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ABSTRACT

Summer mortalities of the adult Pacific oyst€rassostrea gigas are an important economic
concern. In 2015 and 2016, the mortality of hatglegigin spat comprising 4 diploid batches
and 9 triploid batches as well as 12 batches af walught diploids was followed at 3 sites in
Normandy. Abnormal mortalities (> 20%) were obsdrva one site only and were
significantly higher in triploid animals (P < 0.09)riploid oysters are believed to be partially
sterile but a high level of gametogenesis was eBskein all monitored triploid batches. In
2015, preliminary results revealed that triploids®ys underwent strong gametogenesis with
mature gametes (stage 3) and 50% of them were edurped (i.e. named alpha). In 2016,
42% of triploid oysters were alpha. This study eded that triploid oyster maturation

occurred in September, which corresponded to the &@f high mortalities in Normandy.

Keywords: Crassostrea gigas, triploid, mortality, gametogenesis
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INTRODUCTION

Mass mortalities of Pacific oystelSrassostrea gigas have occurred since the 1950s in
different countries including Japan, the Unitedt&aand France (Glude 1975, Perdue et al.
1981, Costil et al. 2005). The causes remain undbed a multifactorial etiology is suspected.
Since 2012, an upsurge of mortality of adult oystan the French coast has been observed.
The most important extrinsic factor seems to be phesence of the pathogeribrio
aestuarianus (Francgois et al. 2013, Francois et al. 2014, Fomn2015, Garnier et al. 2007,
Vezulli et al. 2015, Goudenége et al. 2015) butrisic factors such as gametogenesis and
spawning may be important. The influence of repotidm on oyster mortality has been
reported by several authors who inferred metatzoiat physiological disturbances, sometimes
associated with gonadal maturation (Tamate et @51 Glude 1975, Maurer and Comps
1986, Huvet et al. 2010).

Triploid animals have partial or complete gonadatikty (Benfey, 1999). The reduction of
gametogenesis in triploid oysters enhances theiketability during the reproductive season
and improves meat quality (Nell, 2002). These rdpative cells present some perturbations
in their development. In 2010, Jouaux et al. eghbd a classification to determine the
gametes disorders of triploid oysters.

Until 2008, several methods were available to peedtriploid Pacific oysters, including
artificial induction that involves chemical treatteor physical stress (Allen and Downing
1986, Yamamoto et al. 1988, Gerard et al.1999).tlheromethod, which was patented in the
USA with licenses for the EU (Guo and Allen, 1988pnsists of crossing gametes from
induced tetraploids and normal diploids (Guo ani@i\l1994, Guo et al.1996, Eudeline et al.
2000). The tetraploids were produced first by dragdriploid females with diploid males,

and blocking the first phase of meiosis.
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The induction method usually has a success ra8®-&0% (Guo and Allen 1994, Guo et al.
1996) whereas the tetraploid technique can theailbti produce 100% triploid embryos.
Unfortunately, the induction method and tetrapl@dhnique (Guo and Allen 1988) could
also produce fertile triploids in 2% and 13.4% pexgively (Benabdelmouna and Ledu 2007,
Benabdelmouna et al. 2007n order to avoid this risk, two new methods tmduce
tetraploids were patented in 2007 (Benabdelmourth Lazdiu 2007, Benabdelmouna et al.
2007). The authors observed a mixture of diploid, tripl@dd tetraploid larvae after the
classical first induction on diploids. Tetraploidrfae were smaller than other larvae and
usually died in the mixture but when separatedibyiisg and reared alone could survive to
become new adult tetraploids.

In 2012, oyster farmers throughout France repottigther mortality among adult triploid
populations ofC. gigas in comparison to diploid stocks. (Pers. communighis was in
contrast with the results of a multidisciplinarydy conducted between 2001 and 2006 in
which triploid oysters suffered low mortalities dte greatly reduced gametogenesis and
higher potential defense capacities than diploichats (Samain and Mc Combie, 2008).

In this study, the gametogenesis of 9 triploid bat in Normandy was analyzed and
monitored for 2 years with a control of ploidy feach animal studied. Experiments were
conducted between March 2015 and November 2016thétfollowing objectives:

(1) To study the effect of ploidy (diploigs triploid) on survival during the oyster breeding
cycle.

