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Abstract

Within the oyster farming industry, floating bag cultivation devices have grown popular
due to their ease of access for growers and ample phytoplankton availability near the water
surface for oyster consumption. Birds tend to roost on these bags and their associated flotation
devices, defecating in the adjacent water. Bird guano yields health concerns for the oysters,
which are commonly consumed raw on the half-shell. There is clearly a critical need for an
effective bird deterrent system for floating bag mariculture. Rather than introduce an additive
deterrent system that increases farms’ operational costs, a new oyster bag with an incorporated
deterrent system was proposed and designed. Due to a careful modification of the bag and
floatation devices, the new floating bag is submerged just beneath the surface of the water,
thereby decreasing the available surface area for bird roosting while preserving the benefits of
floating bag mariculture. Although the testing process was subject to significant constraints, the
design has the potential to function as an effective bird deterrent system. With proper
implementation, the new floating bag could diminish a potential health hazard and threat to the
budding industry for the benefit of coastal communities. Further exploration of this topic is
recommended to explore streamlining the manufacturing process in an attempt to make the
device more accessible to growers, both in cost and time.
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1. Introduction

Oyster mariculture is a growing industry in North Carolina; the state, for example, has
recently been branded as the “Napa Valley” of oysters. This industry is poised to become very
lucrative for the state, specifically for economically distressed counties along the coast as
determined by the North Carolina Department of Commerce (Fodrie et al., 2018). Shellfish also
typically require less energy inputs and are therefore considered more environmentally friendly
to cultivate than terrestrial meat sources. They are fed by the ocean water and can often be
cultivated by hand without the use of heavy machinery.

Floating bag cultivation devices have become a popular option for growing oysters; an
industry representative bag can be seen in figure 1. The systems are composed of two main
components: a crate or mesh-like bag in which the oysters grow and floats to keep the bag near
the surface of the water. The bags can be deployed in water as shallow as waist-deep; this
provides plenty of phytoplankton for the oysters and ease of access for the growers, who flip the
bags periodically to expose the surface area to the air and therefore eliminate any buildup of
biofouling resulting from the accumulation of algae and other small organisms. The viewshed,
however, can be affected by the presence of these bags; since the operations are often within
view of waterfront property, the devices must be carefully designed to avoid becoming an
eyesore (Rheault, 2021).

Figure 1: Industry representative homemade floating oyster bag.

An emerging issue in the oyster farming industry are birds roosting on the bags and
floats. Birds actively prefer the floating bag cultivation devices for roosting as they offer relief
from potential predators. However, as the birds roost, they defecate and can contaminate the
water surrounding the growing oysters with their guano. The oysters may then uptake pathogenic
bacteria in the guano while filter feeding. This is an especially pertinent health hazard for
humans as oysters are often consumed raw on the half-shell. Regulatory authorities are already
recognizing the issue; as of 2022, the North Carolina Department of Environmental Quality
requires an annual bird mitigation plan for all aquaculture operations permits (NCDEQ, 2022).
As a growing industry, and one already vulnerable to complaints from citizens living near the
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operations because of their appearance, the oyster farming industry needs to appropriately
address these health concerns. An effective system to deter birds is therefore needed for the
floating bag cultivation devices that simultaneously protects oyster, bird, and grower health
(Rheault, 2021).

Many bird deterrent systems have already been developed, both for mariculture and
agriculture purposes. A study in New Brunswick, Canada on different methods of deterring birds
from floating oyster bags concluded that sinking the bags at a depth of six centimeters below the
water surface while the floats remain at the surface of the water was an effective deterrent; the
reduced surface area available for birds to roost significantly prevented their landing (Mallet et
al., 2009). The instability provided by loose ropes tying the floats and bags, combined with the
natural water movement, worked as a supplementally effective deterrent. However, this method
does not permit the necessary periodic flipping of the bags previously mentioned, which is
critical to prevent the biofouling that can cause structural degradation of the bag. In this case, the
loose ropes could not hold the bag above the water to allow it to dry.

