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Presenter
Presentation Notes
Today I would like to talk about some recent work conducted at the Waddell Mariculture Center, comparing the production of Pacific white shrimp, raised in a biofloc based system in a greenhouse to that under low light conditions in an insulated building, .  This work was made possible by support from the USMSFP, the SCDNR and the USDA.



Potential Benefits of Biofloc

Reduced water use
Greater biosecurity
Reduced capitalization 
cost
Flexibility in site 
selection

Presenter
Presentation Notes
Over the past decade, a great deal of marine shrimp culture research interest has been focused on production systems employing minimal exchange, super-intensive technology.  It has been suggested that this “biofloc” based approach may offer both environmental benefits and competitive advantages in the marketplace, by reducing water use, minimizing disease introductions, reducing capitalization costs and allowing farms to be located on sites away from coastal areas. 



Potential Benefits of Indoor 
Production

Reduced heating costs
Nov 11‐Feb 5, 3142 gallons of propane‐> $6619
29% of cost of production

Greater control over photoautotrophic microbial 
community

Presenter
Presentation Notes
If super-intensive, biofloc-based shrimp culture systems can be operated successfully in low light, insulated buildings as an alternative to greenhouse-based systems, there may be significant economic advantages in terms of reduced energy costs for heating.  During a growout trial in Waddell’s 235 m3 raceway from mid November through early February of 2009, 3142 gallons of propane were used to maintain the raceway temperature, at a cost of $6619.  Since that time, the cost of propane has increased by about 39%.  Another potential benefit may be increased system stability in the absence of algae.  At Waddell, we have seen total chl levels reach 2100 µg/L, and when an algal biomass such as that crashes, the results can be catastrophic.  We saw this in the summer of 2009.  



Experimental System
Greenhouse System Indoor System
Steel framed, polyethylene 
film covering
30.5 m², EPDM lined 
raceways, 72 cm water depth
Full natural lighting

Steel “quonset” style building, 
insulated, unheated
6.1 m diameter, 29.2 m² 
fiberglass tanks, 75 cm depth
Two 500 W halogen lights 

Presenter
Presentation Notes
To compare the production and potential heating benefits of an indoor culture system to a greenhouse system, three 6.1 m diameter tanks were established as “dark” systems within an unheated, foam-insulated quonset style steel building.  The building was lit continuously by reflected halogen lighting only sufficient to permit safe access by staff.  Three rectangular tanks housed within a clear plastic greenhouse were used for the “light” treatment.  All tanks were filled to equal volumes of 22 m3 . 



Experimental System

Both systems:
Zero exchange, no solids removal
Culture tanks seeded with established biofloc
water
Air supplied by regenerative blowers and 
aluminum oxide airstones
Heat supplied by 6ooo watt immersion heaters

Presenter
Presentation Notes
All systems were operated as zero exchange biofloc systems, with no solids removal.  Culture tanks were seeded with established biofloc water, and the salinity was then adjusted to 27 ppt.   Aeration was supplied by regenerative blowers.  This study was conducted from January through early May.  Individual tanks were therfore heated with 6000 W immersion style heaters.  Electricity use by heaters was monitored throughout the study.



Stocking
Stocking date January 11, 2011
Initial size, 1.87 g
Stocked by weight
7120 shrimp/tank 324 shrimp/m³

Presenter
Presentation Notes
All tanks were stocked by weight on January 11, 2011.  Initial size at stocking was 1.87 g.  Because the nursery tank was located in the greenhouse, shrimp for the dark tanks were transported in a live haul tank equipped with fine pore oxygen diffusers.  In an effort to minimize differences in stocking methods, shrimp stocked into the light tanks were first moved into a plastic tank.  In this way, shrimp for both the light and dark tanks were handled twice.  Shrimp were stocked at a rate of 7120/tank, or 324/m3.