(2) To study gametogenesis stage of triploids duniortality monitoring.

MATERIALS AND METHODS

Animals
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Twenty five batches of oysters of different origind ploidy (Table 1) were studied: 12
diploid batches from natural capture in the Mares@®&ron bassin (Charente-Maritime,
France) and in the Arcachon bas&Bironde, France), 4 diploid batches from 3 hatiesefA,

B, C) and 9 triploid batches from 5 hatcheries By,C, D and E). These batches were
received between™January and 12May 2014 and were placed at 3 sites in Normandy
(Meuvaines, St Vaast-La-Hougue, and Géfosse-Fontenfigurel). Upon receipt,
approximately 30,000 units per batch were dispatdbeeach of three sites in 2014 (3 bags
per batch and per site). These oysters were redi-dxdttom in culture bags on iron tables, in
exactly the same manner as commercially-grown oysfduplication, screening...) and
remained on each site for the duration of the stid2015 and 2016, an average of 2,500 and

600 per batch per site were kept, respectively.

Characterization of batches

Upon receipt, the ploidy of oysters was identifigdanalysis of 10 individuals per batch by
flow cytometry (Gallios Beckman Coulter, Flow cytetric technical platform, SF ICORE,
Caen). Part of the gill was sampled and storedharel solution (70%) at -20°C until the
next step. One square millimeter of gill in ethasolution (70%) was homogenized (Dounce
all glass tissue Grinders) and filtered (80 pmégliminate coarse particles. Cells were stored
at -20°C. Subsequently, samples were centrifug@®@® g for 1 minute and the pellets were
suspended in 1mL sterile artificial seawater (perol reverse osmosis purified water: 23g
sodium chloride; 1.49g potassium chloride; 0.3gicah chloride; 1.23g Magnesium sulfate
heptahydrate) for 5 minutes at room temperatureipbess were again centrifuged at 2000 g
for 1 minute, pellets were suspended in 500uL afpjlium iodide solution (propidium
iodide (0.05mg/mL); RNAse (0.02mg/mL); PBS 1X)) astdred for 15 minutes in the dark at

room temperature. 10 000 single cells per samplee vapalyzed by flow cytometry with



126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

fluorescence detected at 610 nm (FL3). Ploidy efitidividual cell was determined from the
histogram of single cell number on a linear scalring the second and third year of the
study, the same process was used to determinddiuy pf each sample for gametogenesis
analysis. Animals with unexpected ploidy were régaras “unexpected”. Between 10 and 80

individuals per batch were analyzed per year fr@i42to 2016 (table 2).

Dynamics of mortality

A mortality count on each batch per site was cotetlceach month from March to
November. For this purpose, each year in Febrdeogn among all individuals in a batch on
the foreshore, 100 individuals were randomly selgéend placed in an oysteag. Mortality
rates were determined by counting dead and morilvsritealthy animals in the bag each
month. The dead and moribund individuals were resddvom the oyster bag each month. In
the case of abnormal mortality (>20%), samplesnviduals analyzed in 1 pool) were
systematically sampled from the 3 sites at the tifrthe monthly count to detect the presence
or absence 0¥. aestuarianus.

In 2016, environmental monitoring was conducted thlgrby analyzing samples of seawater
collected from the 3 sites.

DNA extraction was performed with QIAmp DNA minit& (Qiagen, Courtaboeuf, France)
according to the manufacturer's instructions u&fgmilligrams of fresh oyster tissues for
each pool of the molluscs and for 100 pL of thdegpedbtained by centrifuging 500 mL of
seawater at 10 000 g for 30 min. Elution was peréat in 60uL of buffer AE provided with
the kit. An extraction process control was includied evaluate contamination between
samples. A real-time PCR assay, based on TagMaci@odogy (Applied Biosystems) was
carried out for the detection and quantificatiortredf amount oV. aestuarianus DNA copies

in the extract. This was based on amplificatiopait of thednal gene, encoding heat shock



151 protein 40 (Saulnier et al. 2009). The primer paidnalJ- F (5
152 GTATGAAATTTTAACTGACCCACAA 3) and dnalJ-R )
153 CAATTTCTTTCGAACAACCAC 3) with the dnaJ-probe 5’
154 TGGTAGCGCAGACTTCGGCGAC 3’) was used. The reactiamtume of 25uL contained
155  12.5uL of Takara Premix Ex TaqTM 2X (Takara Bio Inc.,igh Japan), 0.nL of each
156 primer (20uM), 0.5 uL of probe (10uM), 9 uL of DNA/nuclease-free water, andy2. of
157  extracted DNA. The thermal cycling profile consistef 95°C for 10 s followed by 40 cycles
158  of 95°C for 5 s and 62°C for 30 s and Real-Time R@R performed with a Smart Cycler®
159  (Cepheid, USA).

