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Influence of Plankton Community Composition and Abiotic Environmental Factors on the
Dynamics of Total and Pathogenid/ibrio parahaemolyticusn Oysters, Water and
Sediment

1.! Objectives

In this study, weevaluate the influence of abiotic environmental factors and biotic factors
including phytoplankton and zooplankton species compostiaelative abundance on the

occurrence of total pathogentibrio parahaemolyticu§Vp) in oysters, water and sediment
while alsoassessg potential correlations between pathogenic and gpal

The specific objectives of the projecereto:

¥ Evaluate the influence of a wide array of abiatintl bioticenvironmental factors on
levels oftotal and pathogeni¢pin 3 matrices: oysters, water and sediment;

¥l Evaluate potential correlations between levels of total and pathdgefoc each matrice
as well as potential correlations between levelpaineasured in the different matrices;

¥ Provide sciencéased data to the ISSC, to other regulatory agencies and researchers to
foster improved/prisk management measures and predictive models.

2. Methods
al Study sites

The study was conducted in the York River, an estuary logatedier Chesapeake Bay.
Onesitewasadjacent to the Virginia Institute of Marine Science (VIMS), Virginig; (3152.0'
N, 76;2959.5' W), and the secondlaslocated in Perrin Creek, a tributary of the York River in
proximity to the VIMS sitgFig. 1) These sitesvere chosen basexh similar moderate salinity
regimeand differences related éxposure to flushing and hydrodynamics that may affect
environmental conditions and, potentially, afféptdynamics

A month prior to sample collection startédploid oysters of commercial size (> 50 mm)
weredeployed in3 bagseach containing 140 oystgukced on rackat bothstudy sitesQOyster,
water and sedimenasiplesverecollected from both sitesn the same dagpproximately every
two weeks fromApril 30, 2019 to Auguss, 2019leading to a total of 8 sampling time points
Samples were collected within 1 hour of low tide across all sampling time gaiatidition,
nearcontinuous (15 mins intervaljater quality measuremenising YS¥ multi-parameter
water quality sondesere collectedTable 1)

b.! Environmental lctors
Near continuous (Eminutesinterval)in situmeasurements of selected water quality

parameterg¢Table 1)wascollected immediately adjacent to each of the gonivsites at a fixed
depth (approximating that of exposed oysters) usingtVi8ulti-parameter water quality sondes.



Measured parameters inclutiemperature (resolution: 0.01 jC, accuracy.15 jC), speific
conductance (0.001 mS/ce0.5% of reading), pH (0.01 SW,0.2 SU), %DQx:(0.1%,+1% of
reading), turbidity (1 NTU% 0.2% of reading) and Clal fluorescence (~04g/L, 0.1% of

RFU). Calculated parameters inchasalinity (0.01 psut1% of reading) and [DO] (0.01 mg/L,
1% of reading). Water depth (0.001 £#).01 m)wasalso be measured via the sonde with the
nonvented pressure sensor being corrected for atmospheric pressure changes during the
deployment period. Configuration and badition of YSt instruments followed standard
protocols. All effortsjncluding short maintenance intervals (~1 week), use ofctedining

optical sensors, and affitiuling materialwastaken to minimize biofouling effect®atawere
subjected to qualitpssurance/quality control (QA/QC) protocols and archived through the VA
Estuarine and Coastal Observing System pontai{.web?2.vims.edu/vecpsQA/QC protocols
tesedfor time gaps and location errors, syn&rors, gross sensor output range, temporal range,
positive and negative spikes, rate of change, continuously reported values, and sensor drift.

Dissolved nutrients and plant pigme(ifable 1)weremeasured using standards methods
for marine waters, these include: ammonium ¢N&dlorzano 1969), nitrate + nitrite (N§
Strickland and Parsons 1968, total dissolved nitrogen (TDN; DOElia et al. 1977), reactive and
total phosphorus (P£and TDP; Metho@®65.5 direct and digestion colorimetry, EPA 1997),
total chlorophyll a and pheopigments (A&tCollins 1997. Method 445.0.). Field samplesre
collected at each sampling time point and wdaeed on ice and immediately filtered and
analyzed.