Husbandry

Fed Zeigler Shrimp Grower HI  35%, 3 times daily
DO, temperature, salinity and pH measured twice 
daily
NH3‐N, NO2‐N, NO3‐N, PO4, alkalinity, turbidity, 
TSS, VSS, total chlorophyll and chlorophyll a
weekly
Sampled weekly up to week 5, and then biweekly 
thereafter.

Presenter
Presentation Notes
Shrimp were fed Zeigler Shrimp Grower HI 35% protein feed three times a day.  DO, temperature, salinity and pH were measured twice daily.  NH3-N etc. were measured weekly.  Sodium bicarbonate was added as needed to maintain alkalinity.  Shrimp were sampled weekly up to week 5, and biweekly thereafter.  All the tanks were harvested after 16 weeks.



Daily Water Quality
T (⁰C) DO 

(mg/L)
pH Salinity 

(ppt)
Light Treatment       
Min

24.46 3.59 6.54 25.36

Max
31.46 6.76 7.99 32.91

Mean 28.23 4.90 7.36 27.44

Dark Treatment       
Min

25.2 3.36 6.54 24.81

Max
29.65 6.61 7.99 32.75

Mean 28.33 4.97 7.35 27.09

Presenter
Presentation Notes
Daily WQ measurements were remarkably similar between tanks and treatments. This table shows the lowest recorded DO reading, but we did experience a power outage, which resulted in very low dissolved oxygen, and some shrimp mortality.  Mortality could only be estimated, but appeared to be greater in the dark tanks than in the light tanks. 



Nitrogen Cycling
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Presentation Notes
Dextrose was added once shortly after stocking to reduce ammonia and nitrite, which were beginning to spike.  After this initial spike, however, ammonia and nitrite remained fairly low and stable, with the exception of one elevated measurement at the end of February.  Nitrate accumulated within the system as the study progressed, and reached about 260 mg/L.  Alkalinity generally decreased as the study progressed, despite regular additions of sodium bicarbonate.



Solids
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Presentation Notes
Because no effort was made to crop solids, turbidity, total suspended solids, and volatile suspended solids generally increased as the study progressed, and were higher in the light treatment.  By the end of the study, mean TSS in the light treatment had risen to over 800 mg/L.  This high level of solids made it difficult to maintain DO above 5 mg/L.



Surface 66‐cm depth

Light     RW3 64.1 ± 9.5 0.00046 ± 0.00027

RW4  67.7 ± 7.8 0.00052 ± 0.00022

RW5 73.8 ± 7.8 0.00081 ± 0.00045

Mean 68.6 ± 8.7 0.00060 ± 0.00034

Dark     Tank 1 0.0132 ±.0037 0.00052 ± 0.00035

Tank 2 0.0199 ± .0048 0.00030 ± 0.00010

Tank 3 0.0025 ± .0004 0.00030 ± 0.00030

Mean 0.0119 ± 0.0081 0.00040 ± 0.00030

Photosynthetically Active Radiation
(PAR) 400‐700 nm

in µmol s‐1 m‐2

Presenter
Presentation Notes
On May 2, PAR was measured in all of the tanks using a Li-Cor  Li1400 Datalogger.  Measurements were taken both at the surface of the water, and near the bottom.  Mean PAR in the light treatment was 68.6 micromoles per s per m2 at the surface, and about 0.01 in the dark treatment  Essentially all of the PAR was attenuated at the bottom of the tanks in all tanks.  The conversion from PPF (μmol m-2 s-1) to Lux varies under different light sources.  For example, to convert from PAR to lux for sunlight, a conversion factor of 54 is used, whereas the conversion factor for HPS lamp is 82. 



Chlorophyll
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Total chlorophyll in the light tanks tended to increase up until March 1, and then trended downward before stabilizing between 200 and 250 micrograms per liter.  This decrease in total chlorophyll corresponded to the time when TSS reached, and then exceeded 500 mg/L, suggesting a shading effect by the high solids load within the system.  By the beginning of April (week 12), the light tanks had become fairly uniformly and consistently mixotrophic.  Total chlorophyll measured in the dark tanks generally ranged from 0 to 11 µg/L, with the highest level of 22 measured on March 29. 



