Sustainable Culture Technology

Research on sustainable culture technologies focused on further refinement of super-intensive, recirculating aquaculture systems (RAS). During the reporting period, SCDNR modified their prototype commercial raceway (235 m3) by installing a self-contained water filtration system, connecting settling tanks for solids waste management, and providing 56 airlifts for more effective water circulation and aeration. During the fall/winter of 2009-2010, SCDNR conducted a production trial in the prototype raceway which was operated at 16 ppt salinity and had an initial stocking density of 496 shrimp/m3 (Task 3.1.1.1.1). After 128 days, mean harvest shrimp weight was 15.3 g, growth rate was 0.77 g/wk, survival was 79%, FCR was 2.24, and production was 5.99 kg/m2. During the trial, CO2 concentrations reached 78.6 mg/L and it is possible that this may have compromised shrimp growth. Importantly, about 27% of the initial fill water used in this trial was reused raceway water from the previous summer trial. Long-term water re-use may cause problems due to metal accumulation in RAS water or shrimp tissue. During the trial, SCDNR analyzed system water, biofloc, and shrimp tissue for 20 elements and found that nitrogen, phosphorus, copper, iron, manganese, molybdenum, arsenic, and zinc accumulated in RAS water. Biofloc concentrated iron, nitrogen, and zinc, as well as lead and arsenic. Shrimp tissue accumulated arsenic, cadmium, lead, and selenium. However, none of these potentially toxic metals approached Food and Drug Administration Action Levels or U.S. Environmental Protection Agency Screening Values. Finally, during the fall/winter trial, SCDNR monitored a number of economic metrics in an effort to estimate cost of production which was $6.62/pound. Propane represented the single largest operating cost (29%) followed by feed (26%), electricity (20%), postlarvae (17%), and labor (6%).    

During the reporting period, TALR initiated a production trial in four 40-m3 greenhouse-enclosed raceways (Task 3.1.1.1.3). All raceways were filled with water previously used in a 52-d nursery trial, and all were outfitted with small, commercial foam fractionators which were used intermittently to maintain water-column TSS concentrations between 200 and 500 mg/L. Raceways were stocked with juvenile L. vannamei at a density of 550 shrimp/m3.  Although the trial was ongoing at the end of the FY09 reporting period, at day 48 estimated weight was 9.0 g, estimated growth rate was 1.2 g/wk, and estimated production was 4.6 – 5.3 kg/m3. 

Progress was made in developing ways to manage and dispose of solid waste from RAS and to better understand the impact of in situ solids on shrimp performance and water quality. GCRL assessed the impact of solids removal on shrimp performance and determined that shrimp growth improved significantly when solids were removed from RAS water using settling chambers (Task 3.1.1.1.2). However, during the experiment, exogenous carbon (sucrose) was added to the experimental tanks in the “low solids” treatment in an attempt to control increasing nitrite concentrations. This additional carbon altered the C:N ratio in the water and supported heterotrophic bacteria. It is possible that too many particles were removed in the “low solids” treatment, thereby compromising the health of the nitrifying bacterial community. This hypothesis is supported by the lack of nitrate accumulation in this treatment. At NSU, the ability of probiotics to enhance the performance of sequencing batch reactors (SBR) was evaluated (Task 3.1.1.1.4). The rate of chemical oxygen demand (COD) removal from RAS waste increased with increasing doses of probiotic. Even at low concentrations, probiotics may have a potential role to play in reducing dissolved organic material from RAS. 

Feed formulation, feed processing, and feed management have critical impacts on shrimp production. TALR continued to assess the use of biofloc as a potential shrimp feed additive (Task 3.1.1.2.2). During the reporting period, two experiments were conducted to evaluate biofloc. In the first experiment, a base diet (containing 8% fish meal and 30% squid meal) was compared to a biofloc diet (containing 8% biofloc and 30% squid meal). Shrimp growth, survival, and FCR were similar between the two diets. In the second experiment, two methods to produce biofloc were compared against a base diet without biofloc.  Biofloc was produced using a Sequencing Batch Reactor or a Membrane Biological Reactor. Growth was significantly greater in those shrimp receiving biofloc diets than those receiving the base diet without biofloc. These results indicate that biofloc can serve as an effective replacement for fish meal and/or soybean meal in shrimp diets. In addition to their work on biofloc, TALR also evaluated the dietary methionine requirement for juvenile L. vannamei (Task 3.1.2.1). During the reporting period, two experiments were conducted. In the first experiment, dose-response diets containing covalently-bound methionine were evaluated. In the second experiment, dose-response diets containing crystalline methionine were evaluated. Results indicate that the dietary requirement for methionine ranges from 0.45% to 0.66%.

In an effort to develop a bait shrimp industry in the U.S., TALR established an F1 generation of SPF Litopenaeus setiferus that originated from the Gulf of Mexico (Task 3.2.1). This population will supplement the domesticated L. setiferus population originally developed by SCDNR. 

