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Abstract

Quahog Parasite Unknown (QPX) is a potentially lethal pathogen of the hard clam
Mercenaria mercenarialong the northeastern coast of the United States. In the Raritan
Bay wild clam population, QPX prevalence and infection intensity at three sites were
examined.by both histology amgiantitativePCR in2006. At two of three sites, QPX
infection_showed a seasonal pattern, with prevalence and weighted prevalesasingcr
through'thespring, peaking in the summer and declining in the fall, while at the ather sit
the highest'QPX prevalence and infection intensity were observed in the sgrghlt
overal prevalence at this site was generally low. Our data suggested that temperature
may besaprimportant environmental factor regulating the seasonal pattern of QPX disease
in wild ‘elams but also demonstrated that seasonal patterns vary from site to silbdy poss
linked tothejclam density or other environmental factors. Over-winter sampling and
further investigations focusing on environmental factors, clam density anardatality

as related to QPX infecticareneeded to better characterize and understand the

seasonalitysof QPX disease.

Keywords: Quahog Parasite Unknown, bivalve, epizootic, infection, temperature,
guantitative PCRgPCR

I ntroduction

Quahog Parasite Unknown (QPX) is a potentikdtipal pathogen of the hard clam
Mercenaria mercenariaSince the 1960s, QPX disease has been documented in
aquaculturesand wild clam populations in various locations of the American and
Canadian-Atlantic coasts (Foetlal, 2002; MacCallum and McGladdery, 2000; Ragone
Calvoetal;"1998; Smolowitzt al, 1998;Whyteet al, 1994). In New York State,
mortalities associated with QPX disease were first observed in the summer of 2002 in a
wild clam population in Raritan Bay off the coast of Staten Island (Bbag, 2004),

leading ta the suspension of the Rariay transplant fisheryntil 2005 when the

fishery resumed on a limited basis.

Effective management of hard clam populations and fisheries is hindered by ineomplet

understanding of the factors regulating the occurrence and severity of QPX disease.
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example, there are conflicting reports about whe@feX diseasgrevalencexhibits a
seasonal patterfiragone Calvet al (1998) reported higher disease prevalehging

May in Virginia as compared to other sampling periods,@etiminary observatiain

New York showed prevalence generally peaking during summer, then declining until the
following.spring, suggesting a role séasonal environmental factors in disease dynamics
(Allam'et al; 2005). In contrast, another study by Ragone Cethad (2007) did not
detect'seasonal patterns of QPX diséasdans deployed in New Jersey and Virginia.
Using acompilation of published and unpublished data, Lgbas (2007) werealso

unable to identify any seasonal patterQiaX disease prevalencéemperature, the most
obvious petential driver of seasonal patterns, has recently been shown to strongly affec
both QPX growthn vitro and disease developmemtvivo, although with a different

thermal maximum for each (28 and 13°C, respectively)Rarigaultet al 2010;Dahl

et al 201t Perrigaultet al 2017).

Most of'theravailable QPX prevalence data is from histological examination of clam
tissuesHistopathological surveillance of Raritan Bay clams following the 2002 mortality
event revealed #t QPX prevalence was generally below 10% (Allam and Pawagi, 2005).
Unless large numbers of clams are examined, this low prevateadas detection of
seasonal.(and other) patterns in QPX disstaestically challengingAdditionally,

because QPX lesiomdten display a focal distribution in clam tissues, the histological
technique-appears to underestimate QPX prevalence, yielding a high number of false
negative results if thimfection site is missed e small amount dfssuesection
examinedLiu etal., 2009) The sensitivity of a new quantitative PCR (qPCR) assay
allows'us to detect a relatively low QPX abundance in an aliquot of homogetaned

tissue andeveals that prevalence could be much greater than indicated by histological
examination alone even when the same amount of tissue is examined by both techniques
(Liu et"al*2009). In this study, both histological and gPCR techniques were used to
determineQPX prevalence and infection intensity in the Raritan Bay clam population in

an attempt'to more precisely reveal the seasonal and spatial dynamics of QPX disease.
Materials and methods

