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Background:

Spat on shell (SOS) is the process of introducing eyed larvae into a tank containing a substrate,
usually aged, and cleaned oyster shell, for several days. The larvae undergo metamorphosis and
attach or set to the shells to become spat. The resulting “spat on shell” are then removed from the
tank and planted on the Bay bottom for grow-out. Billions of oysters in the form of SOS continue
to be planted in Maryland’s portion of the Chesapeake Bay to support public fishery,
aquaculture, and restoration projects. The actual process of creating the spat on shell is far from
being optimized and fully understood. For example, local production methods result in spat on
shell counts varying from having zero oysters per shell to over 50. The material costs of larvae
and shell to produce one million spat on shell is about $3,500 to $5,000 depending on the
producer and their operation!, so optimizing the setting process could save the grower upwards
of 20% in material costs.

In 2018, UMCES Horn Point Lab staff including Dr. Louis Plough and Alex Golding conducted
an applied research experiment that explored whether larvae set uniformly within the tank and if
not, was there a preferential setting location. Hatchery staff wanted to examine the setting
distribution both vertically and horizontally within the tank to determine if Horn Point’s shell
sampling techniques were an accurate representation of the spat on shell that gets planted as part
of the State’s restoration efforts. The experiment was conducted knowing that the results can
only be applied to Horn Point tanks and no other remote setting locations due to the variations in
tank set up. Due to the site-specific tank setup, not all parameters could be controlled but the
repetition of the experiment and collective mass of data was intended to offset or account for
these variations. Results showed that there was no significant difference in horizontal setting
within tanks but there was a significant difference in vertical setting distribution. Overall, larvae
set more on the bottom of the tank compared to the middle or top of the tank.

Opyster larvae tend to sink before they set, so achieving an even distribution of spat in a setting
tank is vital yet not easily achieved. Growers see a wide variability in setting efficiencies and
setting distribution, resulting in increased production costs and lower long-term oyster survival.
Due to the extreme variation in setting, the goal of this project was to identify and reduce the
variability of the oyster setting process and develop Best Management Practice (BMP) guidelines
for growers, by achieving a more uniform vertical setting distribution. Identifying a practice that
creates a more uniform standard of setting, would maximize survival and increase harvest rates
(food production) along with the added benefit of increased nutrient reduction / removal.

Methods/Project Design:

To fully understand spat distribution within a tank, staff needed to take samples evenly
throughout the tank once the larvae had set. The Maryland Seafood Cooperative (MDSC) has
four identical rectangular, 12x8x5 feet, setting tanks on the Ferry Cove property that when filled
can hold 15 cylindrical containers that each hold 12 bushels of shell. Each tank is equipped with
its own blower? and a bleed valve for aeration. For this experiment, sample bags of three shells
were placed on the top, middle, and bottom of each container of shell. Each bag had a label with
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2 Sweetwater Regenerative Blower, Model S31, 1/2HP



a series of numbers and letters that indicated exactly where it was placed within the tank. This set
of experiments examined how two different variables might manipulate the setting distribution.

The first variable was light and examined uncovered tanks versus covered tanks in which three
rounds of setting took place from the middle of June through the end of July. Two uncovered
tanks acted as the control, representing normal setting operations. Two covered tanks featured
tanks with a dense tarp to thoroughly eliminate all light during the three-day larval setting period.
This variable was chosen for two reasons, the first being some growers already cover their tanks
with a tarp to help eliminate biofouling within the tank, essentially saving on labor costs. The
second reason was in consideration of oyster biology and evolution. Oyster reefs are a benthic
habitat, so oyster larvae have evolved to “fall out of the water column.” One of the driving
factors behind this could be their eyespot®, which is a photoreceptor absorbing certain
wavelengths of light, assisting them in “swimming away” from light or towards the bottom of a
water column. By using tarps during the setting period, the absence of light may help mitigate
“diving” behavior seen in larvae when subjected to light (Wheeler et al., 2017).