The flipping of the bags clearly emerges as the main roadblock for most of the existing
bird deterrent methods for floating bag cultivation devices. Wind-powered horizontal spinning
devices have been implemented that do not allow the birds to land, but they are costly to attach
to each individual bag and often difficult the flipping process (Barnes, 2019). In addition, they
are only effective during conditions in which the wind is strong enough to keep the blades
spinning. Bird coils, or wire coiled around the floats, have also been used to some success; the
birds are deterred by the wire, but again, the coiled addition can complicate the flipping process
(Barnes, 2019).

The traditional bird deterrent, spikes, cannot be implemented in the case of floating bag
mariculture out of concern for grower handling. Zip ties have been used as a safer stand-in but
are easily avoided by birds and yield concerns of additional plastic waste in the water (Barnes,
2019). Cannons and other noisy methods cannot be used in the traditional sense out of respect
and safety concerns for growers and other property owners around the farm (Clarke, 2004). A
relatively new bird deterrent, bird gel, has been of interest. The gel, which is known as Bird
Free™, contains pyranine which is excited by ultraviolet light and appears to glow, like fire, to
birds only; humans cannot see the ultraviolet fluorescence. The gel is also sticky and emits a
peppermint odor, both of which are deterrents to birds (Bird Free, 2021). However, this device is
expensive and already patented, which may restrict its accessibility to growers. There is also
concern that the runoff from the gel could be an irritant to oysters or humans; it is unreasonable
to combat one potential health hazard with another.

Overall, a device that effectively deters birds while accounting for various safeties has yet
to be developed. Many confounding factors such as rapid bird habituation, the cost of an additive
deterrent system, and the incorporation of the flipping process have led to the proposed
innovation of a new bag that is less hospitable to birds. This project seeks to design an
incorporated bird deterrent system in a new floating bag cultivation device and test its
effectiveness compared to existing bags. The design project will meet the following criteria:
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1. Safety - The design will not introduce any obvious sources of harm to oysters,
birds, and growers.

2. Functional - The design will act as an effective bird deterrent while not inhibiting
grower use.

3. Maintenance - The design will not require excessive maintenance beyond the
scope of routine maintenance performed on existing industry representative bags.

4. Aesthetics - The design will not cause an additional nuisance within the viewshed;
if possible, the design will reduce the visual blight of existing floating bag
cultivation devices.

5. Longevity - The device will not be something to which birds can easily habituate.
That is, the device effectively deters birds for the duration of its product lifespan.

2. Materials and Methods

2.1 Preliminary Research

2.1.1 Cost Analysis

A cost analysis was necessary to inform the choice of bird deterrent system and
determine the price needed for a bird deterrent system to be competitive in the existing market.
Existing oyster bags typically range in price from $20 to $45; many are homemade by the grower
themselves (Atlantic Aquaculture, 2021; Dr. James Morris, NOAA, personal communication, 29
October 2021). Commercial bags can be as much as $250, though they tend to yield a higher
quantity of oysters (OysterGro, 2022; Zapco Aquaculture, 2021). Table 1 shows the cost per bag
for notable deterrent systems. Some of these existing deterrent systems include zip ties, bird
coils, bird deflectors, whirligigs, and Bird Free™ gel; these range in price per bag as noted in
table 1.

Estimates of bag size and spacing were made using approximations from Morris Family
Shellfish Farms and the industry representative bag (18” by 34.5”) shown in figure 1. Per bag
costs of existing deterrent systems were then calculated depending on the range of effectiveness
and how many bags were approximated to be in that range. It is important to note that installation
times could also vary depending on the size of the oyster farm; with thousands of bags, the
indirect labor and maintenance costs could be significant for some of these deterrent systems.
The calculated price per bag for the bird deflector is based on the manufacturer's reported 50’
radius of effectiveness; this effectiveness is questionable and the price per bag is therefore a
liberal estimate.