Clam sampling and processing
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Clams were collected from Raritan Bay sites RBB2and RB3(Figure 1) on 5

sampling dates at@week intervals from April to September 2006 and at site RB4 in May
and August in 2006, giving a total of 17 groups of clams (~30 clams per group). At each
sampling site, clams were collected by a paterg {total area 1 fper grab). Clam

density was estimated by dividing the total number of live and recently dead (hinged
shells with elean inner surfacelams by the number of grabs. Mortality rates were
estimated by dividing the number of recently deadnsby the total of all collected (live

and recently dead) clams. From all clams collected at each site, 30 clams were
haphazardly selected; multiple grabs were performed to collect 30 live clams when clam
density.was,lower than 30" mClams were immediately placed on ice, transported to the
laboratory,stored at 4 °C and processed within 6-48 hours. For each site, the physical-
chemical characteristics of bottom seawater (temperature, salinity and dissolved oxygen
concentration) wermeasured using a YSI instrument. Depth ranged from 7 to 8m for
RB1, RB2 and RB3 and was 5m for RB4.

Shell size (length and width) and external shell characteristics (e.g. gappsetd)

were noted for each animal. The clams were then shucked and examined for gross
abnormalities in tissuesich as nodules or swelling, which could be signs of QPX
infection.,Each clam was further dissected and diagnosed for QPX infection using both
standard histological techniques and gPCR assay.

Histopathological analysis

For histepathology, a thin cross section (3-5 mm in thicknessaof soft tissue

containing mantle, gills and visceral organs (e.g. digestive glands, stomach, gonad, heart
and kidney), was taken. A transverse slice of tissue from the base of the siphon, where
QPX infections have been suggested to be initiated (Smoletdtlz 1998), and any

visible nodule or swelling tissueas taken as well. The tissues were transferrad to
histo-cassette, fixed in 10% buffered formalin, embedded in paraffin, sectioned at 5 to 6
um and'mounted on slides. The histological slides were stained (Harris’s hematoxylin for

2 min and Eosin Y for 1 min) and examined with a light microscope. The abundance and
distribution of QPX was determined for each of the four tissue types within an umalivid

section (siphon, mantle, gill and visceral mass). Signs of old lesiohgalirig”, as
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indicated by the presence of lesions with dead and degrading parasii@®eéllsnd
Allam, 2007),were also recorded when observed. The @fection intensitywas

scored based on the total number of QPX organisms in all tissue types per slihe sect
as described in Ragone Calkal (1998) as rare (410), light (11100), moderate (101
1000) orheavy (>1000) (no clam was categorized as heavily infectedtblpby in this
study).

Quantification of QPX in clam samples by gPCR assay

For gPCR ‘assay, the mantle and siphon tisages targeted because they repretient
main infeetion sites (Smolowitt al,, 1998). Mantle and siphon tissuesnaining after
histological sampling were drained on a clean paper towel, weighed and pcesehd0%
ethanolat80 °C. To recover DNA, ethangireserved clam tissues were washed twice
using phosphate-buffered saline (PBS) and mechanically homogenized in 10 volumes of
PBS (e.g., 1 g tissue in 10 ml PBS). A 1 ml aliquot of tissue homogenate fromaach c
containing 100 mg clam tissue, was transferred to a 1.5 ml centrifuge tubAor D
extraction. DNA was extracted by following the protocol described iretal (20®)
anddilutedin 100 pl molecular grade water. Onemicroliter DNA (representing 1 mg

clam tissueyas used as template fduplicategPCRreactions. For each sample, a
positive QPX signal was determined by measuring at least 10itQ&¥Xal transcribed
spacetlTS) copies per gPCR reaction aady PCRnhibition effect was corrected for
each sample as described in kiual (2009) Theoriginal abundance of QPX cells in
each clam sample wasencalculatedoy (#QPXinitial xaxb)/(cxdxe) as described in

Liu et al=(2009). For Raritan Bay clams examined in this stu@g Xinitial is the
corrected=number of QPX ITS copies ipnlIDNA template;a (dilution of template in
gPCRassaytypically equals 1 or 10 (total DNA elution volume}quals 150 or 300 pl;

c (target gene copy number) equals 181 copy'rdl{DNA extraction efficiency)s
16.31% (Liuet al, 2009); anae (wet weight of extracted tissuejjuals 100 mg. The
typi¢al,detection limit of the gPCR assay was calculated to be 0.5 céligsnge based

on all clam samples assayed.