The second variable tested was aeration. This variable examined how low aeration versus high
aeration affected setting distribution. This variable was also repeated for three rounds of setting
from early August to early September. Two tanks were set with “low” air, which was achieved
by turning the air from the blower as low as it could go while still maintaining an even
distribution of air on the surface of the tank. The other two tanks featured ‘“‘high” air which had
the air turned up as high as our blowers would allow, meaning the bleed valve was closed all the
way. This variable was chosen because aeration is essential to the setting process to ensure larvae
circulate throughout the tank and to maintain a high enough level of dissolved oxygen.

Results:
The statistical summary of results and graphs featured below are courtesy of Dr. Bible*.

Experiment 1: Covered vs. Uncovered

We assessed whether the average number of oysters per shell varied with treatment (covered vs.
uncovered) and depth within the tank (1 = top, 2 = middle, 3 = bottom) by using a linear mixed
effects model with treatment and vertical tank position as fixed effects and date (replicate
experiment) and tank as random effects.

Whether the tank was covered or uncovered did not affect the average number of oysters per
shell (F1,8=0.051, P =0.828) or the distribution of oysters with depth (no significant interaction;
F220=0.375, P =0.692). For both treatments, there was a significant difference in average oysters
per shell with depth (F2,20=24.988, P <0.0001). A post-hoc Tukey Kramer test revealed that
shells in the bottom of tanks (position 3) had significantly more oysters per shell than those in
middle positions (Z =3.611, P <0.001) or top positions (Z = 3.963, P <0.001) and there was no

3 When oyster larvae mature and undergo metamorphosis, they stop swimming and fall to the bottom of the water column to
attach to the shell. Mature oyster larvae also develop an “eyespot” which is sensitive to light pigmentation and helps orient them
in settlement. These patterns are consistent with what we saw during the setting trials with no manual intervention (e.g., acration).
4 Dr. Louis Plough (UMCES) was replaced by Dr. Jill Bible after he left for a position at the USDA. Dr. Jill Bible is the Chair
and Associate Professor of Environmental Science and Studies at Washington College who joined the Ferry Cove team at the
completion of the experiment to assist in analyzing the data from the 2025 experiment.



difference in the average number of oysters per shell between the top and middle level tank
positions (Z = 0.352, P = 0.934).

Covered vs. Uncovered: Average Oysters/Shell
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Fig. 1: Average number of oysters per shell (+ Stdev) at three different vertical positions in tanks
(1 = top, 2 = middle, and 3 = bottom) for both uncovered and covered treatments. There was no
difference between treatments at any vertical position, but the bottom position had more oysters
per shell than the other two positions. Shared letters above bars indicate no difference (Tukey
Kramer, P > 0.05).

Experiment 2: High vs. Low Aeration

We assessed whether the average number of oysters per shell varied with treatment (high vs. low
aeration) and depth within the tank (1 = top, 2 = middle, 3 = bottom) by using a linear mixed
effects model with treatment and vertical tank position as fixed effects and date (replicate
experiment) and tank as random effects. Whether the tank experienced high or low aeration did
not affect the overall average number of oysters per shell (Fis=1.465, P =0.261). However, the
level of aeration did affect the distribution of oysters with depth (significant interaction; F220=
7.350, P <0.01).

Because there was a significant interaction, we used Tukey-Kramer post-hoc tests to assess the
simple effects and determined that low aeration had significantly fewer oysters per shell than
high aeration in the bottom level of the tank (Z =-3.277, P <0.01). Within the low aeration
treatment, there were no differences in the average number of oysters per shell at different depths
(1vs2:P=0.663,1 vs.3: P=0.885, and 2 vs. 3: P =0.918). Whereas for the high aeration
treatment there were significantly more oysters per shell in the bottom of the tank than the top of



the tank (Z =4.867, P <0.0001) or middle of the tank (Z =4.087, P <0.0001). In the high
aeration treatment, there was no difference in average number of oysters per shell between the
top and middle tank positions (Z = 0.780, P = 0.715). These results indicate that the low aeration
treatment had an even vertical distribution of spat on shell.