Table 1. A cost analysis of existing and potential bird deterrent systems for floating bag
mariculture.

Deterrent System Initial Cost ($) Applicable Range Price per Bag ($)
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Zip ties (4” spacing)1 13.99 for 500 36 zip ties per bag 1.01

Bird deflectors2 49.95 275 bags 0.18

Bird coil (25 ft)1 77.07 ~4.35 bags 17.72

Repeller 360 (whirligig)2 49.99 1 bag 49.99

Bird Free™3 52.00 1 bag 52.00

As can be seen in the cost analysis, there are three general options for bird deterrent
systems. First, a bird deterrent system can be incorporated into floating bag mariculture on a
per-bag basis; each floating bag cultivation device would have its own bird deterrent system. In
table 1, zip ties, bird coils, whirligigs, and Bird Free™ are considered bird deterrent systems
incorporated on a per-bag basis. The second option for bird deterrent systems is a bird deterrent
system incorporated into the floating bag on a multi-bag basis. In this case, a single system deters
birds from more than one bag. In table 1, the bird deflector is an example of a bird deterrent
system that functions on a multi-bag basis. The final option for a bird deterrent system is a
redesign of the floating bag cultivation device itself. Instead of incorporating a bird deterrent
system on a per-bag or multi-bag basis, the bird deterrent system is built into the bag. This option
is not shown in the cost analysis because it has not been extensively used in the industry.

The results of the cost analysis informed the ultimate choice for the bird deterrent system.
The bird deterrent systems that are incorporated on a per-bag basis range from $1.01 to $52.00
per bag. With many farms having thousands of bags, even a low cost per bag represents a great
expense to the individual grower. In addition, this cost per bag does not account for indirect costs
such as labor. It could take hundreds of hours for a worker to install these per-bag bird deterrent
systems on the thousands of bags at an individual farm. This adds up to a significant labor cost,
making this type of bird deterrent system uncompetitive. There is also a potential for such
devices to interfere with the flipping process. Growers periodically flip their bags to expose a
portion to the atmosphere and mitigate biofouling. Since this is usually a process done by hand, it
is important that the bird deterrent system not interfere with the process or harm the grower.

Some of these issues are dispelled by using a bird deterrent system that is incorporated on
a multi-bag basis. Since they deter birds from multiple bags at once, their cost per bag is
relatively low at $0.18 for the bird deflector. Labor costs would also likely be lower since there is
only a need for one installation of a bird deterrent system per multiple bags. Additionally, bird
deterrent systems incorporated on a multi-bag basis would likely avoid interfering with the
flipping process due to their average distance from the grower. However, the devices already on
the market have not been extensively tested, and their effectiveness is questioned. If such a
device were unable to deter birds from the number of bags for which it advertises, the cost per
bag would significantly increase, making it an uncompetitive and unreliable option for a bird
deterrent system.
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Ultimately, the best choice for the design of a bird deterrent system is to redesign the
floating bag cultivation device itself. To be a competitive solution, the redesign must be sold at a
price similar to bags currently on the market. The redesign is also a good option because growers
can incorporate it into their farms as needed. As their current bags reach the end of their lifespan,
growers can simply choose the redesigned bag in place of any other option. If the growers prefer
to make the bag on their own, as many currently do in the industry, the design could be sold as a
kit of materials at a reduced price.

