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Abstract

Off-bottom cultivation of oystersCrassostrea virginica, is increasing in the Gulf of
Mexico. The warm ambient air and water temperattoesd in the Gulf of Mexico, coupled
with the target market for off-bottom cultivatedstgrs for live raw consumption, raise concerns
about the potential infections by human health @geéns Vibrio parahaemolyticus andV.
vulnificus. Regular practices associated with off-bottontication, such as desiccation, expose
oysters to ambient air to eliminate bio-fouling ard also known to increase th&skrio spp.
levels in oysters. Along with cultivation methodsirg introduced in the Gulf of Mexico, the use
of triploid oysters is becoming increasingly populkriploid oysters are used a majority of the
time in off-bottom cultivation due to their stetylj which results in rapid growth and high
summer meat quality. Research also suggests #n#édchk of gonad tissue may correlate with
lower Vibrio spp. levels in oysters. In this study, triploidiatploid oysters were cultured in
Australian long line systems and subjected to typacal desiccation practices, air dried and
freshwater dipped/air dried, and then evaluate/f@arahaemolyticus andV. vulnificus
abundances over time. Three two-week long studdesrishined thaVibrio spp. levels in oysters
that underwent either desiccation treatment retutadevels similar to those of submersed
oysters by day three, referred to as returningattkround levels. However, thMebrio spp.
levels in the treated oysters remained not siganifily different from the elevated levels seen
immediately following the desiccation treatmentiusgven days after re-submersion. There was
no significant difference iNibrio spp. levels between triploid and diploid oysters, a
difference in the time of re-submersion needecttorn levels to background. These results

suggest that oysters that have been desiccatettdtmue-submersed for at least seven days
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prior to harvest to mitigate any human health asktributed by desiccation practices, regardless
of oyster ploidy.
Key words: Vibrio parahaemolyticus, Vibrio vulnificus, Crassostrea virginica, triploid, Gulf of

Mexico, aquaculture

Highlights

» This study suggests an absence of correlatiomdaet ploidy and/ibrio spp. levels in
cultured oysters that undergo routine aguacultestcgation during summer months in
Portersville Bay, Alabama.

» This study suggests that ploidy has no effect eratihhount of time needed fdibrio spp.
levels return to background levels after re-subimarduring summer months in Portersville
Bay, Alabama.

» This study identifies the length of time necessarseduce the increased risk\dbrio spp.
infection from consumption of cultured oyste€svirginica, that are associated with
exposure to ambient air desiccation during sumnarths in Portersville Bay Alabama.

1. Introduction

Shellfish aquaculture in the United States gatesr$323 million annually, with $45
million resulting from the production of the East&yster Crassostrea virginica (FAO, 2016).
In 2013, the global production @f virginicawas 107,917 tons of oyster in shell. Aquaculture
methods such as off-bottom and cage culture arelwigsed in the northeastern and mid-
Atlantic United States with much success. In a daetb effort, Auburn University, Mississippi-
Alabama Sea Grant Consortium, and Louisiana Stateesity are working with private

growers to expand oyster aquaculture to the Gulexico (NOAA, 2015). In the Gulf of
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Mexico, oyster farmers have traditionally used ottdm cultivation of oysters on leases, laying
shell down as substrate for wild spat to settle gnogv (Walton, 2013). With concerns about the
number of wild spat decreasing, oyster farmers l@gein to adopt methodologies already
established in the Northeast and in other parteefvorld (NOAA, 2015). Some of these culture
methods include suspended baskets, floating basketter cages, and bags suspended by legs
(Walton, 2013). Mississippi has begun the perngtprocess to allow these methodologies to be
used in designated areas (pers. obs.), while Elptiduisiana, and Alabama have established
private growers using these off-bottom methodolegidorthern Economics, 2014). The
increased use of off-bottom cultivation, while biécial to the Gulf of Mexico economy, is a
concern due to warm temperatures which are coectlatth higher levels d¥ibrio
parahaemolyticus andV. vulnificus (Johnson et al., 2010; Pfeffer et al., 2003). Whem

ambient air and water temperatures accompanieddwlar practices associated with
aquaculture such as desiccation, which remove blioig, and submersion of oysters into
freshwater, to removieolydora spp., can lead to higher levels\6brio spp. in cultured oysters
(Grodeska et al., In Press; Kinsey et al., 2015).