Respiration and GPP
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Presentation Notes
On April 4, Respiration rate and Gross Primary Production were determined using triplicate samples for each of the culture tanks.  Mean respiration ranged from 0.91-1.05 mg O2 per hour, but no significant differences were found between tanks or treatments.  Mean GPP ranged from 0.05-0.08 mg O2 per liter in the dark tanks, and 0.32-0.55 mg O2/L in the light tanks.  GPP was significantly lower in the dark tanks than in the light tanks.  In addition, GPP in light tank3 was significantly greater than in any of the other tanks.  That raceway is the western-most tank.(Light - Initial) = (10 - 8) = 2 mg/L/hr = (GPP - R) = NPP (Initial - Dark) = (8 - 5) = 3 mg/L/hr = Respiration (Light - Dark) = (10 - 5) = 5 mg/L/hr = (NPP + R) = GPP 



Production Parameters
Survival Mean Weight 

(g)
Production 
(kg/m³)

FCR

Light 77.0  ± 10.9a 14.1 ± 0.3b 3.33  ± 0.14c 1.93 ± 0.1d

Dark 73.2 ± 1.5a 13.6 ± 1.2b 3.36  ± 0.25c 1.91 ± 0.17d

Range 68.7 – 89.4 12.6 – 14.9 3.15 ‐ 3.64 1.73 – 2.07

Mean ± SD

No significant differences in mean survival, harvest 
weight, production or FCR at P<0.05.
Survival was significantly more variable in the dark 
treatment (P=0.019).
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Presentation Notes
Here you see mean values for the different production parameters that we measured.  No significant differences in survival, harvest weight, total production or FCR were found between treatments.  Survival ranged from 68.7 to 89.4.  Mean weight at harvest ranged from 12.6-14.9 g.  Production ranged from 3.15-3.64 kg/m3, and FCR ranged from 1.73-2.07.  Survival was found to be significantly more variable in the dark treatment than in the light treatment.



Shrimp Growth
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Ranged from 1.3 to 
0.35 g/week

Presenter
Presentation Notes
Shrimp growth rate fluctuated over the course of the study, ranging from 1.3 g/week to 0.35 g/week, but generally trended downward over time.  Mean growth rate in the light tanks was 0.76 g/week, and 0.73 g/week in the dark tanks.  There was no significant difference found.  



Heating Costs

Total kW‐h Heating 
expense 
per tank

kW‐h (m³)‐1 Heating 
expense 
(m³)‐1

Heating 
expense 
(m³)‐1 day‐1

Light 8758.6 $942 398.1 $42.82 $0.404

Dark 7977.8 $858 362.6 $39.00 $0.368

Savings 780.8 $84 35.5 $3.82 $0.036

(Electricity at $0.1075/kW‐h)

8.9% reduction in heating costs

Presenter
Presentation Notes
Now I would like to move on to the suggested savings in heating costs by producing shrimp in an insulated building.  Mean kW-h required to maintain the heat in this study was 8758 in the greenhouse systems and 7978 in the insulated building, which translates to $942 for the light tanks, and $858 for the dark tanks, or $42.82 per m3 and $39, respectively.  This was an 8.9% reduction in heating cost. Savings in heating expense for the insulated building was $0.036 per cubic meter per day.  It should be noted, however, that this building is quite drafty, and has a drainage trough open to the outside.