In addition, a sediment sampleascollected at the beginning of the study for assessing
general characteristics and differences between the 2 studyssitésial (top 1 cm) sediment
samplesverecollected manuallyvith transparent plexiglass cores (1.D.: 4.6)@ndwere
categorized into gravel, sand (coarse, medium, fine), silt and clay using the Wentworth scale
following a wetsieve and pipette analysis (Folk 1980).

c.! Phytoplankton species composition and abundance

Triplicate 100 mL water sampleserecollected from each site assessefative
abundance of phytoplankton species at each sampling time @amivater sampleas
analyzedor microscopic examinatioand visual enumeration of dominant phytoplankton
speciesA secom water sample wagreseved with LugolOs iodirfer additional confirmatory
microscopic examinatioand the thirdvater samplevasfiltered through a 3im Isopore?
membrane filter (Millipore Corp) fomolecular method analysiBNA wasextraced from thee
filters using the QIAanp " Fast Stool Mini Kit (QIAGEN) following the manufacturerOs
protocol.Speciesspecific gPCRwereconducted to determine cell densities of typical HAB
summer bloom species in the York River. Specificalgifferent CRassay was run for each
of the 4dinoflagellate specieglexandrium monilatuniVandersea et al. 2017)
Margalefidinium polykrikoidegReece et al. in VAOEQ 2014) Karlodinium veneficunjReece
et al. in VADEQ 2014 andProrocentrum minimuniHandy et al. 2008)Clonal culture®f each
species are maintained in the Reece laboratory so that DNA can be extracted from a known
number of cells to use as positive control material and for generating standard curves. gPCR
assaysveredone on a 7500 Fast ReEime PCR system (Life Technologies) using the Fast
7500 mode with the cycling parameters, reagent concentrations as previously described (Reece et
al. in VA-DEQ 2014, Vandersea et al. 2017).



d.! Zooplankton species composition andiadance

Relative abundance of zooplankton spewasassessedt each sampling time point
usinga 200! m, 0.5 m diameter ring net with attached flowmelyopankton tow samples
werecollected froma pierlocatedat VIMS and froma docklocated aPerin Creek site.
Zooplarkton wasenumerated andentified to the lowest taxonomical level possibseng an
Olympus SZH12 bright/darkfield dissecting microscdpelative abundance of each taxeas
assessed using densities of each taxon (abundance divided by the volume of water through the
net, i.e., number per literCondon &Steinberg 2008

el Vibrio spp. abundance in oyster, sediment and water samples

At each sampling time point ardeachsite, triplicate samples of 10 oysteach,
triplicate surfacesediment sampgandtriplicate 100 mlwater samplaverecollected.Samples
werekept chilled in insulated coolers and separated from direct contact with ice during transport.
Upon arrival athe laboratory, samples were processed using apnaisable number (MPN)
approach followed by quantitative PCR (qPCR) to determine the abunaofatiotal and
pathogenid/p.

For each oyster replicate sample, a tissue homogemaaterepared by pooling tissue and
liquor of 10 oystersadding an equal weight phosphatéuffered salindPBS) and
homogenizing for 90 4SS FDA 2010. Sediment sampleserediluted 1:1 in PBS andortexed
to release bacteria attached to particles (Cahak 2015). For eaabf thesetissue homogenate
or vortexed sediment samptenfoldserial dilutionswverepreparedisingPBSbefore being
inoculated intdlO ml ofalkaline peptone water (APW9llowing a 3tube MPN series (US FDA
2010).The obtained gauivalent inoculated for these oyster and sediment samples ranged from
1.00E+0 g to 1.00E5 g.