160

161  Characterization of gametogenesis by histology

162  Histological assessment included observation oflgeand the stage of gameteogenesis. This
163  was done on all triploid and diploid batches froatdheries and on 1 wild caught diploid
164  batch (control) from Meuvaines and Géfosse in 28d& 2016, respectively. Ten individual
165 oysters per date and batch were randomly sampled/ édwo months between March and
166  November. Transverse sections (5 mm) cut in thimiycof gill-palp junction were fixed in
167  Davidson’s solution (48h; 10% glycerol, 20% formetigtdde, 30% ethanol (95%), 30% sterile
168 sea water), dehydrated and embedded in paraffin $#@ations of 5 pum were then prepared
169 for subsequent treatments. One slide per samplestasized by the Prenant-Gabe trichrome
170 method (Gabe, 1968). Stage was determined accotdirtdeude Berthelin et al. 2001. A
171  triploid classification (Jouaux et al. 2010) wasoalised to identify perturbed, beta, and non-
172 perturbed, alpha, reproductive cells.

173

174  Statistical analysis
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ANOVA was performed to determine significant ditfeces between sites in 2015 after log
transformation of adult mortality rates. In 201&wrdata did not follow normal distribution
and a Kruskal Wallis test therefore was employdddént’s t test after log transformation
was performed to compare survival rates betwegsoid and diploid batches in 2015
whereas a Wilcoxon Mann Whitney test was employaddata from 2016. A Wilcoxon

Mann Whitney test was used to compare gametogedatsis

RESULTS
Characterization of oyster batches
In 2014, there was homogenous ploidy within a hatkcept for batch 21, which was

composed of diploid and triploid individuals in edimumbers.
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During the second year, only 7 batches presentedlyplresults in line with what was
expected (5 triploid batches, 1 diploid hatcherg andiploid from wild caught). Among the
heterogeneous batches, batch 21 presented a majbritnexpected animals (i.e. 55% of
diploids) similar to the first year (Table 2).

In the third year, 3 batches out of 14 had the etgqueploidy (2 triploid batches from hatchery
A and 1 triploid batch from hatchery D) and for first time a triploid individual was found
in the control wild caught batch (batch 8).

In view of these results, all wild caught batchesf Meuvaines and St Vaast-La-Hougue
sites were analyzed by flow cytometry in Decemb@i&and March 2017, respectively.
Among these 736 samples, 10 triploid individualsrevéound, including 6 individuals in
batch 14 and 1 individual in each of batches @24 from Arcachon and batches 14 and 17
from Charente.

Overall in 2014 and 2016, there were abnormal tegat 12.8% of 749 samples of triploid
hatchery stock, 3.8% of 522 samples of diploid lheitg stock and 1.4% of 736 samples of
wild stock. The proportion of inconsistencies wagsgicantly different between triploid and
diploid batches (p< 0.05).

The hatcheries did not have the same level of isistency. Hatchery D had 100%
homogeneity (130/130). Hatchery E was inconsistevith 62.4% (93/149) of deviant
animals.

Hatchery A produced 2 batches with the triploidyeraeaching 100.0%, as was expected
(batch 1 had 170/170; batch 2 had 138/138) whebatsh 19 was inconsistent for 6/139
individuals. This hatchery also provided 2 diplddtches (batches 3 and 18) that were

heterogeneous, with 7.0% (9/129) and 4.7% (6/12@pnormal results, respectively.
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Hatchery B provided 2 batches of triploid animakat¢hes 4 and 25) with a rate of
inconsistency of 2.3% (3/128) and 20.7% (31/15&3pectively. The diploid batch contained
3.1% (4/127) of unexpected animals.

