbiome Changes Resulting from Different Winter Storage Methods

Funding level:  $19,318
Project start date: 1 September 2020

Project duration:   12 Months

Project Coordinator:  Heidi Yeh, Rutgers University

Participants:  Lisa Calvo, David Bushek, Elizabeth Haskin
Project Summary:
The objectives of this minigrant are to measure changes to the oyster microbiome during three different overwintering strategies, and to associate those changes with four key farm performance metrics: survival, disease, growth and reproduction. 

2.1 If refrigerated over-winter storage of oysters improves oyster survival and performance, and microbial changes pose no increased human health risk, then refrigeration could be employed as an effective method to reduce oyster mortality and increase farm revenue. Additionally, if particular bacteria are associated with better performance, then there is the potential to develop probiotic therapies to make additional improvements during winter storage or market transport and retail storage. 

2.2 The primary beneficiaries will be oyster farmers in the northeast region who seek to minimize winter damage and stress to oysters caused by frost and temperature variability. 

2.3 Measurable economic benefits may include increased winter survival, reduced disease, better post-winter growth, and improved oyster products for market.
Quantifying Farm-Scale Ecosystem Services Provided by Eastern Oyster Aquaculture in the Northeast

Funding level:  $198,618
Project start date: 1 September 2020

Project duration:   24 Months

Project Coordinator:  Daphne Munroe, Rutgers University

Participants:  Lisa Calvo, Danielle Kreeger, Kurt Cheng, Julie Rose
Project Summary:
The purpose of this project is to provide a scientifically rigorous account of an ecosystem service provided by U.S. east coast oyster farms. Specifically, the project aims to estimate farm-level year-round filtration and nitrogen removal occurring at oyster farms across the region to quantify local farm contribution to improved water quality. Seasonal measurements will be made throughout the year of individual oyster filtration rates, water clearance rates, and nitrogen removal in ambient farm water. These measurements will be scaled up to estimate total farm annual filtration and nitrogen removal using the farm’s standing stock. These measurements will be made using oysters representing a range of sizes, and will be performed at farms spanning a range of habitats and farm types in the region. We will use the data collected to develop an online calculator that farmers can use to estimate the water quality impacts of their farms.

Comparing the performances of Diploid and Triploid Eastern Oysters in the Northeast

Funding level:  $199,995
Project start date: 1 September 2020

Project duration:   24 Months

Project Coordinator:  Bassem Allam, Stony Brook Universtiy

Participants:  Dr. Ximing Guo, Dr.Dina Proestou, Dr. Robert Cerrato, Dr. Emmanuelle Pales Espinosa, Gregg Rivara
Project Summary:
Oyster aquaculture production has experienced double-digit annual growth over the last 15 years. A significant amount of this growth derives from triploid oyster technologies. Triploid oysters are generally sterile, grow fast and maintain good meat quality throughout the reproductive period of the year (summer in the Northeast). An added benefit of triploid oysters is that, being functionally sterile, they have no impact on wild populations. In the eastern oyster (Crassostrea virginica), triploids derived from disease-resistant lines promise product yields 192% higher than diploids due to enhanced growth and improved meat quality. While rapid growth minimizes the length of the grow-out period and exposure to disease, significant triploid-specific spring mortality has been reported in RI, MD, VA, and the Gulf Coast. No previous studies have directly compared the performance and profitability of diploid and triploid oysters with similar genetic backgrounds in a regional framework, and this lack of data has hampered the enthusiasm for using triploid seed among farmers, particularly in the Northeast. The overall objective of this study is to conduct a research program to provide the aquaculture industry with improved oyster stocks for growth under various environmental conditions prevailing in the Northeast. Specifically, this collaborative project will use a regional framework to evaluate the performance (including a thorough physiological evaluation with dynamic energy budget modeling) of selected diploid and triploid lines of oysters in different environments, and will evaluate the importance of geographic origins of female oysters crossed with selected tetraploid males in the success of triploid offspring. It is our plan to collect information on how growth, disease resistance, and survivorship vary by genotype and site, identify the best diploid and triploid lines for each test sites, and communicate our results through robust extension and outreach. Results of our field trials will provide direct benefits to shellfish breeders, farmers, and other stakeholders by identifying the most important factors underlying performance in different environmental contexts. Superior oyster lines identified in this project will be immediately made available to the aquaculture industry via our extensive outreach and industry linkages.