Vibrio parahaemolyticus andV. vulnificus are human pathogenic bacteria commonly
associated with food borne illnesses, with mostifoorne infections (93%) coming from the
consumption of raw oysters (Oliver, 2013). Consuampbf raw shellfish which contain high
abundances of theS&brio spp. can cause rapid septicemia, acute gastraesjtarid even death
in immune compromised individuals (Daniels et 2000; Jones and Oliver, 2009; Levine and
Griffin, 1993; Oliver, 2013). Individuals who arégh risk to contract a fatal.
parahaemolyticus infection, which is rare, include but are not liedtto those with pre-existing

conditions, such as alcoholism, liver disease,|rdisease, vascular disease, and/or diabetes
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(Daniels et al., 2000). Pre-existing conditiond tharease the risk d&f. vulnificus infections,
which occur in ~35-50% of cases, include liver d&sg such as cirrhosis or hepatitis, and open
wounds (Oliver, 2005; Oliver, 2006).

In addition to adapting grow-out methodology, reskars have experimented with and
modified the oysters themselves. Diploid oystes®(€hromosomes) invest much of their energy
into developing gonadal tissue rather than growtiploid oysters (three sets of chromosomes)
are unable to reproduce, so expend more energydewapid growth (Nell, 2002). The use of
triploids also allows an extended summer markeinduhe months that spawning diploid
oysters have “milky” meat that is undesirable ® tonsumer (Walton, 2013). De Decker et al.
(2011), revealed a positive correlation betw¥#io spp. abundances and gonadal tissue,
indicating that triploid oysters may harbor lowevels of certaitvibrio spp.. The De Decker
study was performed with the Pacific Oystérassostrea gigas, and withV. splendidus andV.
aestuarianus, both of which can cause mortality in oysters, limxie not been documented to
cause disease in humans (De Decker et al., 201Hi)e\We Decker et al. (2011) investigated
Vibrio spp. that are not of particular interest to humealth officials, their findings lead to
guestions regarding certa¥brio spp. that do have an impact on human health. Gilyrea
majority of oyster farmers use single set triploydters which are acquired from hatcheries and
are frequently destined for the live, raw marketr§p obs.). If triploid oysters do, in fact, harbor
fewerVibrio spp. this could be an additional benefit for tee of triploid oysters that could
potentially affect the calculation of risks.

Most studies o€. virginica, V. parahaemolyticus, andV. vulnificus have focused on dry
storage and post-harvest methodologies that inekdls o spp, to determine the length of time

it takes forVibrio spp. levels to multiply after harvest. That infotioa helps inform public
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health officials on the amount of time oysters barheld without refrigeration before they pose
an increased risk to illness. In contrast, thislgtiocused on reducingbrio spp. abundances
prior to harvest and to ensure that routine ag@aipractices do not increase the risk of illness
to consumers. The objective was to determine win&thgarahaemolyticus andV. vulnificus
abundances differ between diploid and triploid egsbver time when subjected to common
aquaculture desiccation practices including 27-famabient air dry and 3-hour freshwater dip
prior to 24-hour ambient air dry, followed by rebsuersion, and any interaction between ploidy
and these desiccation practices. Measuring t4dseo spp. abundances across time may help
determine the length of time needed to mitigateat$f of such desiccation practices. A
significant relationship between either ploidy, ideation practices, days since re-submersion,
and/or any interactions effect &fibrio spp. could help provide information to the oységming
industry and influence public health decisions.
2. Materials and Methods
2.1. Sampling Location and Conditions

The fieldwork was conducted at Auburn Universitsésearch field site in Portersville
Bay, Coden, Alabama (Mississippi Sound), a sha(lb\ m) firm mud bottom site with a small
tide (0.5-1.0 m). At this site, mid-summer saliegtitypically range from 15 to 25 PSU and water
temperatures range from 25-30 °C (Walton, 2013gs€Hield conditions were expected to be
favorable to proliferation of pathogeniebrio spp. (WHO-FAO, 2005). Environmental data
during study were retrieved from mymobilebay.conmgshe Cedar Point station. These data
included daily mean and daily minimum and maximuraadinity, water temperature, wind
speed, precipitation across trials, and mean mipé&gature for the period of desiccation.