Hatchery C provided 2 batches of triploid animdmt¢hes 13 and 20) with a rate of
inconsistency of 4.3% (6/139) and 1.2% (2/139),peetively. The diploid batch (12)

contained 0.7% (1/139) of abnormal results.

Batches that contained unexpected animals wereuesiioom the gametogenesis monitoring
in order to have a true evaluation of gametogenast®rding to ploidy. In the same way,

batches 21 and 25 were removed from the mortality evaluation.

Mortality dynamics

Mortality dynamics were monitored for all batches the 3 sites (Figure 2) except at
Meuvaines in 2016 when some bags of oysters otifa@tion tags were lost due to weather
conditions.

From September to November 2015 and in August 28k6prmal mortalities (higher than
20.0%) were observed in some batches but onlyeaG#fosse site. The mortality rates ranged
from 15.0% to 55.0% in 2015 and from 18.0% to 54i6%016.

In 2015, triploid oysters presented a level of midgt that was significantly higher than
diploids (P < 0.05)in November, the mortality reached 43.0% for trigloysters and 27.0%,
for diploid oysters (Table 3).

In 2016, a similar significant difference was olveer at theonset of the mortalities in August,
being 25.0% for triploid batches and only 12.0% fobe diploid batches (P < 0.05). In
September, the recorded mortalities were on aveB%@% for triploids and 23.0% for

diploids.
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In case of mortalities/. aestuarianus was systematically detected.

Monthly seawater analysis showed tWatestuarianus was present on sites from May, when
mortality rates were less than 10.0% at all thites sPathogen loads reached 2.3X1G/500
mL in July on the sites of Meuvaines and Géfossewithout triggering mortality at the

Meuvaines site.

Histological monitoring of gametogenesis

In 2015, gametogenesis was monitored on the Measasite. As no mortality was recorded
on this site, gametogenesis monitoring was condumtethe Géfosse site in 2016.

In 2015 and 2016, in March, our control (batch &swmainly in stage 1 (90.0%) and
therefore began its gametogenesis cycle (Figuret3hould be noted that in 2015 the
hatchery batches were delayed compared to theatpag only 55.0% of the diploid batches
and 51.4 % of triploid batches were at this stdgigure 3). This delay was not observed in
2016; 87.5% of the hatchery diploid batches an@%vof triploid batches were at stage 1
(Figure 3).

In May the control batch was in stage 2 (80.0%0&4%2and 77.8% in 2016). Unlike 2016, in
2015, hatchery batches were slightly behind witly @%.0% in 2015vs 84.2% in 2016 for
diploid batches and 49.9% in 20%5 68.6 in 2016 for triploid batches being at thiagst
(Figure 3).

In July in both years, stage 3 was present in 20@0batch 8 animals (control). For diploid
hatchery batches, this stage was present in 812615 and in 100.0% in 2016. A delay in
the evolution of triploid gametogenesis when coragawith diploid animals was also noticed
in July 2015 (only 8.9% reached stage 3). Thisydelas less in 2016 (53.0% were in stage

3). For both years, triploids were significantlsdeadvanced than diploid animals (stage 3
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rate, p <0.01). We observed that at this stage 22l§% of the triploid animals were alpha in
2016 when compared with 2015 (29.0%).

In September 2015, 50.0% of the control animalsvetra resorption stage (stage 4), and the
hatchery batches were late when compared withdh&a (batch 8) because only 36.9% of
diploid batches and 11.4% of triploid batches watethis stage. In September 2016, all
batches showed delayed gametogenesis: 100.0% ofathteol batch, 97.5% of hatchery
diploid oysters and 52.4% of triploid oysters wigrstage 3.

In November, the control batch was mainly in queese with 50.0% of the individuals at this
stage in 2015 and 67.0% in 2016. In 2015, the ntgjaf hatchery diploid and triploid
individuals were at stage 0 with 62.5% and 58.686pectively, and like the control batch,
began a new cycle, stage 1 (Figure 3). In 2016,ntlgrity of diploid hatchery batches
(68.7%) were also at stage 0. Only 42.5% of th@did individuals were at this stage, but
some individuals continued their cycle with a dedace individuals at stages 2, 3 and 4 were
also observed.