QPX prevalence and weighted prevalence
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QPX prevalence in each group of clams was calculatdteagrcentage of QPX

positive clams in all sampled animals. QPX prevalence determinge histological
method is based ohe individuals containing QPX cells in the tissue section examined
by microscopy. QPX prevalence determined by qPCR assay is the proportion of clams

producing.a positive QPX signal in duplicaeCR reactios

To describethe average QR¥ectionintensty determined by qPCR in each group of
clams;QPXnfection intensityin each individual clam was rated based on the estimated
number.of QPX cells in each milligram mantle tissue, from 0 (below detection limit of
gPCRassay), 1 (rare infection, detection limit to 10), 2 (light infection, 11-100), 3
(moderate infection, 101-1000), to 4 (heavy infection, >1001). QPX weighted prevalence
was then calculated by dividing the sum of individual QRf&ction intensityby the total

number of clams examined.
Statistical analysis

Prevalence.and mortality values were arcsine transformed. Pé&std tvere performed

to determine if there was a significant difference between prevalence determined by
histolegical and gqPCR methods for each site. A Spearman Rank ¢orrédest was
performedto examine the correlation between the prevalence data generated by these two
diagnosis methods. Water temperature measured by a nearby USGS weather station
(USGS 01407081 Raritan Bay at Keansburg, New Jersey, Figure 1) up to $3&ettay

the sampling date was tested for titagged correlation with weighted prevalence.
Dissolved.oxygen and mortality were not tested for time-offset correlations due t
insufficient data. All differences were considered statistically significankad.p5.

Results
Environmental conditions

In 2006, bottom seawater temperature at Raritan BayRR&sRB2 andRB3 varied
seasonally from 9.3C to 22.7°C during the study period (Table 1). At SR84, which is
located inside Great Kills Harb@Figure 1) the temperature was up t6@ higher than
the other 3 sites. Salinity ranged from 22.8 to 25.7, and the salinity &Bftevas not
significantly different from the other sites (data not shown). The dissokygen

concentrations of bottomater at site®B1, RB2 andRB3ranged from 12.1 mgtin
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April to 4.7 mg L* in Septembe(Table 1). At siteRB4, dissolved oxygen concentrations
in June and August were up to 4.4 mjless than the average dissolved oxygen
concentration at the otherrée sitegminimum of 2.1 in August), buivere similar tahe

other sites in April, May and September.
QPX prevalence

Fifteengroups of clams (~30 clams per group) collected on 5 sampling dates in 2006
from three Raritan Bay siteRB1, RB2 andRB?3) wereanalyzed by both histological

and gRPCR"methods (Figure 2). At sikB1 andRB3, no QPX was detected by histology
in clams'sampled in April (Figure 2A and 2B) and the highest histological prevdtence
both sites was observed in August (6.6% atRi& and 13.3% at sitRB3), then
decreased-again in Septemb&trboth sites, QPX prevalence determined by gPCR assay
was signifieantly greater than prevalence determined by histology (Studessts t-
p<0.01), but the two were also significantly correlated (Spearman Rank corredation t
p<0.05), revealing a similar temporal patte@iX infection was detected by qPCR in
April (Figure 2D and 2E) with a relatively low prevalence (3.3% atRig& and 10% at

site RB3);=andprevalence reached a peak in Aug28% at siteRB1 and 40% at site

RB3), thendeclinedin SeptemberAlthough these two sites generally showed a similar
temporal pattern, prevalence dropped to 0 by histology (Figure 2A) and 3.4% by qPCR
(Figure 2D) at sit&kB1from May to June, while QP Xrpvalence byistology was
unchanged and yPCR almost tripled at siRB3 (Figure 2E) during the same time

QPX prevalence determined by histology showed a different temporal patterrR 3ite
(Figure 2C), with the highest prevalence (13.2%) in Agomdl the lowest in August. As at
sitesRB1 andRB3, gPCR assay detected a significantly higher prevalence (Student’s test,
p=0.012) than histology at siRB2. Although the correlation between qPCR prevalence
determined by histology and gPCR was not stesily significant, the seasonal pattern

was similar;"with the highest (20.728.3%) prevalence detected by qPCR in April and
June, fellowed by 13.3%-13.7% in May and August, and 10% in September (Figure 2F).
The QPX prevalence determined by gP&Rite RB2 showedless variation over time

than sitesRB1 andRB3.
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Clams collected from sit@B4in May and August (30 clams per group) were also
examined by both histological and gPCR assays. No QPX infection was detected in thes