For the vater samplesn addition to serial dilution of the water inoculated into APW
(1.00E+0 ml to 1.00& ml inoculate), the equivalent of a 10 ml inoculates prepared. The
objective was to enhance our ability to detect \{¢mabundance, in particular low pathogeYije
abundance in the samples. Each of triplicate 10 ml samples were filtered on a 0.22 M filter,
which was then placed in a sterile tube comtgi ml of PBS. Bacteria were released from the
filter by vortexing the content of the tubes and the entire content of the tube including the fitter
was added to APW. Alhioculated samplesereincubated at 35;C for 184 h.

A 100 !l volumewasremovedrom the top cm of each APW enrichment t@hewing
turbidity andwasboiled for 10 min to lyse cells (Jones et al. 2009). This Iysatsubsequently
used as the source of template DNA in each of the gPCR assays described below.

Detection of total angathogenid/p wasperformed using the primers and probes
described by Nordstrom et al. (2007) with the modifications recommended by the FDA Gulf
Coast Seafood Laboratory (J. Jones pers. comm.). Vptahsdetectedvy targeting the
thermolabile hemolysigene {lh) in a multiplex g°PCR assagcorporating an internal
amplification control (IAC) to ensure PCR integrity and eliminate fatsgative reporting.
Detection ofVp pathogenic strains possessing titieandor thetrh genewasconducted in a
second §CR assay that also includes an IACcases where the IAC did not amplify correctly
compared to the controls, the qPCR for the corresponding sample(s) was rdpesuéd.of the
gPCRswereused to assess the MPN density values using approved MPN(ta8SIEDA 2010).



f. Dataanalysis

For each matrix, grcentage of occurrence of each targeted gémedh andtrh) was
calculated after grouping the data obtained from each of the 2 sites, i.e., by using the data
obtained from 6 samples (3 replicates from Perrin and 3 replicates from Y orkjibiFor
abundance data, the geometric means of triplicate samples olftaieadh mati and at each
time point were calculated and presented graphidallgass wherethe targeted gengas not
deteced (below detection limit)the specific sample was given a value for that gene
corresponding to the lower limit of detecti(®3 MPN/g or 0.8 MPN/ml).

SpearmanOs rank correlation coefficients were calculated to assesrtethtons
between levels of eithdlh, tdh or trh between matriceand, 2/ the correlations between levels
of tlh and levels otdh or of trh within each matrix (oyster, sediment and water).

For each targetedp strains {Ih, tdh or trh), identification of environmental predictor
variable affecting the abundance of these strains in the different matrices was couasincted
generalizechdditivemixed-effects models (BMMs), which extend generalized additive models
(GAM) by including both fixed and random effects. These models can be usefilliédrons
where the nonlinear functions of predictor variables are needed, amdrnchical data ith
autoorrelaion due tarepeated temporal samplinGAMMSs are expressed as:
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where#®& ( is the expected value of the response védétmmditioned on the vector of random
effects’ that arandependent and identically normally distributed, is the fixedeffectlinear
parametric modetomponent/,$ly( are the nonparametric, smooth, and nonlinear functions of
predictorvariables}<* =:>:?(,5' is the randoneffectmodel component is the variance
covariance matrix of the randoaffects and is the monotonic link functian

The fixedeffectpredictorsconsideredvere the aforementioned abiotic and biotic factors
measured synopticallyith Vp. Samplingtime was teated as a randesaffect and assumed to
only influence the intercept (random intercept model). In this formuld@i@a simple dummy
matrix denoting samplinime and; is a diagonal matrix with theampling timevariance@;cp
along the diagonal.