Of all the triploid individuals whose cell blockingas identifiedalpha individual ratio was
significantly higher when compared with beta indivils with respectively 64.0%s 36.0%

in 2015 and 52.3%s 47.6% in 2016. Moreover, the percentage of triptoanimals in stage

3 was 50.0% in 2015 and 42.0% in 2016.

In July and September 2016, the same batches \erpled from Meuvaines to assess the
site impact on gametogenesis. For the control batchdiploid hatchery batches, a similar
profile was observed at both sites on both sampdiaes. In July, on Meuvaines, triploid
batches had significantly more advanced gametogertean on Géfosse (P<0.05). In

September, the progress of gametogenesis wasadeatiboth sites.
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The sex ratio kinetics was monitored on two siddspvaines in 2015 and Géfosse in 2016.
Both diploid and triploid oysters showed high ratdssexuate individuals from May to
September (Figure 4).

The percentage of sexually differentiated individuaas significantly higher in diploid
oysters than in triploids, 63.5%s 53.0% in 2015 (P<0.05) and 75.20% 52.0% in 2016
(P<0.005) (Figure 4). In the two groups consideredles were predominant in 2015 (44.3%
malesvs 22.2% females in the diploid group and 43.5% med%6% females in the triploid
group (P< 0.05)) (Figure 4). In 20186, little difterIce was observed (39.1% ma¥es36.1%
females in the diploids and 25.7% male26.3% females in the triploids) (Figure 4).

The percentage of hermaphrodites was significahidjer in 2016 for triploids (P<0.05)
(1.3% (2/238) in the diploidgs 7.1 % (22/311) in the triploids) whereas in 20 bbdifference

was observed between diploids and triploids (0.8f248)vs 2.9% (10/345), respectively).

In July and September 2016, the same batches aleza from Meuvaines to assess the site
impact in sexually differentiated individuals. Ribie control and hatchery batches, the same

profile was observed at both sampling dates.

DISCUSSION

Characterization of batches

In this study, some discrepancies between the ¢éxgeand the observed ploidy for some
batches were revealed. In 2014, these discrepam@es confined to batch 21. This low
frequency of discrepancies measured in 2014 coaldinked to the number of analyzes
performed per batch (only 10 individuals), whichynrfeave been insufficient. In the second

year of the study, more individuals per batch wettglied and the discrepancies were brought
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to light. The variation in the proportions of insstencies from one year to the next was the
same, irrespective of the specified ploidy of tlaéch. The incoherence rates of the triploid,
diploid hatchery and wild batches were 12.8% (7d®les), 3.8% (522 samples) and 1.4%
(736 samples), respectively, with a more pronoundestrepancy in hatchery oysters
(P<0.05).

Concerning triploid batches, these discrepanciagdcbe explained either by a hatchery
traceability problem, or by their manufacturing gges. Numerous studies have shown that
depending on the process employed, the succestrdteloid production could be random
and not give 100.0% triploid production (Allen aBdwning 1986, Yamamoto et al. 1988,
Guo et al. 1992, Gerard et al. 1999). These distr@ps could be explained by a reversion
mechanism where triploids revert to a diploid stagea loss of chromosomes (Allen et al.
1996, Allen et al. 1999).

For the hatchery diploids as with triploid batchiaceability could be a concern. A delay in
hatcheries fertilization may also increases the afstriploid. In this case, the polar body may
not be expulsed, which would induce a high triplpidduction rate (Glover et al. 2015).

On the wild oysters, 736 oysters were analyzedl@ngere incoherent, (1.4%). Although this
number is surprising, American scientists repodeti3% risk of obtaining triploid animals
after diploidC. gigas oyster crossing (Guo et al. 1992). This obsermatvas also observed in
fish farming due to an extended oocyte fertilizatiome. Surprisingly, the "biovigilance"
network (French network providing quantifiable infation on the presence of "triploid or
tetraploid” polyploid oysters in areas where "nakuspat recruitment occurs) did not observe
polyploid animals in the environment before 2014ew a triploid spat was first detected by
this network (oral communication Benabdelmouna,4300Dur observation and the 2014
"biovigilance" campaign showed that triploid anisiatould occur naturally in the

environment.
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Mortalities dynamics

Of the three studied sites, only the Géfosse siteadlbnormal mortality rates. Mass mortalities
have been recorded at this site since 1994 (Goyi86), which is described as a high
carrying capacity ecosystem. Adult oyster lossetiatsite reached 35.0% in 1997 and 51%
in 1998 (Fleury et al 1999). In our study, mortatas observed, but especially in adult
triploids (55.0% in 2015 and 54.0% in 2016 for sdmaéches).