clams by either assay.
QPX.infection intensity

Like prevalence, the average QRXection intensitydetermined by gPCR, evaluated by
weighted prevalence, showed a similar temporal pattern aRttandRB3 (Figure 2D
and 2E). At both sites, weighted prevalence increased fromtApiigh August

reflecting changes in both prevalence arfdction intensity(except an interruption by

the de@ine"of QPX prevalence in June at dRB1). Weighted prevalence was lowest in
April when only rare QPXnfection intensitie§0.5-10 cells mg tissue) were detected in
QPX-peositive clams. Weighted prevalence increased in May, due to the appearance of
moreclamswithgreaterinfection intensities (1100 and/or 101-1000 cells Mgissue)

and reached its peak in August when more QieXHive clans were detected, including
some with heavy infection intensities (>1001 cells'rtigsue). From August to
September, weighted prevalence declined as no heavily infected individuals were
detected-and rare to moderate infections were also detected ircfamer It should be
noted that weighted prevalence dropped to the same value in September at both sites,
thoughclams at sitdRB1 exhibited a lower prevalence, but with heavier infections than
clams at sitd&RB3.

The pattern. of QPXnfection intensityin clams at sitdRB2 wasdifferent from siteRB1
andRB3(Figure 2F). Weighted prevalence was highest in Aprdugh June. From June
to August, in contrast to the increasing weighted prevalence observed RiBsitesd
RB3, clams at sit®RB2 exhibited a derease in QPXnfection intensitydue to the

absencef detection of moderately and heavihfected clams.
Relationship of QPX disease to environmental conditions

Correlation analysis showed different lag times between QPX weighted prevalence
determined by qPCR and water temperature at each site (Bjgditee best fit
(maximum R) at siteRB3 (R°=0.961) had no time lag, and the best fi<&6) at site
RB1 had a 0 to 30 day laghile QPX weighted prevalence at SR82 was best
correlated with the temperature 120 days before the clam sampling 8=0¢9§8).
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Dissolved oxygen concentration and mortality recorded on the sampling date were not
significantly correlaéd with weighted QPX prevalence at any site (data not shown).

Discussion

Hardclams at Raritan Bay sstBB1 andRB3, except for the June sampleRid 1,

showed an increase in both prevalence and intensity of QPX infection from spoing int
summerand then a decline into the f@figure 2). This pattern was consistent with the
seasongpattern in QPX prevalence determined by histological analysis at the sagne site
from 2002 te 2005 (Allam and Pawagi 200Bcreases in infection intensity presumably
reflect progression of infections from lighter to heavier, while increases in prevalence
could reflect either the acquisition of new infections or the progression of previously
undetectable infection®ecreases prevalence and infection intensity could reflect the
death ofsheavily infected clams, the partial or complete healing of infected clams, or a
combination of both. The direct relationship between weighted prevalence and current or
recent (up to 30 daysipr) temperature for sites RBand RB3Figure 3) suggests that
temperature may be an important environmental factor regulating sepsmyralssiorof
QPX.disease€This is not surprising since temperature is well known to modulate host-
parasite inteéraadns in several bivalve species such as the ogstgsostrea virginica
(Audemardet al, 2006; Burreson and Ragone Calvo, 1996; Oktel., 1998; Ragone
Calvoet al, 2003), the clarRuditapes philippinarur(Paillardet al, 2004) and the
cockleCerastoderma edul@esclauxet al, 2004). In the specific case of QPX,
Perrigaultet al (2010) found thain vitro culturedparasite cellgrewbestin the range
between.17.anéd3 °C. In contrast, laboratory experiments have shown higher QPX
diseasespngalence and intensity in clams kept at 13 °C for 4 months as compared to
thosé"held at 21 °C or 27 7@s well as a reduction of QPX prevalence in clams
transferred from 13C to 21 °C(Dahlet al 2011 Perrigaultet al. 2011), indicating

major effect.oftemperatur@n clam immunity and resistance@®X disease

Importantly, in laboratory investigations, several months were needed for QPX to
establish histologically detectable infections and progress to mortality ¢Dahl2008,
Dahlet al, 2011).Consistent with these laboratory results, at site$ &l RB3QPX
infections became more numerous and intémsrigh late spring and early summer,
when bottom water temperature was below 21 °C (TablsHile QPX infections
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became less numerous and intensetasRB1 and RB3 from August to September (Fig.
2), when bottom water temperature was above 21 °C (Tabl the same time that
development of QPX disease is slower alaans with lighter infectionsanheal at