Optimizing the Performance of the Bottle Upweller System for      Enhanced Shellfish Nursery Production.
Funding level:  $151,614
Project start date: 1 September 2020

Project duration:   24 Months

Project Coordinator:  Dale Leavitt, Roger Williams University, RI

Participants:  Blount Shellfish Hatchery, Aquaculture Research Corp., Aeros Cultured Oyster Co.

Project Summary:
The goal of this project is to optimize the performance of the bottle upweller in supporting juvenile shellfish growth. To meet that goal, we propose the following four objectives:

1. Characterize the flow dynamics of the variety of bottle upweller vessels commonly used through computational fluid dynamic modeling and dye tracer studies.

2. Test the role that vessel shape and water velocity through the system may play in

enhancing the overall production of post-set juvenile shellfish in the system.

3. Evaluate an optimized system design resulting from the combined efforts in Objectives 1and 2.

4. Outreach the results of this study to commercial shellfish hatcheries and other interested parties.

By providing shellfish hatcheries with an optimized bottle upweller system, the production time for saleable seed coming from the hatchery will be reduced, increasing the profitability of the

hatchery by producing more seed and holding it for shorter time intervals in the hatchery. As such, this proposal addresses the Goal TRA-19-1: Research and demonstrate opportunities for increased profitability; specifically, to lower input costs (e.g., labor, energy, capital equipment, and space) related to the production of aquatic organisms.
Novel Anti-predator Coatings for Shellfish Aquaculture
Funding level:  $20,000
Project start date: 1 January 2019

Project duration:   12 Months

Project Coordinator:  Dan Ward, Ward Aquaculture Farms North Falmouth, MA

Participants:  Alex Walsh, smartPAINT, LLC  Falmouth, MA

Project Summary:
Throughout the United States and in New England specifically, shellfish aquaculture has been rapidly expanding for many years, and communities throughout Massachusetts have embraced the production of a sustainable protein source that creates local jobs and preserves environmental integrity (Rheault et al., 2004). The industry continues to expand to fill unmet demand for high quality farm-raised shellfish; however, there are numerous environmental variables that restrict production and economic viability of both small and large-scale farms throughout the region (Byron et al., 2011; Doney et al., 2012). One of the most pressing issues for aquaculturists is the constant threat of predation (Switzer et al., 2011; Walton et al., 2013). In different environments, the issue may be oyster drills (Stramonita haemastoma, Urosalpinx cinerea) (Walton et al., 2013), sea stars (Evasterias troschellii, Asterias vulgaris) (Rolheiser et al., 2012), moon snail (Euspira heros) (Miron et al., 2005), as well as many others.
Regional Comparison of Off-Bottom Oyster Cages as Marine Habitat in the Northeast

Funding level:  $19,989
Project start date: 1 January 2019

Project duration:   12 Months

Project Coordinator:  Daphne Munroe, Rutgers University
Participants:  Julie Rose, NOAA Fisheries NEFSC Milford Lab

Lisa Calvo, Rutgers University

Marc Zitter Northern Cape Sea Farms, LLC
Project Summary:
Off-bottom oyster cages are an increasingly common method for culturing large numbers of oysters on a small footprint. These cages create complex 3-dimensional structure that may provide habitat for fish and other organisms; shellfish growers routinely observe fish and invertebrates at a variety of life stages interacting with aquaculture gear. Oyster cages placed on relatively featureless bottom may provide the only complex habitat in low relief areas, and large numbers of oyster cages may act as artificial reefs attracting and aggregating fish and invertebrate species typically associated with natural structured environments. However, ecological concerns related to off-bottom oyster culture are many and include biodeposition and impacts to benthic habitats, altered currents and phytoplankton drawdown, disease and spread of non-invasive species, and wildlife habitat loss (Forrest et al., 2009). As industry in the Northeast region expands, balanced data will need to be available to managers and regulatory agencies who are tasked with making decisions about permitting and leasing in areas where there may be habitat and wildlife trade-offs to consider. Regional data documenting fish habitat provisioning will be of direct value to regulators and fishery managers who make decisions about siting shellfish farms and protecting habitat for recreationally and commercially important fish species. In an ongoing effort, underway in Long Island Sound (LIS) since 2017, co-PI Rose and a team of collaborators at the NOAA Milford Lab have been establishing protocols for video and data collection and have been collecting video documenting fish interactions with oyster cages. We propose expansion of that program to other Northeast states (New Jersey) using parallel video and data collection for the 2018 summer season.