2.2. Submersion and Treatment of Oysters
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During this study, data were collected during thxvee-week long replicate trials in 2015.
The trials started July ¥%and ended Septembet tb ensure favorable conditions fdibrio spp.
growth. Sampling over time was done to determiedéhgth of time needed f¥fbrio spp.
abundances in oysters of both desiccation treasraard ploidy to return to levels not
significantly different from those of submersedteys, which will hereafter be referred to as
returning to submersed levels.

Oysters were stocked in replicate baskets (BSTeDyupplies, Australia), each with
100-120 diploid oysters, and another group of biaskere each stocked with 100-120 triploid
oysters from the same half-sibling brood. The tiighloyster brood was verified using flow
cytometry (Allen, 1983). All baskets were submergedne batch on an Australian Adjustable
Long-Line culture system (ALS) at the study siteeradating ploidies by bay, and maintained at a
depth un-exposed to air during even extreme loastidr a minimum of 14 days prior to
sampling (and typically greater than 45 days fahesubsequent trial). This extended
submersion period prior to any sampling allowed@ngsto reach ambieNibrio spp. levels
(Grodeska et al., 2017; Walton et al., 2013a).

In any single trial of the three, six randomlyeséd baskets per ploidy were subjected to
a 3-hour freshwater dip, and then allowed to ajrfdr 24 hours (hereafter freshwater dipped).
Another three to six randomly selected basketpfmdy were subjected to 27 hours of
desiccation at ambient air temperatures (hereaifteiried). Six baskets per ploidy were left in
the water, and designated as the control (hereaitanersed). One sample of 12-15 oysters was
taken out of each of three randomly chosen ba$&etsach ploidy prior to any treatment and
were represented agidieament This wWas used to determine what the iniidrio spp.

abundances were prior to treatment for each plddgitionally, immediately prior to re-
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submersion, Jost-reatmentthree samples of 12-15 oysters were randomlyeseldrom three
baskets per treatment for each ploidy to deterrtiaesffect of ‘desiccation treatment’ (including
submersed) oNibrio spp. abundances. During each trial, a sample -d51@ysters was
randomly collected from three baskets per treatrf@rgach ploidy at the following time points:
1,2,3,7,10, and 14 days after re-submersioredfier referred to as yTwhere the sub-script x
designates the number of days of re-submersiohsatples were packed in coolers with ice
packs buffered by burlap sacks to prevent direotam with the oysters.

Due to the amount of time that processing requaredia parallel project, diploid samples
were shipped to either Auburn University Aquaticckdibiology Lab (AU AML) or delivered to
the FDA Gulf Coast Seafood Laboratory (FDA GCSLlr)oPto initiation of the study, multiple
samples were split between GCSL and Auburn lalessore no statistically significant
difference between results generated at the twardabries. During the split sample analysis and
this study, oysters destined for the FDA GCSL weziel in a cooler overnight to mimic shipping
conditions required to deliver oysters to AU AMLUAAML processed diploid samples from
Tpost-reatmer@Nd Tz, T1o, and T4 and FDA GCSL processed diploid samples frof-fatmen@nd
T1, T2, and &. All triploid samples, along with all of trial llbysters, were processed at the FDA

GCSL.

2.3.Sample Analysis

Samples were processed following standard prég@mrording to Bacteriological
Analytical Manual (BAM). Upon opening the cooleB-15 oysters from each experimental
group were cleaned, shucked, and homogenizedterilegood blender. The samples were then

processed fov. parahaemolyticus andV. vulnificus abundances by direct plating; samples were
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plated on T1NS3 to isolaté. parahaemolyticus and VVA to isolaté/. vulnificus. After colonies
were lifted and lysed to filters, the remaindepojcessing was completed at the FDA GCSL
using alkaline phosphatase-labeled oligonucleqiidbe colony hybridization for confirmation
(McCarthy et al., 1999; Wright et al., 1993). Prgimsitive colonies were counted and reported

in CFU/g.

2.4. Statistical Analysis

Environmental data were collected from mymobilebam using the Cedar Point site.
Environmental parameters that were analyzed indwekger temperature, salinity, wind speed,
precipitation, and air temperature collected duthng27 hours oysters were subjected to
desiccation treatments; these data were used farpeone-way ANOVA. Air temperature daily
mean along with the minimum and maximum values wateulated. The remaining data were
collected for the entire duration of each trial &imel daily mean along with daily mean minimum
and maximums were calculated. The daily means wszd to perform one-way ANOVA to
compare between trials, except precipitation. Tdil/cnean maximum for precipitation was
used to perform one-way ANOVA. Using the data thate previously described for each one-
way ANOVA, a main effects model was performed ttedamine environmental effects dfibrio
spp..