warmer temperaturg®ahl et al, 2011; Perrigaukt al, 2011) clams with heavier
infections.may die because of the combined effect of QPX infection and natural stressors
such as.increased metabolic demands at higher tempefatueasingnetabolic
demands‘during summer have been recognized as an aggravating factor for infectious
diseases‘in‘several marine mollusks such as abalone (Teaar2008) and oysters (Li

et al, 2009; Samaiet al, 2007; Sauvaget al, 2009. Mortality washigher at both RB1
and RB3 imAugust than in September (Table 1). Thesabsence of clams withe
heavestinfections(by gPCR)in the September sample could be related to the death of
the most severely infected clamesent in August. The concurr@gtcrease in clams

with all intensity levels of infection coulasoreflect healingf lighterinfections.

The generalpattern of QPX prevalence and weighted prevalescdifferent asite

RB2, where the highest QPX prevalence and infection intensity were observed in April to
June (Figure 2)The relationship between weighted prevalence and temperature was also
different'at.site RB, with the best correlation found with a 120 day lag (Figure 3). It is
unclear.what might cause two different seasonal patterns in three sampling sites which
experienced similar environmental conditions, but itegpp that some other factor(s)

were moresimportant tharecenttemperature at RBRB2 had greateclam density,

estimafed as 90 clams“wersus30 clams rif or less at th&®B1 and RB3Table 1).

Positive correlations between clam density and QPX prevalence have been reported in
wild (Allam and Pawagi, 2004) and cultured (Fetdl, 2002) clam populations. Lyons

et al (2007)/also suggested that clam density could be important in the transmission of
QPX, and'Dahl and Allam (2015) showed a reduction in QPX disease prevalence

field studyafter clam density was experimentally reducktsite RB, infection

acquisition and progression may start earlier beedhe higher clamensitymay
increaseéhe*chances of QPX spreading from one clam to another. Physiological stress
associated with high clam density may also result in less healing@medrapid disease
progression, which may cauQ& X-infectedover-winter survivors to more quickly

develop the heavier infections found in April samphlertality at RB2 in April was the
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highest recorded (Table 1), with over 20% of the recovered shells from recetly dea
clams, consistent with greater stress and disease at thiswutiiee studies that include
sampling during the late winter/early spring months would be requirexataine these
possible differences between sit&verall, our findings may indicate that site RB
serves as.a reservoir for QPX, alligh this scenario remains highly speculative until a
higher resolution picture of disease pattern between fall and the next spring istestiabl

Interestingly, QPX disease has not been detected in this study or in previous surveys
(over 800clamsprocessed by histopathology; Allam, unpublished data) at site RB4,
which is located in a relatively shallow embayment (Great Kills Harbor in Staten Island,
NY) and harbors a very high clam density (~370 clams m-2) (Figure 1, Table 1). During
our sampling in 2006, water temperature at site RB4 was always higher, and dissolved
oxygen congcentration was lower in summer, compared to other sampling sitesan Rarit
Bay. Highrtemperature at this siteay be related to the lack of diseas&eprevious
experimentidatashoweda reduction in disease prevalence and intensity when clams are
exposed to chronic or acute pulses of increased temperahikef al. 2011; Dahkt al,,

2015 Wanget al, 2014).Neverthelesghe factors that impede transmission of QPX or
enhance'the resistance of clams at this site are worth further study.

Significant mortalities from epizootics of QPX disease have been observed in hard clam
aguaculture plantings in parts of Atlantic Canada, Massachusetts, New Jersey and
Virginia (Lyonsetal., 2007; Ragone Calwvet al, 1998; Ragone Calvet al, 2007;
Smolowitzet al, 1998). Previous field observations in the Raritan Bay area reported high
clam mertality associated with severe QPX infection during summer (Eicale 2004).
Altheugh:th@&e were some intriguing patterns in the mortality data (see ahmxazpll,
clam"mortality estimated during sample collection was not significantly correlated with
QPX prevalence or weighted prevalence at any site (Spearman Rank correlation test).
Moreover, there was no significant correlation between mortality and any enemtam
parameter, including temperaty@irrent or previous) and dissolved oxygen (data not
shown). Thdifferences irestimated clam mortalitgetween RR and RB3 in May and