2.1.2 Interviews of Stakeholders

Interviews with stakeholders revealed a wealth of information to inform the design
process. Ornithologists Dr. Ted Simons from NCSU and Dr. Raymond Danner from the
University of North Carolina Wilmington (UNCW) detailed how birds habituate to different
stimuli. Birds tend to become complacent regarding different aural and visual stressors. Even
tactile stressors can often be adapted to by birds. The final design must take into account this
tendency of birds to habituate to different sensory stressors and withstand such abilities. Dr.
Simons and Dr. Danner also discussed the foraging and roosting behaviors of tidal birds. In low
tide conditions, food sources are exposed along the shoreline, and birds are more likely to be
foraging. In high tide conditions, birds are conversely more likely to roost. The ultimate design
must function optimally in these high tide conditions when birds might be more likely to be
roosting on the floating bag mariculture devices. Birds also follow seasonal migratory patterns
and may only pose a problem to growers during certain seasons. The final design should
therefore function effectively in such seasons while not interfering excessively with handling,
especially in seasons when bird deterrence is not a concern. Finally, there are legal
considerations to take into consideration. Many birds that roost on floating bag cultivation
devices could be members of legally protected species. The final design must not pose an active
threat to such birds. For these reasons, a redesigned floating cultivation device again emerges as
the optimal solution.

Oyster grower Dr. James Morris of Morris Family Shellfish Farms similarly presented
insights for the design process. At his family’s shellfish farm, Dr. Morris showed a bird deterrent
system that had been developed by Zapco Aquaculture for use on a per-bag basis. The device
made use of visual and tactile stressors to deter birds from roosting on floating bag mariculture
devices. The rubbery device projected a few inches from the bag and could be fitted with a
ribbon to deter birds. Ultimately, birds were observed roosting beside such devices, proving that
bird habituation is an important constraint for the final design. Dr. Morris also revealed insights
from a grower’s perspective. He discussed how much of a concern bird roosting is in the
industry, and what measures have already been taken to mitigate the issue. For example, growers
are now required to submit a bird deterrence plan when leasing new sites in North Carolina for
mariculture. A bird deterrent system developed as a result of this project may fit into such a plan.
It is notable that Dr. Morris did not express dissatisfaction with the existing bags themselves,

Page 8 of 19



indicating the need to preserve their features as much as possible while addressing the true
problem, bird roosting. In particular, the ease of accessibility for growers should be preserved.

2.2 Prototyping

2.2.1 Design Decisions

The redesigned bag incorporates a number of features to deter birds. First, the exposed
surface area of the bag is reduced. Birds are able to roost on current floating bag cultivation
devices because there is sufficient surface area above the surface of the water to support them.
Instead of actively trying to deter birds, the redesigned bag will be an inhospitable place for the
birds to land. The redesigned bag sits a few inches below the surface of the water, so there is less
area on which birds may roost. Floats still need to sit at the surface of the water to allow the bag
to be suspended in the water column, but they are aligned vertically to have less exposed surface
area at the surface of the water, and the surface area that is exposed meets in a point so that birds
are unable to sufficiently grip the float for landing.

The redesigned bag uses a rigid frame as a “cage” to encompass the mesh bag and
support the entire system in both the flipped and normal positions. No additional features were
added that would potentially interfere with the flipping process. The redesign could actually
alleviate issues with the viewshed by making the bag less of an eyesore, since less of the actual
bag will be visible at the surface of the water. The model of the final prototype is shown in
figures 2 and 3.

Figure 2. Computer model of the final prototype.
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Figure 3. Schematics with dimensions of the final prototype.

2.2.2 Calculations

Initial calculations to estimate the approximate volume of floatation devices necessary to
support the weight of the cage and bag system and the weight of 200 full grown oysters (i.e., the
number of mature oysters expected in the bag at time of harvest) were performed. The measured
weight of the prototype bag and cage system—7 pounds total—and the approximated weight for
the 200 mature oysters provided by Dr. James Morris (shellfish farm operator)—30
pounds—were used in the calculation. The buoyant force of the bag and cage system was
approximated by calculating the PVC volume of the cage system and assuming the displaced
volume of water by the mesh bag to be negligible; this gave the bag and cage system a buoyant
force of 48.2 pounds. The buoyant force of the oysters was found to be 872.7 pounds; this was
calculated from the average volume of a Crassostrea virginica oyster—61.95 cm3 (Damar et al.).
An approximate density value of 62 pounds per ft3 was used to represent the brackish water
present at the testing site and in areas where oysters are commonly grown. Using the resultant
force and Archimedes’ principle, as seen in figure 4, the necessary volume of the floats was
estimated to be 0.5 ft3. A larger float volume was required in practice to promote the stability of
the bag in the flipped position.
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Figure 4. Initial float volume calculations.