All Vibrio spp. data were log transformed and triplicate $asnpveraged so that
replication was at the trial level. A two-way ANOM#Ras performed to determine if there was a
difference in Vibrio spp. abundances at the teakl. To assess whether the two treatments
(freshwater dipped and air dried) successfully aiedVibrio spp. abundancespgli-teamentevels

compared to un-manipulateg dieamenievels, a two-way ANOVA was performed to compare
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effects of treatment and ploidy &fibrio spp. abundances with a post-hoc multiple compasiso
t-test.
A three-way ANOVA was performed to compare the @Hef ploidy, treatment, and days since
re-submersion oNibrio spp. abundances. A student’s t-test was used|fposi-hoc
comparisons where a significant effect was foundANOVAs and post-hoc comparisons were
considered significant at p < 0.05. All statisticalculations were performed using the JMP
statistical program (SAS Institute Inc., Cary, NC).
3. Results
3.1. Environmental Parameters

Although significant differences of environmentargmeters (Table 1) were detected
between trials, there was no apparent effect (88)@nVibrio spp. abundance within the

oysters.

3.2. Initial Effect of Desiccation Treatment

No significant difference o¥ibrio spp. abundance in oysters was detected among trial
(p < 0.05), so all trials were combined for furtlaealysis. At the onset of the trials, there was no
effect of ploidy (p = 0.20), nor an interactionWween treatment and ploidy (p = 1.00)\én
parahaemolyticus abundances (Table 2); therefore, further analyas completed with
combining data from diploids and triploids. Theatraents had a highly significant (p < 0.01)
effect onV. parahaemolyticus abundances (Table 2). Among the different treateéehe
abundances in the oysters from two manipulatedntrerats [air dried (4.6 log MPN/g) and
freshwater dipped (4.5 log MPN/g)] were signifidguitigher (p < 0.01) than abundances in

either the Fre-rearmen@ysters (3.0 log MPN/g) or the submersed oystegs|¢g MPN/g), but did
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not differ (p = 0.83) from each other (Table 3,.Ay Additionally, the abundances in oysters
from the submersed treatment did not differ (p3¥Dfrom those in the pre-treatment oysters
(Table 3, Fig. 1).

Similarly, for V. wulnificus, there was no effect of ploidy (p = 0.52) nor areraction (p
= 0.84) between treatment and ploidy (Table 4).r&eas an effect of treatment (p = <0.01).
Among the different treatments, abundances in oy$tem the two manipulated treatments [air
dried (4.9 log MPN/g) and freshwater dipped (4@ MPN/g)] were significantly higher (p <
0.01) than abundances in either the Feamen@ysters (3.8 log MPN/g) or the submersed oysters
(3.9 log MPN/g), but the levels did not differ (0-99) from each other (Table 5, Fig. 2).
Additionally, abundances in oysters from the sulz®@rtreatment did not differ (p = 0.89) from

the pre-treatment oysters (Fig. 2).

3.3. Effect of Ploidy over Re-submersion Time

There was no effect of ploidy on eithérparahaemolyticus (p = 0.06) oV. vulnificus (p
= 0.28), despite triploids tending to have loweparahaemolyticus andV. vulnificus
abundances than diploid oysters (Fig. 3). Adddltyn no significant interaction (p 0.38) of
ploidy with treatment or time (Tables 6 and 7, extvely) was identified. Due to the lack of
effect of ploidy, data from both ploidies were candal for further analysis. While no statistical
analysis was performed comparing the means andatherror of Vibrio levels within each
trial shows similar trends (Table 8 and 9).
3.4. Effects of Time and Desiccation Treatment Intactions

When ploidy data were combined, there were sigmifi¢gnteractions (p < 0.04) between
time and treatment (Tables 6 and 7, respectivelylp6thV. parahaemolyticus andV. vulnificus.