Additionally, there was a trend (Z = 1.832, P = 0.067) for the low aeration treatment to have
more oysters per shell at the top tank position.

High vs. Low Aeration: Average oysters per shell
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Fig. 2: Average number of oysters per shell (+ Stdev) at three different vertical positions in tanks
(1 = top, 2 = middle, and 3 = bottom) for both low and high aeration treatments. Shared letters
above bars indicate treatments that did not differ (Tukey Kramer, P > 0.05).

Setting Efficiency:

Importantly, neither experiment showed a significant difference in setting efficiency> between
treatments. There was no difference in setting efficiency between covered and uncovered tanks
(T-test, P =0.89) and no difference in setting efficiency between high and low aeration tanks (T-
test, P = 0.38).

Horizontal Setting Distribution:

To assess whether there was a pattern in the horizontal setting distribution of oysters, we divided
the tanks into grids of rows and columns. For each experiment (1: Covered vs. Uncovered and 2:
High vs. Low Aeration), we used two separate two-way ANOV As with treatment and horizontal
position as factors to determine if there was a setting pattern by row or column. For all four
ANOVAs (row position for experiment 1, row position for experiment 2, column position for

3> The percentage of larvae that set on a shell.



experiment 1, and column position for experiment 2), there was no difference in average oysters
per shell with horizontal position (P > 0.05, Range of P-values: 0.435-0.893).

All statistics were performed in Excel or R (R Core Team 2023, version 4.2.3). Both graphs were
created in Excel.

Discussion/Implications:

Data collected from both variables offered insightful information. The most notable result
showed that low aeration did achieve the desired outcome of a more uniform vertical setting
distribution whereas high aeration did not result in any change to the setting distribution where
more larvae settle on the bottom of the tank. These results support previous literature that
examined the influence of simulated waves and turbulence in flow tanks on oyster larvae and
found calmer water can result in an even distribution of larvae in the water column (Fuchs et al.,
2015). It was also observed that strong turbulence can promote active diving from oyster larvae
stating that, “high-speed dives would be an effective means of delivering larvae to adult habitats”
(Fuchs et al., 2015). It is important to note that although larvae behavior has been studied and
modeled, mostly in laboratory settings, the Horn Point and Ferry Cove experiments are the first
to gather data on spat distribution in large-scale setting tanks. Additionally, this experiment
conducted at Ferry Cove, is the first to examine how manipulating variables within large-scale
remote setting systems might alter the vertical setting distribution.

When examining light, results showed no significant change to the setting distribution and
setting efficiency by modifying this variable. Both covered and uncovered tanks followed the
same pattern in distribution that was observed during the 2018 setting experiment at UMCES
with more spat at the bottom of the tanks. These results suggest that oyster larvae can move
downward without photic cues. Although this experimental trial did not achieve the desired
outcome, the data collected is still tremendously valuable. A benefit from this round of
experimentation did confirm that covering setting tanks with tarps dramatically reduces the
biofouling of tanks and in turn reduces labor for setters when cleaning tanks once emptied. While
some growers already utilize this practice, Ferry Cove will be conducting outreach urging more
growers to cover their tanks during setting to save on labor costs.

Starting with data from the 2018 Horn Point experiment (significantly more oysters settled at the
bottom of tanks), the same setting distribution pattern was observed in the high aeration tanks
and covered and uncovered tanks. In addition to the biological data on oyster larvae, this
collective data suggests this setting distribution pattern of a majority of larvae setting on the
bottom of tanks compared to the middle or top, may hold true for all large-scale remote setting
systems. After observing that low aeration was able to create an even distribution of spat with
depth, the next step would be to see if we can replicate the same results in another round of
aeration setting trials. In addition, since we can now confidently predict that the same setting
distribution pattern likely occurs across all large-scale remote setting systems, we should attempt
to replicate our results at an offsite location with a different tank set up. Evaluating other sites
could confirm patterns within the data that the treatments work across varying remote setting
systems and are not site specific. It should be noted that gathering data offsite brings new
logistical challenges, therefore the method of shell collection and number of replicates may look
different.