2.2.3 Materials

Table 2 shows the cost breakdown for a single finished prototype. Some items used in the
actual prototype were acquired for no cost from the resources made available to the authors.
Prices for these items were therefore evaluated using equivalent items sold in stores. The total
cost for an individual prototype bag is estimated to be $131.40.

Table 2. A budget analysis for an individual prototype bag.

Item Quantity Item Cost Total Cost

0.5” PVC pipe10 31.25 ft $0.52 $16.25

Marker Buoys5 4 $11.03 $44.12

3 way PVC connectors10 4 $1.70 $6.80

4 way PVC connectors10 8 $2.00 $16.00

PVC end caps10 4 $0.64 $2.56

Bungee Cord9 1 $4.48 $4.48

Longline Clips11 2 $1.25 $2.50

Blue Hooks11 1 $0.50 $0.50

Zip Ties10 45 $0.02 $0.90

Mesh7 20ft2 $6.46 $32.30
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Cones1 1 pack (4 cones) $4.99 $4.99

Total $131.40

2.2.4 Construction

The first step in the construction of the new oyster bag was cutting 20 individual pieces
of nominal ½” PVC pipe to build the cage that holds the mesh bag. Six 4” short vertical pipes,
six 19” wide pipes, four 36.5”  long pipes, and four additional 16.5” tall vertical pipes (used to
support the floats) composed the frame. The four 36.5” pipes were also cut in half to be able to
add a support in the middle of the length of the bag. PVC cutters were used to cut all of the
pieces of pipe. Connecting these pieces of pipe together were four 3-way PVC pipe fittings that
were used on the bottom corners and six 4-way PVC fittings connecting the top corners of the
frame and the supports in the middle. PVC primer and PVC glue were used to bind all the pieces
of pipe and fittings together.

The next step in the construction process was to cut the mesh and fit it into the frame.
The mesh was cut with scissors and folded into the bag shape; zip ties were then used to secure
the shape. Zip ties were also used to connect the mesh bag to the frame. Once the frame was
assembled, the floats were installed on four vertical pipes that were connected to one of the
4-way PVC fittings. The floats were 15” tall and 6.5” wide and were secured to the frame by
PVC caps. The floats are able to move up and down along the remaining length of the pipe. After
these pieces were put together, the cage and floats were spray painted black to allow them to
better blend into the water and thus alleviate the burden on the viewshed of nearby communities.

For extra protection on top of the floats, inverted cones were added to prevent bird
roosting on the reduced surface area of the floats. The cones are flimsy and cannot support the
weight of birds that may try to land on them. A bungee cord with an attached clip was used to
close the bag to contain the oysters. The ends of the bungee cord were attached to the frame
while the clip was hooked through the mesh on top of the bag. This is a typical closure system in
the industry, allowing the grower to easily unhook the bag when the oysters need to be harvested.
Ropes were also tied to the frame of the bag and attached to longline clips so the bag could be
installed at an oyster farm. A picture of the built design is shown in figure 5.
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Figure 5. Final prototype of modified bag.

2.3 Testing

2.3.1 Site Description

Initial data on bird trends and final data on deterrence effectiveness were collected at
Morris Family Shellfish Farms. Morris Family Shellfish Farms has over 16,000 oyster bags
across three sites; the study area used for this project is one of these three sites. The testing site is
representative of large scale commercial oyster farms. Figures 6 and 7 show the leased site in
Nelson Bay near Sea Level, North Carolina.