V. parahaemolyticus abundances reached those similar to submersetb(@FU/g) at T for



261 oysters from air dried (4.3 log CFU/g) and freshevatipped treatments (4.5 log CFU/qg) (Fig.4).
262  Specifically, at ost-reatment T1, @nd b, abundances in oysters of the two desiccatiorrirests
263 (air dried, freshwater dipped), which ranged frof ldg CFU/g (T air dried) to 4.6 log CFU
264  (Tpestwreamendl dried, T freshwater dipped), were significantly higher (0.€1) than the

265 abundances in oysters of the submersed treatmbidh wanged from 3.2 log CFU/g {TT1) to
266 3.4 log CFU/g (), but from T onward there were no significant differences amalhthree

267 treatments within any given number of days subngerdseaddition, there were not any

268 significant differences (p > 0.05) ¥f parahaemolyticus abundances between the two

269 desiccation treatments within any given numberayfsd (Fig. 4).

270 Importantly, the abundances\éfparahaemolyticus in submersed oysters differed

271 significantly among days (Fig. 4); for example, tbeels at & (4.0 log CFU/g) were

272  significantly higher than atyfstweatment T1, T2, T10 and Tiawhich ranged from lowest at;d(3.1
273 log CFU/g) to the highest ab&nd T4 (3.4 log CFU/g). Additionally, at3lthe abundances in
274 oysters from desiccated samples returned to timoselimersed oysters [air dried oysters (4.6 log
275 CFU/qg), freshwater dipped oysters (4.5 log CFU/MIE, did not decrease from initially elevated
276  levels (Toost-treament Until T7 [air dried oysters (3.7 log CFU/g), freshwaterpdig oysters (3.6 log
277 CFU/g)].

278 ForV. wulnificus, abundances in oysters that underwent desiccaatments reached
279 those similar (p = 0.14) to submersed oystersl(®ZTFU/g) at T in air dried (4.1 CFU/g) and
280 freshwater dipped (4.2 CFU/g) treatment samples. )i Specifically, at dayspdst-treatmen@ind
281 T, the abundances in oysters from the two treatnaitslried, freshwater dipped) were

282 significantly higher (p < 0.01) than the levelssilbmersed oysters. By @nd for the remainder

283 of the study, there were no significant differen@es 0.05) inV. wulnificus abundances in
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oysters among the three treatments. In additi@rettvere no significant differences_(p > 0.05)
between the abundances in the two treatments ajia@y number of days submersed.

The abundances &f vulnificus in submersed oysters did not differ significarfpy
0.05) among days. Despite this lack of variatioabmndances a&f. vulnificus in submersed
oysters, there was variation was observed betweatntents among days. At @abundances in
oysters from both treatments were significantlydothan elevatedfs;.reamertevels [air dried
oysters (4.9 log CFU/qg), freshwater dipped oysféra log CFU/g)]. There was an increas&/in
wulnificus levels at § abundances in oysters from freshwater dipped tre@ireturned to pbs:-
reatment€levated levels (4.5 log CFU/g), while abundanocesr dried treatment oysters remained
significantly lower. The abundances in oystersififoeshwater dipped treatments again
decreased fromplst.rearmertevels at (3.8 log CFU/g) and did not return to elevated lever

the remainder of the study.

4. Discussion

Based on these data, ploidy of oysters does naaap provide a significant increase or
reduction of risks associated whkhvulnificus andV. parahaemolyticus. Notably, however, for
V. parahaemolyticus, triploids tended to have lower abundances thploidi oysters; this was
also seen in Walton et al. (2013b). With no siguaifice, the effect of ploidy dvibrio spp.
abundances remains intriguing but appears to bevireémed by other factors.

Environmental parameters during this study, sucasr temperatures greater than
15°C (Gooch et al., 2002; Murphy and Oliver, 1988 salinity between 5 and 25 PSU (Bryan
et al., 1999; Hoi et al., 1998; Kaspar and TamdlB93) were conducive ¥brio spp. growth.
This was evident in the effectiveness of both rmitlesiccation practices, air dried and

freshwater dipped, to significantly increadério spp. abundances compared to levels in
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continually submersed angdweamen@ysters. The increase Wibrio spp. abundances by 1 to 1.5
logs demonstrates a greater human health risk iassoevith oysters subjected to routine
aguaculture practices, and indicates a rationalsdecial requirements being associated with
desiccation and re-submersion practices. When congpbetween treatments, neither the air
dried nor freshwater dipped treatment had an iser@aisk or benefit, in regards to affecting
Vibrio spp. levels. At each time point, for bottbrio spp. abundances no significant differences
were found between the two manipulated desiccateatments.