Field studies orC. gigas summer mortality have been conducted in Francarfany years
(Soletchnik et al. 1999, Royer et al. 2007) but fetwdies have compared the mortality
between triploid and diploid oysters. The effecplafidy on the mortality of adult oysters has
been studied only through experimental infectiomsl &volved only small numbers of

individuals (Dégremont et al. 2014, Azéma et all&)0

Géfosse is an estuarine site with regular raing&ilidies have shown that triploid oysters were
underperforming at low salinity sites when compasétth all diploid lines. Their performance
was similar to selected diploid lines at moderatingy sites (Callam 2013). Low salinity
may also influence the resistance of triploid ogstey mortalities.However, this would

indicate that these triploids have adaptation mwisl when compared with diploids.

In the Morest project (Samain and Mc Combie 20@G8)normal mortalities were also
observed at the Géfosse site, where triploid ogsteare more resistant than diploid oysters.
The difference in mortality reported in this studsas explained by reduced reproductive
development that conferred resistance to summetafit@s. However, in our current study,
certain batches of triploids reached an advancadesof reproduction and some suffered
mortalities in a similar way to diploids. Mortalityutbreaks appeared when oysters were in

gonadal maturation (Berthelin et al. 2000, Gagnaireal. 2006) and increased mortality
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occurred when the gonad was most extensively dpedloThe peak of mortality coincided
with the spawning and post spawning periods whengibnadal volume began to decrease
(Royer et al. 2007).

Gagnaire et al. 2006, showed that triploids preskthe highest values for several hemocyte
parameters and the lowest mortality rates, witfedihces between triploids and diploids at
the highest during the ripe gamete period. In gtigly, we observed a converse situation,
where triploid mortality rates were higher thanldig mortality rates (P < 0.05), especially

with animals at stage 3 of gonadal maturation.

The relationship between summer mortality and gaiemfection by pathogens has been
previously established (Lipp et al. 1976, Garnieale 2007, Saulnier et al. 2010, Travers et
al. 2017).V. aestuarianus has been detected in mortality outbreaks (Labrewthal. 2006)
but these bacteria have been more frequently ikshtsince 2012 (Francois et al. 2013,
Francois et al. 2014, Francois 2015). Recentlhag been reported that susceptibilityMto
aestuarianus infection was low for oysters at the spat stageifmreased with later life stages
(Azéma et al. 2017).

In the current study, mortality was always assedatith the detection of. aestuarianus but
the presence of the bacterium alone does not sgsitsity cause mortality. It would appear
that adult oyster infection by. aestuarianus is not directly related to its presence in the
environment but could also involve the animals’ giblogical state, especially during the
final stage of gametogenesis.

Wadsworth (2018) has recently shown in the US thglbid oysters presented significantly
higher mortality rate (site dependent) when congbavéh diploid oysters, highlighting the

need to improve our knowledge about factors thggér summer mortality in triploids.
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Characterization of gametogenesis by histology

In comparison to diploid animals, gametogenesidriploids was delayed but not absent
(Allen and Downing 1990, Normand et al. 2008). Vdafam this observation in our study. A
delay in gametogenesis in triploids when comparéih wiploids was observed, with a

significant difference in stage 3 levels of diplaidd triploid batches (p <0.01).

Jouaux et al. (2010) observed that triploid oyssrtewed normal gametogenesis at early
stages but not at later ones, resulting in an iqdeta maturation process. Two types of
gametogenic pattern were identified, named eithraa for pacific oysters unblocked during
their gametogenesis and able to produce a signtficaumber of gametes or beta for
individuals with blocked gametogenesis and prodydew or no gametes. In our study, we
observed an increase in the proportion of stagkpl3aatriploid oysters (50.0% in 2015 and
42.0% in 2016) when compared with 25% in previduslies (Jouaux et al. 2010). Moreover
we observed in 2015 a higher mortality differentigtween triploids and diploids than in
2016. We believe that the alpha rate may have haignpact on mortality rate, because as
indicated in the Morest project (Samain and Mc CemP008), diploid animals (with
reproduction) are more sensitive to mortality cantrto triploids. All these data suggest that
alpha animals suffered greater mortality when caegbavith none alpha animals, which are
Beta animals.