Statistical modelsvere fittedthe generalized additive models for location, scale, and
shape (GAMLSS) regressidramework (Stasinopoulos et al. 2017) implemented through the
gamlisspackage in R (R Core Team, 2018). GAMLSS models extend generalized linear and
additive mixed effects models in two important ways: (i) a wider range of distributions for the
response w@able are allowed compared to those included in the exponential family, including
distributions that are heavy or ligtatiled, positively or negatively skewed, and (ii) all
parameters of the distributions, namely location (mean or median), scale (@préarttshape
(skewness and kurtosis) can be modeled as linear or smooth functayesdiofor variables

For each strain of/pfrom each medium, a variety of model parameterizations was fitted
to develop the most parsimonious description of the détta. zooplankton abundance data were
converted into a proportion to the total number of zooplankters obséfeee! selection and
statistical inference will be guided BkaikeOs Information Criterion (A)(the Bayesian
Information Criterion (BIC), and standard model diagnostics such as QQd#tended
guantilequantile plots also known as worm plasdanalyses of residuals. Margimakan
predictions (Searle et al. 1980as generated fronn¢ seleted model and uncertainity the



form of standard errors and/or confidence intervalsreflictionswvas quantifiedrom 1000
nonparametric bootstrapped samples (Efron and Tibshirani 1993).
Analysis were conducted under(R core Team, 2017).

3. Results
al Environmental factors

Generalsedimentharacteristicseflecied the hydrodynamicsettingof the sitesPerrin
located ina small shallowcreekwith low flow, was characterized by about equal proportion of
sand, silt and clgyhile York located inalarge estuarywas characterized by sediment almost
exclusivelycomposed ofand(Table2). These 2 sites also showed slightly different range of
water temperature and salin{fyable 3; Fig2). Perrin was associated with slightly warmer
water temperatur@0.91to 30.810¢ compared to York (18.1f 27.91C)andwith slightly
lower salinity (13.08to 17.91 psu) than at York (13.8%19.37 psu)Perrin wasalsoassociated
with lower meanturbidity (6.88 + 4.23 NTU) than York (10.13 £+ 4.58 NTwih higher
turbidity valuesobservedt this later site midune and midluly. Based orthe trends observed
usingY Sl sensors dat&errin was associated withlohophyll a increases in May and late July,
while York was associated witthlorophyll aincreasesn April and midJuly. In grab samples
collected at time of sampling, chlorophylireeasured during the course of the study covered a
wider range of valueat Perrin (8.94 to 35.96 !g/L) compared to York (9.10 to 25.39 !g/L).
Average pH and DO values recorded at time of sampling suggested lower pH and DO at Perrin
compared to York, however, DO measured at York varied more widely than at Perrin with a
pronounced decrease observed late July after a rain (e\aatnot shown)

Additional water quality data acquired through grab samples are shdwn 8 As
noted above, the 2 studied sites show different chlorophyll a dynamic but they also were
associated with different total suspended solid dynamics with the highest valersedlz
Perrin on May 28 (40.50 mg/L), and at York on August 5 (39.33 mg/L). Finally, both dissolved
organic nitrogen and total dissolved phosphorus showed higher values at Perrin than at York.

b.! Phytoplankton species composition and relative abundance

Taxa identified by visual counts during this study included 2 diatom spd&aedlaria
sp. andPseudenitzchiasp.), diatoms, filamentous diatoms, 3 dinoflagellates speglesshiwo
sanguineaHeterocapsa rotundatandPheopolykrikoides hatmaniand a goup consisting of
unidentified clhorophytes and dinoflagellateBhis later group as well as the diatoms and
filamentous diatomwereassociated with the highest counts measured in eith€Fgitel). The
highest abundance measured for the group of unidentified chlorophytes and dinoflagellates (395
cells/mL) was recorded at Perrin on April 30. The highest count for diatoms (295 cells/mL) and
filamentous diatoms (195 cells/mL) were recorded at York d¢h ane 10 and June 2¥one of
these taxa reached abundance susceptible to form blooms.