Furthermore, there was a clear pattern of desiddadatments returning to submersed
levels within three days. However, we note thatelveas significant variation in the abundances
in submersed oysters, which suggests that the atrddieindances afibrio spp. changed and, in
some cases, increased. In those cases, a laciesédce between desiccated treatments and the
submersed treatment did not indicate that the datd oysters were reduciWtorio spp.
abundances, but rather that they were simply cgnvgr Public health recommendations are
generally based on exposing oysters to practicGgshy elevate abundances and determining
the length of time until those abundances retusutomersed levels; however, it is important to
note that in most cas&$brio spp. abundances in oysters that underwent desindagatments
did not decrease from initial elevated levels uatiiér returning to submersed levels, except for
air driedV. wulnificus abundances. It is imperative thabrio spp. abundances in oysters are
given time to decrease from elevated levels bectisen theory, removes the effects of
desiccation practices. While abundances returnsedhiimersed levels by day three, elevated
levels do not significantly decrease from the aliglevated levels lhst.reamen: Until day seven,
except forV. vulnificus abundances in air dried oysters which decreaseaddyays post re-

submersion. Seven days allows time for abundamcesturn to submersed levels and decrease



330 from those initially elevated levels. This supp@tecommendation of seven days of re-

331 submersion prior to harvesting and is consistettt thie recommendation resulting from the
332 different analytical and statistical methodologised in Grodeska et al. (2017).

333 Notably, this study did not sample between threes dend seven days. The combined
334 results ofVibrio spp. abundances returning to ambient betweendwurée days and levels
335 significantly decreasing at or before day severgests that oysters subjected to routine

336 desiccation practices may need fewer than seventdagmove the increased associated risk.
337 Further investigation of the effects of desiccafactices, especially days four, five, and six,
338 may result in a recommendation of less than seaga df re-submersion prior to harvest.

339 5. Conclusion

340 This study was conducted using routine aquacufitaetices, in an approved aquaculture
341 location in the Gulf of Mexico to determine if, ulerdhese experimental conditions, diploid or
342 triploid oysters would contain significantly difeamtVibrio spp. abundances during time of re-
343 submersion. We have concluded that, while theeetédency for triploids to have lower

344 abundances df. parahaemolyticus than diploids, triploid oysters do not have sigaihtly

345 differentVibrio spp. abundances compared to diploid oysters. \Wsters underwent

346 desiccation treatments (air dried or freshwatepéi)), there was no apparent effect between
347 those two treatments onbrio spp. abundances. Overall, it is important to miod, while

348 Vibrio spp. abundances may have returned to submerssd lgwvday threghere is a possibility
349 they are still affected by desiccation treatmemitl geven days after re-submersion (our next
350 sampling period). Allowing/ibrio spp. levels in oysters to return to submersed seaelwvell as
351 decrease from initially elevated levels removesitiseeased risk associated with routine

352 desiccation practices. For these reasons this stuplyorts a recommendation of seven days of
353 re-submersion after routine desiccation practices o harvest in either diploid or triploid

354 oysters.

355
356
357

358 Table 1: Mean environmental data (salinity, wagenperature, wind speed, and precipitation)
359  with mean daily minimum and maximums over each &l averaged air temperature for date
360 of treatment (desiccation) with averaged minimum araximums. Superscript letters denote
361 significant differences.



362
363
364
365

366

367
368
369

370
371

372

373
374
375

Trials Environmental data
Water Temp Salinity wind Speed Precipitation Air Temp
(°C) (PSU) (knots) (cm) (°C)
| 31.0" 19.9° 9.6" 0.002 20.8'
(30.1-32.0) (16.3-24.2)  (1.8-19.8) ' (28.8-30.7)
i 30.2° 23.7% 10.4* 0.009" 28.8°
(29.3-381.1) (21.1-286.8) (3.3-189.9) ' (26.6-2CO.0)
29.6 20.9 7.4 28.
i (28.7-30.6)  (18.424.0) (10-14.0) 0008 557597

Table 2: ANOVA table for Jre-treatmen@Nd Tpost-treatmenV- parahaemolyticus abundances;
submersed, air dried, and freshwater dipped. Limé&®sld represent significant differences
(alpha = 0.05).

Sum of
Source DF Squares F Ratio Prob> F
Treatment 3 12.76 27.33 <0.01
Ploidy 1 0.28 1.80 0.20
Treatment*Ploidy 3 0.01 0.02 1.00

Table 3: Post-hoc t-test comparisorMoparahaemol yticus levels for Tre-treatmen{Pre) and Jost-
reatment SUDMersed, air dried (Air), and freshwater dipffeg@shwater). Lines in bold represent
significant differences (alpha = 0.05).