Figures 6 and 7. Two views of the study area in Nelson Bay, North Carolina as seen from
satellite imagery. Source: Google Maps.

2.3.2 Aquatic Bird Trends
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A Spartan HD GoCam (GC-Z4Gb2) camera was used to monitor bird activity in the fall
of 2021 before prototype testing occurred in the spring of 2022. The camera was placed in the
corner of the farm overlooking the bags (see figure 8) and took pictures every thirty minutes
from 8:00 a.m. to 8:00 p.m. The data was collected from September 29th, 2021 to November
13th, 2021, for a total of 1135 data points. The presence of birds was recorded. If there were no
birds, “None” was recorded. If there were birds at the farm, the birds were roughly counted and
grouped as the following: “Few” (fewer than ten birds), “Some” (ten to thirty birds), “Plenty”
(thirty to fifty birds), and “Covered” (greater than fifty birds). Weather conditions— wind speed
and temperature—were recorded to determine if any external factors affected the bird activity.
Weather data was retrieved from the North Carolina State Climate Office website using the
Michael J. Smith Field Airport station in Beaufort, North Carolina, the closest weather recording
station located 17.2 miles away from the study area.

Figure 8. A picture taken from the observation camera overlooking the study area of Morris
Family Shellfish Farms.

2.3.3 Deterrence Effectiveness

In order to test the deterrence effectiveness of the prototype, it was implemented in situ at
Nelson Bay in Sealevel, North Carolina at Morris Family Shellfish Farms. The bag was located
amongst existing industry-representative bags to gauge effectiveness compared to the existing
bags and to determine bird preference. The on-site camera previously described was used to
monitor the performance over the course of a week; data was collected from periodic
photographs and used for subsequent statistical analysis. Waders, thirty pounds of oyster shells,
and the on-site camera with the accompanying Spartan Camera smartphone application were
required for testing.

To test, the prototype—closed with thirty pounds of oyster shells inside—was installed
using a longline clip at Nelson Bay. One cluster of four bags was observed, which included the
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prototype bag and three existing bags. All bags were easily seen within the foreground of
photographs taken with the camera system. The data collection period for this testing regiment
was set to one week, with pictures taken between 7:00 a.m. and 7:00 p.m. Photographs were
taken at thirty minute intervals and uploaded to the Spartan Camera smartphone application for
remote viewing. The number of birds on each bag was recorded for the images collected.

2.3.4 Data Analysis

A data analysis procedure was planned to determine the relative effectiveness of the
prototype at deterring birds relative to the existing bags in situ at Nelson Bay. Statistical analysis
using the one way analysis of variance (ANOVA) test was planned to compare bird activity at the
prototype bag and the existing bags. Based on the resulting p-values, the null hypothesis
regarding bird activity on the prototype bag could be accepted or rejected (alpha = 0.05).

3. Results and Discussion

3.1 Testing

3.1.1 Baseline Testing

Baseline testing of aquatic bird trends were observed during the data collection process
previously described. In figure 9, the distribution of bird activity during the observation period is
shown. 80% of the time, no birds were observed roosting on the visible floating bag cultivation
devices. 18% of the time, only a few birds (i.e., less than ten) were observed. It is important to
note that timeline constraints of the project conflicted with bird migratory patterns. That is, birds
were beginning their seasonal migrations away from the testing farm during the period of
baseline testing. This may have affected the observed bird activities.

Figure 9. The distribution of bird activity observed during the data collection process.
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Figure 10 shows the distribution of wind speed and temperature versus bird activity.
Observed bird activity was associated with more limited ranges of wind speed. That is, birds did
not roost on the floating bag cultivation devices at the highest observed wind speeds. In the case
of temperature, observed bird activity was associated with warmer temperatures.

Figure 10. Wind speed and temperature versus bird activity observed during the data collection
process.