Among the 4 dinoflagellate species analyzed by gRRCRjonilatumandM.
polykrikoideswere seldomly detected and showed very low concentrationcelV®L sothe
asociated data were not plotted on FigP. minimumwas detected more often during the
course of the studfFig. 4), but abundance aslow with the highesvaluerecordedat York on



April 30 (267 cells/mL)K. veneficunshowed a similar dynamic at botlugy sites with the
highest concentrations observed in May and April (up to 428 cells/mL at Perrin on May 14).

c.! Zooplankton species composition and relative abundance

Among the zooplankton taxa identified, Balanidae nauplius and cypris, the copepod

speciedAcartia (Acanthartig tonsg Cladocera, invertebrate egfiica sp. larvae (fiddler crab
larva), polychaeta larva and Gastropoda larva dominated in terms of relative abundange (Fig.
At Perrin, Balanidegominated during the first three sampling time point (late April to late
May). At this site, he following sampling time point were associated with other dominant taxa,
such as Invertebrata eggs on JuneAl@nsain June and in July ardcalarva on Agust 5.
While Balanidae also dominated on April 30 at York, the relative abundance of this group was
not as elevated as at Perrin in May. At the York site, Cladocera was the dominant taxon on May
14 but from May 28 till August 5A. tonsawas the dominartaxon.

The range of abundance observed varied with the site, with an overall higher abundance of
zooplankter observed at York compared to Perrin @igviore specifically, the groups that
were associated with higher abundance values at York compdPedrio were th€opepoda,
Cladocera, Balanidae larvandMollusca larva.

d.! Prevalence of total and pathoge¥iein sediment, oyster and water

Detection of thelh gene associated with ap strains, was observed for all replicate
samples across all sample matrices with the exception of one oyster replicate sample collected at
the York site on April 30. At both siteglh andtrh genes associated with potentially virulent
strains, were detestl at each sampling time point in at least one type of xn&tata for each
site were pooled to illustrate rate of detection of these genes in eachahatch time point
(Fig. 7).

Detection oftdh occurred in all oyster samples collected in May anteJDuring the rest
of the study, rate of detection of this gene in oyster samples range from 16% (April 30) to 83%
(July and early August). In this matrix, ttre gene was detected in all the samples collected in
May and on June 10. Lower rates of detecwere observed on April 30 (16%) and from July
through early August (386%).

In sediment samples, detection of tHegene was observed on all but one sample
collected at the York site on April 30. Similarly, sediment samples were associatedwgth a
rate of detection of thieh gene with all samples collected from April 30 to July 10 being
positive for this gene.

In water samplegdh gene was detected in all samples collected on May 28, June 10,
July 10 and July 23. The rest of the samplingetpoints were associated with rates of the
detection ranging from 33% (August 5) to 66% (June 27). Detection thtlgene in water
samples was 100% on May 14 and on June 10 and ranged from 33 to 83% at the other time
points.

e! Abundance of total of patigenicVpin sediment, oyster and water

As shown on Fig8 depictingtlh geometric means at each site and in each matrix, total
Vp abundance were the lowest on April 8@mparing equivalent unit of weight and volume



(i.e. MPN/g and MPN/ml), the overall range of values observed varied with the matrix with the
following trend: sediment > oyster > water. Mean abundandé of sediment ranged from
3.32E+2 MPN/g to 8.87E+4 MPN/g at Perrin and from 7.08E+2 to 4.85E+4/¢/i&he York

site. In oyster samples, mean abundandthaoanged from 7.19E+1 to 8.91E+3 MPN/g at Perrin
and from 2.00E+0 to 4.19E+4 MPN/g at York. Finally, mean abundarttieinfwater samples
ranged from 2.13E+1 to 1.58E+3 MPN/ml at Perrin and #dd7E1 to 9.22E+2 MPN/ml at

York.

Higher abundance aflh andtrh genes were observed in sediment samples compared to
oyster and water samples (F&). Meantdh abundance in sediment samples ranged from
7.10E+0 to 4.60E+2 MPN/g at Perrin and from 4-47%6 9.46E+1 MPN/g at York. Medrh
abundance ranged from 5.63E0 7.2480 MPN/g at Perrin and from 3.18Eto 4.70E+1
MPN/g at York. Meartddh abundance in oyster samples ranged from 356&7.81E+1 MPN/g
at Perrin and from 3.5& to 7.99E+0 MPN/g at York. In the same matrix, mearabundance
ranged from 3.17H to 2.77E+0 MPN/g at Perrin and from 3.1¥fo 2.24E+0 MPN/g at York.
Finally, in water samples, meadh abundance ranged from 7.0@Eo0 3.20E1 MPN/ml at
Perrin and from 3.502 to 3.80E1 MPN/ml at York. Mearnrh abundance in these samples
ranged from 3.00R to 3.20E1 MPN/ml at Perrin and from 3.33Eto 2.00E1 MPN/ml at
York.