Level - Level Difference  Std Err Dif Lower CL Upp€L  p-Value

Air Pre 1.58 0.23 1.10 2.06 <0.01
Freshwater Pre 1.53 0.23 1.05 2.01 <0.01
Air Submersed 1.37 0.23 0.89 1.85 <0.01
Freshwater Submersed 1.32 0.23 0.84 1.80 <0.01
Submersed Pre 0.21 0.23 -0.27 0.69 0.37
Air Freshwater 0.05 0.23 -0.43 0.53 0.83

Table 4: ANOVA table for Jre-treatmen@Nd Tpost-treatmeny- VUINIficus levels; submersed, air dried,
and freshwater dipped. Lines in bold representiogmt differences (alpha = 0.05).

Sum of
Source DF Squares F Ratio  Prob>F
Treatment 3 6.16 6.62 <0.01
Ploidy 1 0.13 0.43 0.52
Treatment*Ploidy 3 0.26 0.27 0.84

Table 5: Post-hoc t-test comparisorMofulnificus levels for Tre-reatmen{ Pre) and Jost-treatment
submersed, air dried (Air), and freshwater dipgaeghwater). Lines in bold represent
significant differences (alpha = 0.05).

Level - Level Difference Std Err Dif Lower CL  Upper CL  p-Value




Freshwater Pre 1.04 0.32 0.36 1.72 <0.01

Air Pre 1.03 0.32 0.35 1.72 <0.01
Freshwater Submersed 0.99 0.32 0.31 1.67 <0.01
Air Submersed 0.99 0.32 0.31 1.67 <0.01
Submersed Pre 0.04 0.32 -0.64 0.73 0.89
Freshwater  Air 0.004 0.32 -0.68 0.69 0.99

376

377 Table 6: ANOVA table of the test of effects of tinteeatment, and ploidy ovibrio
378 parahaemolyticus abundances in oysters. Lines in bold representfsignt differences (alpha =
379 0.05).

Sum of
Source DF Squares F Ratio Prob> F
Model 41 38.24 4.99 <0.01
Error 84 15.69
C. Total 125 53.93
Time 6 17.82 15.90 <0.01
Treatment 2 7.13 19.09 <0.01
Ploidy 1 0.66 3.54 0.06
Time*Treatment 12 10.59 4.72 <0.01
Time*Ploidy 6 1.21 1.08 0.38
Treatment*Ploidy 2 0.18 0.49 0.62
Time*Treatment*Ploidy 12 0.65 0.29 0.99
380
381
382
383
384
385
386
387
388

389 Table 7: ANOVA table of the test of effects of tinteeatment, and ploidy ovibrio vulnificus
390 abundances in oysters. Lines in bold represenifgignt differences (alpha = 0.05).

Sum of
Source DF  Squares F Ratio Prob> F
Model 41 22.67 2.14 <0.01
Error 84 21.67

C. Total 125 44.33



391
392

393

Time

Treatment

Ploidy

Time*Treatment
Time*Ploidy
Treatment*Ploidy
Time*Treatment*Ploidy

9.91
4.57
0.30
6.01
0.30
0.17
1.40

6.40
8.87
1.18
1.94
0.20
0.33
0.45

<0.01
<0.01
0.28
0.04
0.98
0.72
0.94
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Figure 1: MearV. parahaemolyticus abundances with standard error bars acrossalf tof
treatment; Fre-reamen{Pre) and Fostreamensiobmersed, air dried (Air), and freshwater dipped
(Freshwater). Different letters indicate signifitdifferences as determined by the post hoc
student t-test.
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Figure 2: MearV. vulnificus abundances with standard error bars acrossal tof Tpre-treatment

(Pre) and Tost-reamensubmersed (Sub), air dried (Air), and freshwatppdd (Freshwater).
Different letters indicate significant differencas determined by the post hoc student t-test.
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Figure 3: Comparison of mean log transformed CFadAg. parahaemolyticus (Vp) andV.
vulnificus (Vv) by ploidy standard error bars (combined asrosatments and time). The key
describes ploidy: diploids (2N) and triploids (3NJo significant differences were found
between ploidy.
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