Analysis of bird behavioral trends informed the design process by providing a sample
range of environmental conditions the prototype must be able to withstand. Additionally, these
trends showed how environmental factors may affect the behavior of birds observed in
subsequent observation periods. When the prototype was later deployed among the existing
floating bag cultivation devices, this data could be used to normalize the new data for the
appropriate statistical analysis of the prototype’s effectiveness.

3.1.2 Prototype Testing

Bird activity was monitored while the prototype was deployed with the intention of
performing a statistical analysis to determine if the difference in bird activity between the
prototype and existing bags was statistically significant, and if so, to draw conclusions about the
effectiveness of the modified bag as a bird deterrent system. Unfortunately, due to timeline
constraints of the overall project and its conflict with bird migratory patterns, there was a lack of
birds during the testing period (April 7-18) that complicated this approach. Only one bird was
seen and recorded within the range of testing bags during the testing period, as seen in figure 11.
In addition to the migration patterns, prior analysis of bird behavior trends showed that the
weather conditions during the testing period were consistent with conditions associated with low
bird activity; the mean temperature and wind speed (66°F and 14 mph, respectively) were within
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the low bird activity range defined in the previous testing at the beginning of the migratory
season.

Figure 11. Bird activity observed during the testing period at Nelson Bay.

3.2 Discussion

This project, although the first of its kind in creating and testing a floating oyster bag
sunken near the water surface that can effectively be flipped to prevent biofouling, did operate
under limitations. This project designed and prototyped a new bag out of existing materials
which the average aquaculture grower would typically be able to access; if a more streamlined
and commercialized approach was taken to the same bag concept, the design could be further
refined so as to be more time effective and cheaper.

The existing prototype design demonstrates the feasibility of the prototype; the bag is
effectively sunk low enough in the water column to discourage bird roosting while still providing
the benefits of floating bag mariculture. Additionally, the important flipping process to eliminate
biofouling is maintained, with the prototype being stable and high enough above the water level
in the flipped position to expose all sides of the bag to the atmosphere. The bag also made
efficient use of materials readily available in most coastal communities; this could allow a
typical aquaculture grower to construct and implement this prototype if the grower deemed bird
roosting a significant issue on their farm. Even with all new materials, the cost of the prototype
falls squarely between typical homemade bags and commercial bags, making it a relatively
accessible option.

Potential long-term investments such as plastic molding technology for individual bags,
floats, or both could be investigated. Plastic molding was not used because this project did not
have access to these resources, but the technology could drastically reduce production time; if
plastic molded cages or floats were produced, growers could purchase them directly rather than
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spend valuable time constructing their own versions. Plastic molding technology could also
allow for floats that are hardly visible at the surface of the water, as they would be less dense
than the foam-style floats used in the prototype and would thus require less volume to support
the same amount of weight. The impact on the viewshed could be further reduced if the inverted
cones were spray painted black. In this case, they could not be spray painted due to project
constraints, but the option poses a potential solution to the visual blight.

This bag also has the opportunity to increase the amount of oysters harvested per bag; the
current industry standard holds 150-250 oysters per bag, but compartments could be added below
to create a multi-bag structure with multiple pockets for oysters. Water flow and nutrient
considerations would need to be accounted for, as well as upsizing the floats for additional
weight, but the submerged bag position allows more freedom in this area than the traditional bag
floating at the water level.

Future engagement with this concept could incorporate several refinements in terms of
testing and design to further improve accessibility. More extensive testing of the existing or
similar prototype could be performed to validate the presumed effectiveness of the bag as a bird
deterrent system; this could include testing during more ideal time periods in the bird migration
season and for longer periods of time, possibly with more extensive video monitoring as
compared to the previously performed photo monitoring. Testing across multiple farms of
varying scale in different locations could also provide a better understanding of the deterrence
effectiveness.