f.I Correlation between strains and between matrices

Abundance of totaVp in water and in oyster were found to be correlated (r = 0.520, p <
0.05) but abundance of these strains in the sediment was not correlated to the abundance in other
matrices (Tal#d 4).Levels oftdh measured within each matrix analyzed were correlated with
each other. Farh strains, levels measured in water were correlated to levels measured in
sediment and in oyster.

In oysters, there was no significant association betweahaiotl pathogenip (tdh or
trh) (Table 5). Within the sediment and the water, levelsllofvere found to be significantly
correlated to levels of tot&lp. No significant correlation was observed between levels of total
Vpand levels ofrh.

g.! Influenceof abiotic and biotic environmental parameters

Using GAMMs models and the approach described above, the 2 best nestzlbing
tlh abundance in oystenscluded DONwith a nonlinear relationshipr included DONK.
veneficumandBalanidaelarvae (Fig.10). In sediment samples, the best modetitoincluded
Balanidae larvawith a negative relationshif-ig. 11) and in water samples, the best model for
tlh included DONandDiatoms both with a positive relationship but aBominimumwith a
negative relationshifFig. 12).

Fortdhin oysters, the best model included total suspended solid with a negative
relationship(Fig. 13). The best models describitdjin sediment included eith&. minimumnmor
Polychaeta larvae both with a negative relationship (Fig. 14) and the 2 best mottiisrfor
water included either TS8ith a nonlinear relationshipr salinity and®. minimumboth with a
negative relationshifFig. 15).

For trh in oysters, the l& model included only the Cladocera with a positive
relationship(Fig. 16). In sediment samples, the model descrilithgabundancéncluded DON



with a nonlinear relationship (Fig. ) and in water samples the best models included either
DON or Cladocerdoth with a positive relationship (Fig. 18)

4. Discussion and Conclusions

Based orGAMMs modelsthe identified predictor variables varied with the targeted
strains and matrices. Nevertheless observed thdor eachtargeted gendlf, tdh or trh) some
variables were identified as predictor in more than one matnis. was the case fadh, for
which total suspended solid (Ty®as identified as the predictor variablescribingthe
abundance aidhin oysterswith a negativerelationshipbut alsodescribingthe abundancef tdh
in the wateralthough in this caséhe relationship was not linedn the case ofrh, the only two
variables identified as predictduring the analysis of oyster, sediment and water samjglies
dissolved organic nitraan OON) andthecrustacean€ladoceraFinally, for totalVp, the
recurring variables identified as predictor in the different matrices were DON and Balanidae
larvae(barnacle larvae)'hese observations suggest tloéidl and pathogeniép strains respond
to different environmental factgrisut they also suggest that thepecificabiotic or biotic
factors may influence the abundance of these strains in more than one matrix

In some instances, the obtained models were associated wathaunttes that can be
explained by the overall small number of data points relative to the high number of predictor
variables included in the anaégs The analyss presented here were run with limitegriori
grouping of variables particularfor the phytoplankton and zooplankton. High uncertainties
were for example observed when the identified predictor variables were the phytoplankton
specieK. veneficunandP. minimum or the zooplankton group such as Balanidae larvae,
Cladocera, or Polychaeta lae In these cases, the relationship Wiplwas strongly influenced
by a few high values of the predictor variables. Future data @atyy benefit from additional
grouping of variables to enhance model strength and/or from the collection of addisitaial
enhance the number of values associated with predictor variables

Independently of the matrix, levels tofh strains were overall more elevated at the low
energy site (Perrin) compared to the high energy site (York). Such trend was not observed for
total Vpor for thetrh positive strains, which showed an opposite trentdhavith a tendency to
be associated withigher levels at York compared to Periihese observations suggest that
pathogenicVp strains are diverse not only in terms of their genetic profile but also in terms
of their response to the environmentThe site general characteristics in terms of
hydrodynamics as well as depth, may directly or indirectly influence the dynamigs of
pathogenic strains and may need to be taken into consideration in studies focusing on the
ecology ofVp.