Also, although setting efficiency was not a statistic we initially planned to analyze in this study,
it is important to note if any of the variables we are manipulating influence the setting efficiency
in addition to setting distribution. For example, if a trial had achieved an even vertical setting
distribution but also greatly reduced the setting efficiency, a cost-benefit analysis would have to
be conducted. Otherwise, if an even distribution is achieved without a direct influence on setting
efficiency, then this helps increase profit for growers, long term survival of spat, and increase
harvest of adult oysters. On average, the trials examining light had a higher setting efficiency
than the trials examining aeration. It is our professional opinion that this is likely due to the light
trials taking place earlier in the summer when water quality is typically better than later in the
year when the aeration trials took place. While this is assumed to be the reason, it cannot be
confirmed unless the aeration trials are repeated, occurring earlier in the summer. It is also
important to state that the amount of larvae added to a tank might affect the average number of
spat per shell but not the setting distribution. The more larvae added to a tank, the higher the
number of spat per shell. This increase in spat per shell would still follow the expected setting
pattern. However, with low aeration the desired uniform vertical distribution would still be
achieved.

Lastly, the 2018 Horn Point experiment and both experimental trials at Ferry Cove showed no
pattern in the horizontal distribution of the spat. Therefore it is assumed that horizontal
settlement is randomly distributed and may hold true for all large-scale remote setting systems.

It should be noted that there were a few limiting factors that influenced this grant and could
impact future experiments. First, this experiment was meant to be conducted and completed in
2024. However, due to a year of extreme low salinity (4ppt) and poor water quality for the
portion of the Chesapeake Bay where Ferry Cove is located, there was low larvae production and
not enough consistent product available to successfully complete the experiment. We extended
the grant, and the 2025 hatchery production season proved successful, and we were able to
complete all six setting trials. Secondly, there was the occasional loss of experimental bags due
to the identification tag on the bag getting ripped off and without knowing where the
experimental bag was within the tank, the data from that bag becomes meaningless. This issue
was quickly addressed, and the tagging system was modified which resolved the issue. On
occasion, we lost a bag when they were loaded on the planting vessel. However the number of
bags missing compared to the amount of data gathered through all the replicates, is insubstantial
to influence the results.

Outreach:

The last portion of this project is the outreach to be conducted with the information gathered. As
mentioned previously, Ferry Cove would like to make growers aware of positive changes that
can be made to their remote setting systems to help increase production and profit. We have data
to prove that covering tanks does not negatively affect setting efficiencies but does decrease
biofouling to help save on labor costs. Most importantly, we have preliminary data showing that
low aeration caused a more uniform setting distribution. We will share this information with our
growers, but we will do so with the explanation that these conditions need to be ideally repeated
both at Ferry Cove and in other systems before being finalized as a Best Management Protocol.



The short-term outreach plan is to create an educational poster about the experiment and its
results to share at the 51st Annual Watermen’s Association Trade Expo in Ocean City, Maryland
in January 2026. Ferry Cove will also conduct outreach directly with its growers and through
social media. We have applied for another Harry R. Hughes Center for Argo-Ecology grant to
continue to expand upon large scale setting experiments in 2026. Ideally, if we receive this grant,
our long term plan will be to present and publish Best Management Protocols for optimal setting
to all producers in the region through various distribution tools including the State’s Aquaculture
Coordinating Council, shellfish and aquaculture conferences, East Coast Shellfish Growers
Association email list and social media posts. Ferry Cove will also look to present cumulative
findings from the 2025 and 2026 experiments at appropriate conferences in Spring 2027, such as
the 119th National Shellfisheries Association Meeting in Baltimore, Maryland. Lastly, we plan
to publish results in a peer reviewed publication.
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