4. Conclusions

In the oyster farming industry, floating bag mariculture is faced with the problem of birds
roosting on the bags and their associated floatation devices. Although this form of mariculture is
relatively convenient for growers, roosting birds defecate in the water, which is a potential health
hazard for humans as oysters are commonly consumed raw on the half-shell. A prototype bag
was designed and constructed to passively deter birds by providing a less hospitable environment
for roosting; the bag is sunk beneath the surface of the water so only a small surface area of
vertical floats protrudes from the surface of the water, and the bag can still be flipped to prevent
biofouling. If adopted by growers, this bag could be a lasting solution to the issue of bird
roosting and bird habituation to floating mariculture bags, fitting within the new North Carolina
legal framework of applications for aquaculture operations. The use of the newly-designed bag
could increase grower accessibility to the shellfish mariculture industry, providing jobs and
additional income for people in economically distressed coastal communities. This product also
has the opportunity to advance the role of aquatic based meat sources, providing a protein source
with significantly less energy inputs than terrestrial meat sources. At its core, this bag promotes
consumer health by lessening concerns about meat safety due to unsanitary water as well as
promoting bird safety by avoiding an active and potentially harmful deterrence system.

Page 18 of 19



5. References

Atlantic Aquaculture Supply. (2021). Retrieved October 19, 2021, from
https://www.atlanticaquaculture.com/

Barnes, D. (2019). “Bird Congregations on Floating Aquaculture Gear: Public Health Issues in
New York State.”

Bird Free. (2021). Retrieved October 19, 2021, from https://bird-free.com/
Clarke, T.L. (2004). “An Autonomous Bird Deterrent System.”
Damar, S., Yagiz Y., Balaban, M.O., Ural, S., Oliveira, A.C.M., and C.A. Crapo (2006).

“Prediction of Oyster Volume and Weight Using Machine Vision.” Journal of Aquatic
Food Product Technology, 15(4). 3-15.

Fodrie, J., Peterson, C., Voss, C., and C. Baillie (2018). “North Carolina Strategic Plan for
Shellfish Mariculture: A Vision to 2030.”

Mallet, A.L., Carver, C.E., and M. Hardy (2009). “The effect of floating bag management
strategies on biofouling, oyster growth and biodeposition levels.” Aquaculture,
287. 315-323.

North Carolina Department of Environmental Quality (2022). “Aquaculture Operation Permit
Application.” Retrieved April 4, 2022 from https://deq.nc.gov/

OysterGro. (2022). Retrieved April 18, 2022, from https://www.oystergro.com/
Rheault, R (2021). “Notes on Bird Interactions with Shellfish Aquaculture Webinar.”
Zapco Aquaculture. (2021).  Retrieved October 19, 2021, from

https://www.zapcoaquaculture.com/

Table References
1. Amazon. (2022). Retrieved April 4, 2022, from https://www.amazon.com/
2. BirdBGone. (2022). Retrieved April 4, 2022, from https://www.birdbgone.com/
3. BirdControl. (2022). Retrieved April 4, 2022, from https://www.birdcontrol.uk.com/
4. PVC Pipe Supplies. (2022). Retrieved April 4, 2022, from https://pvcpipesupplies.com/
5. Seattle Marine & Fishing Supply (2022). Retrieved April 4, 2022, from

https://www.seamar.com/products
6. PVC Fittings Online. (2022). Retrieved April 4, 2022, from

https://www.pvcfittingsonline.com/
7. McMaster Carr. (2022). Retrieved April 4, 2022, from https://www.mcmaster.com/
8. Wayfair. (2022). Retrieved April 4, 2022, from https://wayfair.com/
9. Lowes. (2022). Retrieved April 4, 2022, from https://www.lowes.com/
10. Home Depot. (2022). Retrieved April 4, 2022, from https://www.homedepot.com/
11. Ketcham Supply Co (2022). Retrieved April 4, 2022, from https://ketchamsupply.com/

Page 19 of 19