The differences in levels of pathogenip strains also suggetitat the approach chosen
in this study in terms of study sites known to differ in terms of hydrodynamic while being
exposed to overall similar temperature and salinity regime due to their proximity, may foster a
better understanding of the factors inflagrg the abundance dp pathogenic strains in the
environment. Studies focusing on small spatial scale may also help define the spatial distribution
of these strains on scaleslevant to oyster aquaculture and help inform the areas needed to be
tested and potentially closed for harvest cases of outbreaks related to oyster consumption.



Within the studied sites, abundances of tatad pathogeni¥’p weremore elevated in
sediment samples compared to oyster and water samplé&elative higher abundance \ép in
sediment compared to other matrices has been observed at other sites (Vezzulli et al. 2009;
Johnson et al. 2012) suggesting a key role of the sediment in the eco\ggyAodtudy
conducted in Alabama found relative heglabundance &fpin oysters compared to sediment or
water samples (Givens et al. (201Hdwever, liis study was conducted in the winter so the
observed different trend may be related to the sampling season (winter in Alabama versus
summer in this studygr be related to other factaaissociated with thetudy sits.

Compared to previous studies conducted in the York roxaralllevels oftdh andtrh
detected in oyster and water samphethis studywere about 10 t@00 fold lower. Year to year
variability likely occursbut the actual environmental condition driving differences between years
is not known and merit further investigation, especially in the context of risk preditiole
levels of these pathogenic strains were low, our appraagaticular the inoculation ofip tol
g of oyster homogenate or of sedimeand the inoculation afip to10 ml of water(after
filtration), enhancd our ability to detect these low abundance strainand our ability to
describe thie ecology.

While overall abundance of pathogeNipappeared lowthe observethigher rate of
detection oftdh and trh strains occurring in May and Juneespecially in the oyster samples,
was similar to what was observed at these sites previduslyrate ofdetection of these strains
in April can be explained bthe relativdow watertemperature (< 210C) occurring at that time
but the low rate ofletectionobservedater in the summeseem to be related to other factsush
as the one identified using GAMMsodels (see above)

In oyster samplestdh and trh abundances were notorrelated to the abundanceof
total Vp. Theabsence of correlation betwelenels oftotal and pathogeni¢p in oystershas
been observed elsewhere and it is generally thought that pathdgestrains respond to
different environmental conditions compareddtal Vp and/or that levels observed in oysters
are influenced by the oyster its@lePaola et al. 2003; Zimmermat al. 2007; Johnson et al.,
2012; Williams et al. 2017; Flynn et al. 2Q1Bterestingly, levels afdhin sediment and water
were correlated between each other. Although sites differ in their hydrodynamic regime, both
sampling sites were shallow &m), which may explain ik observation.

In conclusion, we showed thiaiking into consideratiohoth biotic and abiotic variables
and the choice of study sites of contrasting hydrodynamic conditions, may foster a better
understanding of the ecology otal and pathogenigpin the environment. Although this study
was limited in its number of sampling time points, it may provide valuable information relative
to the ecology of total and pathogeNigin the lower Chesapeake and may guide the design of
future studies.
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Table 1: Summary of the type of samples collected duhisgstudy.