Evaluation of Natural Astaxanthin Produced by Microalgae as a Potential Pigment Source for Atlantic salmon (Salmo salar) Feed
Funding level:  $19,860
Project start date: 1 January 2019

Project duration:   12 Months

Project Coordinator: Gary Burr transferred to Brian Peterson, USDA ARS National Cold Water Marine Aquaculture Center
Participants:  Alberta Aryee, Delaware State University

Project Summary:
The purpose of this proposal is to evaluate the stability of astaxanthin in microalgal cells (McaAst) and to determine if the astaxanthin can potentially be used by Atlantic salmon.

Sustainable and Cost-effective Aquaculture Waste-sludge Reutilization System Based on Optimum Nutrient Management in Integrated Multitrophic Aquaculture and Horticulture Systems

Year 2 transferred to Cornell

Funding level:  $199,179
Project start date: 1 January 2019

Project duration:   24 Months 
Project Coordinator:  Todd Guerdat, University of New Hampshire year one.  Moved to Eugene Won at Cornell University for year two

Participants:  Michael Timmons, Cornell University

Ryan Dickson, University of New Hampshire

Project Summary:
This applied research project will be accomplished in six objectives 1) Determine the viability for aquaponics production of spinach and lettuce in the Northeast using the nutrients from the waste-sludge of a recirculating aquaculture system (RAS); 2) Identify, quantify and evaluate plant-available nutrients in a RAS to develop a hydroponic nutrient solution; 3) Investigate root zone nitrification as a way to reduce capital costs by eliminating traditional biofilters; 4) Build an economic model to analyze options for local growers; 5) Validate findings in a commercial context and develop standardized system designs; and 6) Develop and implement industry workshops for direct transfer.
Improving Hatchery Techniques of Lumpfish (Cyclopterus lumpus) for Use as a Cleaner Fish to Control Sea Lice in Atlantic Salmon and
Steelhead Trout Net Pens


Funding level:  $200,000
Project start date: 1 January 2019
Project duration:   24 Months

Project Coordinator:  Elizabeth Fairchild, University of New Hampshire

Participants: Michael Pietrak, USDA ARS National Cold Water Marine Aquaculture Center
Gary Burr, USDA ARS National Cold Water Marine Aquaculture Center
Michael Chambers, University of New Hampshire
Project Summary:
The main objective of this project is to address existing lumpfish culture gaps at the hatchery, provide rearing protocols and guidelines that enable the development of a Northeast lumpfish hatchery, and provide the salmon and steelhead trout industries with feasible techniques for using lumpfish as cleaners so that

sea lice mitigation could be less costly and more sustainable.
Identification of the Cause of Hemic Neoplasia in Mercenaria mercenaria and Development of Management Methods.
Funding level:  $175,336
Project start date: 1 April 2018
Project duration:   24 Months

Project Coordinator:  Roxanne Smolowitz, Roger Williams University

Participants:  Rebecca Gast’ Woods Hole Oceanographic Institution
Diane Murphy, Cape Cod Cooperative Extension
Project Summary:

Aquaculture of hard clams, Mercenaria mercenaria, is an economically important business venture in the U.S. The USDA's 2013 census of aquaculture in the U.S. reported hard clam commercial aquaculture production was worth over $64 million.  Diseases that threaten the viability of this industry are of significant concern to culturists, managers and consumers on the East Coast. In the last few years, Murphy and Smolowitz have identified a new disease in hard clams that appears similar to disseminated neoplasia, as described in Mya arenaria (the soft shell clam) and other bivalves.  The disease is occurring in hard clams in Wellfleet, MA, and significantly affects the animals aquacultured in several disparate locations within the harbor.  This new hard clam disease causes
mortality during the spring in both sub-market and market sized animals.  A recent experiment by Murphy and Smolowitz demonstrated that the disease was not hatchery-specific and occurred in animals from 3 different hatcheries when those animals were grown in Wellfleet Harbor.  This disease in hard clams may be transmissible through the water column as is being identified in a similar disease in soft shell clams. In addition, there exists potential for transmission cross-species. This emergent disease situation presents several potentially dire consequences if not addressed since transfer to other locations in MA and on the east coast is probable.
There is a demonstrated need to develop "on the farm" strategies for this emergent disease risk to quahog production.  Current research is in the early stages of understanding this disease and the ramifications to the entire industry could be significant.  Right now it appears to be a localized problem, but without directed research to understand the epidemiology there are few to no recommendations for "on the farm" management of this disease.
Inventory of Barriers in the Northeast that Limit the Aquaculture Industry
Funding level:  $181,083
Project start date: 1 October 2017

Project duration:   24 Months

Project Coordinator:  Matt Parker, University of Maryland

Participants: Dan Ward, Ward Aquafarms 
Don Webster, University of Maryland

Brian Gennaco,Virgin Oyster Company
Dennis McIntosh and Gulnihal Ozbay, Delaware State University
Lisa Calvo, NJ Sea Grant Consortium
Chris Davis, Maine Aquaculture Innovation Center
Elizabeth Fairchild, University of New Hampshire
Michael Rice, University of Rhode Island.

Project Summary:

The workgroup team will contact appropriate federal, state, and if possible, local agencies to determine aquaculture regulations and permitting requirements. The team will also research other potential barriers to entry and identify all key personnel for assistance in starting an aquaculture operation.
Understanding Public Perceptions Associated with Design and Siting of Potential Aquaculture Projects
Funding level:  $199,9917
Project start date: 1 September 2020

Project duration:   24 months

Project Coordinator:  Tracey Dalton, University of Rhode Island

Participants:  Dawn Kotowicz, University of Rhode Island Sea Grant

Di Jin, Woods Hole Oceanographic Institution 

Project Summary:

The overall goal of this project is to support commercial aquaculture development and expansion in the Northeast region by developing a deeper understanding of public interests and concerns about a specific set of aquaculture farm designs and operations, so that public preferences can be incorporated into business and management plans at the earliest stages of development. In particular, this study uses a multi-step methodology to develop and implement a self-administered stated preference survey to identify key public preferences related to design and siting of potential aquaculture projects in southern New England. Innovative outreach strategies will be used to share these key preferences with growers, managers, and other stakeholders.

Expanding Green Sea Urchin Production by Removing Key Aquaculture Challenges
Funding level:  $100,000
Project start date: 1 September 2020

Project duration:   24 months

Project Coordinator:  Coleen Suckling, University of Rhode Island
Participants:  Stephen Eddy, University of Maine
Luz Kogson, University of Maine

Dana Morse, University of Maine Cooperative Extension

Nonfunded:

Larry Harris, University of New Hampshire

Sea Urchin Zone Council, Maine Department of Marine Resources

David Quinby, Ocean Resources Maine

Jordan Kramer, Winnegance Oyster Farm Maine

Sarah Redmond, Springtide Seawee, LLC Maine

Keith Butterfield, Butterfield Shellfish Co. Maine

Project Summary:

This proposal aims to remove the key barriers hindering the establishment of commercially viable sea urchin aquaculture in the Northeast Region. Here we propose to adapt and improve upon existing technology to improve the success and lower green sea urchin seed production costs in the Northeastern US. In tandem we will work to increase awareness of the availability of hatchery seed by working with regional industry and extension staff. In a series of lab trials, we will optimize settlement and post settlement conditions and food supplies for recently settled sea urchins. The best results will then be applied at the CCAR hatchery to determine whether the laboratory trials translate to improved success at commercial scale and reduced seed costs. In collaboration with a University of Maine Extension Agent, we will run two conference talks, a workshop and extensive outreach aimed at regional shellfish and seaweed growers to increase awareness of hatchery seed availability, generate a sea urchin stakeholder interest group, and quantify grower interest in seed uptake. At project end we will report the new cost of hatchery seed and quantify medium term uptake.
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