Scaling Up

Construction 
cost

Cost of 10 year 
loan at 7% 

Steel building 
(insulated)

$38,601 $53,783

Greenhouse  $20,014 $27,866

Difference $18,587 $25,917

Commercial scale 235 m³ raceway  (1400‐1880 kg of production)

Heating savings in 235 m³ raceway 210 days X 0.036 = $1777
Years to recoup extra owner investment  $18,587/$1777=10.5 years
Years to recoup extra investment with loan $25,917/$1777= 14.6 years

Presenter
Presentation Notes
OK, so what do these savings in heating mean.  This is best answered by scaling up our production system.  Our 235 m3 raceway at Waddell is housed in a 30’ by 145’ greenhouse structure, which cost about $20,014 to construct.  A similarly sized steel building with R13 insulation all around would cost about $38,600, an increase of $18,587.  We can calculate the expected savings in heating costs in that system based on the number of days of heating multiplied by the average daily heating savings multiplied by 235 m3, and come up with a figure of $1777 per year.  Given the extra capital investment for the insulated building, it would take 10.5 years for an owner to recoup his own investment, and 14.6 years to recoup the extra expense assuming a 10 year loan at 7% interest.



Additional Considerations

Space may need to be conditioned to remove 
moisture 
Cooling in the summer
Improved oxygen delivery
Greater lighting efficiency to reduce cost and 
improve working conditions
Greenhouse plastic must be replaced

Presenter
Presentation Notes
Some additional things need to be considered to further investigate the feasibility of shrimp culture in an insulated building instead of a greenhouse structure.  Firstly, we noticed that the building became extremely humid, to the point where mold grew on many surfaces.  Whether conditioning the space to remove moisture would be beneficial needs to be investigated.  In the southeast, cooling a greenhouse in the warm months requires substantial energy.  The cost of cooling the insulated building during the summer is unknown. Improved oxygen delivery systems could reduce heating costs by reducing the volume of cold outside air introduced into the building. More efficiency in lighting will be necessary to reduce costs and improve working conditions.  Finally, the greenhouse plastic must be replaced about every 5 years, and is susceptible to storm damage. 



Conclusion
Water quality parameters were remarkably similar among all tanks 
from both treatments.
No differences in suspended microbial respiration rates among all six 
tanks, but photosynthetic rates were significantly higher in the “light” 
systems than in the “dark” tanks.
No differences between the greenhouse‐based “light” systems and the 
building‐based “dark” systems with regard to mean growth rate, 
harvest size, total production, survival, or FCR, although survival was 
significantly more variable in the dark treatment.
Production , with respect to survival, did not appear to be more stable, 
or consistent, in the absence of algae.
Heating costs were reduced by 8.9% with production in an insulated 
building.
Improved engineering could further reduce heating costs.  This will be 
necessary to offset increased cost of construction.



Thank You



Why such poor growth?  

adjusted R² = 0.604
P < 0.001
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We found no significant difference in growth rate between treatments, but we were curious why the growth rate was so low.  Dr. Leffler has already told you about the nitrate study that we did last summer, and raised the question of whether a threshold of about 400 mg/L needs to be reached before we see an effect on growth.  The nitrate levels in this study never got that high.  In a study conducted at Waddell a couple of years ago, we found no relationship between level of solids and shrimp growth, but solids in that study generally remained below 500 mg/L.  



Regression, Conf. & Pred.
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growth rate = -8.938 + (1.318 * mean ph) 
R²=0.495, P<0.001

growth rate = 1.410 - (0.00172 * TSS)
R²=0.435, P<0.001

Multiple Linear Regression
growth rate = -6.372 + (0.996 * mean ph) - (0.000518 * TSS) 
Adj R² = 0.471, P<0.001
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The level of solids in the current study surpassed 500 mg/L.  A linear regression showed an significant inverse relationship between level of solids and growth rate, though the R2 value is a modest 0.435.  Here you see a plot of that regression line for the dark treatment.  Since there was also a noticeable decrease in pH over the course of the study, I wanted to see if there was any relationship between pH and growth rate.  A significant relationship was found between pH and growth rate.  As pH decreased, so did shrimp growth rate, in the dark tanks.  Similar relationships were found in the light treatment. A multiple linear regression using pH and TSS as the independent variables showed a significant rellationship, but also the presence of multicollinearity among the independent variables, suggesting that not all of the independent variables appear necessary.  More work will need to be done to try to determine the role of pH and solids on shrimp growth rate.
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