Data collected during this study Frequency
Total and pathogeni¢pin oyster (MPN/g) Biweekly
Total and pathogeni¢pin sediment (MPN/qg) Biweekly
Total and pathogeni¢pin water (MPN/mL) Biweekly
Phytoplankton species compositiiaxa/mL) Biweekly
Zooplankton species composition (tax&/m Biweekly
Chlorophyll a (1g/L) Biweekly
Phaeopigment (!g/L) Biweekly
Ammonium (NH4) (IM/L) Biweekly
Dissolved inorganic nitrogen (DIN) (IM/L) Biweekly
Dissolved organic nitrogen (DON) (IM/L) Biweekly
Phosphate (PO4) (IM/L) Biweekly
Total Dissolved Phosphate (TDP) (!M/L) Biweekly
Total Suspended Solids (TSS) (mg/L) Biweekly

Water Temperature (0C)

Salinity (psu)

pH

Turbidity (NTU)

Chlorophyll a ('g/L)

Optical Dissolved Oxygen (mg/L)

15 mins interval
15 mins interval
15 mins interval
15 mins interval
15 mins interval
15 mins interval

"%



Table 2: Characterization of the sediment collected at the beginning of the study at each site.

Site Gravel % + std dev. Sand % + std dev. Silt % + std dev. Clay % * std dev.
Perrin 0% 37.4%=* 28.8 40.%6 = 25.0 21.860 % 16.2
York 0% 96.20+ 0.9 1.20+ 1.3 2%+ 0.4




Table 3: Summary of the environmental data values collected by YSI sensors and grab samples
collected approximately eveB/weeks. Values shown were calculated using the data recorded at

time of sampling.

Measured Parameter Site Mean £ std dev. Range
Water temperature (0C) Perrin 27.19+3.34 20.9030.81
York 24.45+ 3.32 18.1527.91
Salinity (psu) Perrin  15.45+ 1.58 13.0817.91
York 16.46+ 1.91 13.8519.37
Turbidity (NTU) Perrin 6.88+ 4.23 2-16
York 10.13+ 4.58 1-15
Adjusted Chlorophyll a (1g/L) Perrin  8.38+ 4.68 2-15
York 8.63+4.74 1-16
pH Perrin  7.65+0.26 7.26:8.03
York 7.83+0.32 7.348.21
Dissolved Oxygen (mg/L) Perrin  5.91+1.53 3.387.25
York  6.14+2.09 2.468.45
NH4 (mg/L) Perrin 556+ 3.49 2-13.60
York 3.27+2.23 0.457.46
DIN (mg/L) Perrin  6.48+ 3.57 2.3014.40
York 5.05+ 3.34 0.7712.08
DON (mg/L) Perrin  28.11+ 6.64 13.8038.80
York 21.71+ 4.40 8.7032.60
POy (mg/L) Perrin  0.51+0.26 0.201.03
York 0.41+0.29 0.181.19
Total Dissolved Phosphate (mg/L) Perrin  0.73+0.41 0.151.61
York  0.47+0.35 0.151.32
Total Suspended Solids (mg/L) Perrin  25.15+ 7.04 16.4740.50
York 24.46+ 8.83 10.0039.33
Chlorophyll a ('g/L) Perrin  16.04+ 7.98 8.9435.96
York 15.94+ 4.28 9.10-25.39
Phaeopigments ('g/L) Perrin  7.15+ 1.89 4.61-11.20
York  8.08+3.05 4.51-14.65




Table 4: SpearmanOs rank correlation coefficient between leMgsnothe different matrices (p
values are indicated such as: * p < 0.05; ** p < 0.01; ** p < 0.0001).

Matrices Vp tlh Vp tdh Vp trh
Sediment& Water 0.434 0.513* 0.500*
Sediment& Oyster 0.004 0.585* 0.398
Water & Oyster 0.520* 0.554* 0.690**




Table 5: SpearmanOs rank correlation coefficient between levels of total and patjpgenic
within each matrix (p values are indicated such as: * p < 0.05; ** p< 0.01; *** p< 0.001).

Oyster Sediment Water
Vp tth & Vp tdh 0.022 0.819** 0.729**
Vp tth & Vp trh -0.237 0.293 0.328




Fig. 1:Satelliteimage showing the location of the
the 2 sites was about 6 kms.
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