June, ad low estimated mortality in September at all sites (Table 1), suggest that other
factors affect either mortality itself or our ability to estimate mortalitig difficult to

estimae hard clam mortalityn the field moribund hard clams tend to rise to the
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sediment surface, but the time required for ginecess isinknownand mayvary
seasondy; additionally,the fragile shells of some small dead clams may disintegrate
quickly and be lost from mortality counts by the time of sampling. Even in previous
studies (Ragone Cahat al, 2007; Kraeuteet al, 2012) usingaquacultured clams
where mertalitiesrerelatively easier tapproximae, there was still no definitive
relationshipoetweerQPXinfection and mortalityhigh mortalitywasoften found
associated'with low QPX prevalence and intensiigggesting tt clam mortality could
be he result'otomplexinteractiors of QP X infection with stressful environmental

conditions anfbr other unidentified factors.

Our data showed seasonal patterns of QPX disease in wild clams but also demonstrated
that the seasonal pattern may vary from site to site, possibly linkeddath&ensity

and mortalityin the field. It is impossible to compare our results to previousestudi
becausenoprior seasonal surveys of QPX infections in wild clams exist. Previous studies
in aquacultured clams did not show a clear seasonal pattern in disease development in
different clam strains planted in experimental plotslassachusett®yew Jesey and

Virginia (Ragone Calvet al, 2007 Kraeuteret al, 2012), although differential

susceptibility of various clam strains toward the infection may confound disease
development patterns as suggested by the findings ofdDahl(2010). Another fetor

that may lead to different disease patterns in the aquacultured stocks nddmjtore
RagonesGalvet al (2007) is clam density, which was more than 500 clam&+80

times higher.than the natural clam densities in our QB3tive Raritan Bay sites.

Further experiments focusing on environmental factors, clam density and claatitynort

as related to disease prevalence and intensity will be important to differentiate the factors
responsible for differences in transmission and development of QPX disedesms and

to better'characterize the seasonality of QPX disease.
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Figurellegend

Figure Twlkocations ahe Raritan Bay (RB) sampling sites south of Staten Island (NY).

The star indicates the location of the USGS weather station at Keansburg, New Jersey.

Figure 2. QRX prevalence and infection intensity determined by histopathology (A, B, C)
and gPCR assay (D, E, F) at site RB1, RB3 and RB2. Numbers in stacked columns
represent the percentage of clams with different infection intensities determined by each
method:TFhe total prevalence determined by each method is the sum of all numbers in the

columnx The number on the top of each gPCR column indicates the weighted prevalence.

Figure.3#® values for correlation between average daily water temperature and QPX
weighted prevalence determined by gPCR assay at three sampling locations in Raritan
Bay. Temperature used is daily mean value for each day for the previous 6 years
(calculatedyfrom 10/01/2000 to 09/30/2006), measured at USGS 01407081 Raritan Bay
weatherst@on at Keansburg NJ (Figure 1)
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Table 1. Characteristics of sampling sites in Raritan Bay (RB), New York, in 2006

Dissolved oxygen concentratior _ _ Historical
_ Bottom water temperature (°C) L Estimated clam mortality (%) Clam
Sampling (mg L) , QPX
_ density
site prevalence
a (clams/nf)®
Aprf »May Jun Aug Sep Apr May Jun Aug Sep Apr May June Aug Sep (%)°

RB1 96 #1565 20.7 226 213 121 57 52 6.2 47 6 11.3 103 98 15 30+14 9.2+6.6
RB2 95 15 204 227 22 120 6.1 49 58 75 233 132 102 92 11 93+21 6.7+7.1
RB3 93 155 20 223 224 113 73 50 76 88 49 24 0 10 0 14 +4 42+4.4

RB4 103165 24 242 226 101 60 23 21 89 nd 57 23 nla nla 369152 0

4The aettial sampling dates were April 11, May 17, June 9, August 9 and September 19 in 2006.

P Average estimated density (Mean + standard deviation) over all sampling dates in 2006. Clam density was estimated ;gs (# clams

+ #Clamnew|y deaa/# grab.
¢ Average histological QPX prevalence (Mean *+ STD) over all samples from 2002 to 2006; data from Allam and Pawagi (2006).

4 mortalify-data not available
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