This study showed that these triploid oysters hdmrnmaphroditism rate of less than 8.0%,

which is low when compared with the rate previouslyorted by Jouaux et al, where 30% of
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triploid animals were hermaphrodites (Jouaux eR@L0). InC. hongkongensis, a low rate of
hermaphrodism < 5% was also observed (Zhang eD36)2 The diploid batches always
showed low rates of hermaphroditism (Jouaux e@l0). Hermaphrodites did not occur
uniformly throughout the sampling seaswith a higher rate when maturity reached its peak

(Allen and Downing 1990) and our results confirris thbservation.

In conclusion, we observed abnormal mortalitiesoaé of three sites, and these were
significantly higher for triploid animals (durinpe whole first year of study and only during
the summer of the second year). Also, we noticadyh level of advanced gametogenesis in
all triploid batches monitored in this study. Tdjal oyster maturation occurred in September,

which corresponded to high mortalities in Normandy.

In addition, we observed inconsistencies in refatio the expected ploidy in both hatchery

and wild animals.

Our study seems to show that the new generatiompddid oysters (obtained with tetraploids

patented in 2007) has a gametogenesis more andsinaiter to those of diploid oysters.
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FIGURE 1: Three study sites in Normandy: Saint-Vaast-la-H@ygGéfosse-Fontenay,

Meuvaines.
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TABLE 1: Characterization of 25 batches. (The gray lines correspond to the 14 batches
chosen for the gametogenesis study)

Batches Date. of Ploidy Origin Date of laying
receipt
h
1 28( January 3N Hatchery A end of Aprll 2013
2014
h
2 28" vy 3N Hatchery A end of July 2013
2014
28" January
end of July 2013
3 2014 2N Hatchery A
29" January »
No specified
4 2014 3N Hatchery B p
29" January 06" 3
uly 2013
5 2014 2N Hatchery B Yy
h
6 1¢ Izzgfdrfuary 2N natural recruitment Arcachon (Mapouchet) 11" August 2013
th between 28 July and 11
7 11 Izzgfdrfuary 2N natural recruitment Arcachon (Piraillan) August 2013
13" March between 25 July and 11
8 2014 2N natural recruitment Arcachon (Les Arrouillats August 2013
20" March _ ' between 25 July and 11
9 2014 2N natural recruitment Cap Ferret (L'herbe) | August 2013
20" March _ between 28 July and 11
10 2014 2N natural recruitment Arcachon (Arams) | August 2013
20" March between 28 July and 11
11 2014 2N natural recruitment Cap Ferret (Belisaire) August 2013
h
12 | 9" April 2014| 2N Hatchery C 15" October 2013
h
13 | 9" April 2014| 3N Hatchery C 10" September 2013
th :
14 14266&”' 2N natural recruitment Charente lle d'Aix 6" August 2013
th :
15 15266:\[2”' 2N natural recruitment Charente Les Longées 6" August 2013
14" April th
6" August 2013
16 2014 3N Hatchery D g
h .
17 16;('32”' 2N natural recruitment Charente La Moucliére 6" August 2013
16" April h
29" August 2013
18 2014 2N Hatchery A
h .
19 16" April 3N Hatchery A 13" September 2013
2014
h .
20 L il 3N Hatchery C August 2013

2014




16" April

2 No specified

1 2014 3N Hatchery E p
16" Apri -

22 2(,)5_’31”' 2N natural recruitment Charente 6" August 2013
17" Apri -

23 ) (;A‘lim 2N natural recruitment Charente Fouras 6" August 2013
18" April between 28 July and 11

24 2014 2N natural recruitment Cap Ferret August 2013
th

o5 | B Decemberl Hatchery B 1" January 2014

2014




TABLE 2: Percentage of incoherent individuals of batches monitored for the gametogenesis

(all sitesincluded).

Percentage of incoherent individuals

Batch Ploidy Hatchery 2014 2015 2016

1 3N A x (0/10) x (0/80) x (0/80)

2 3N A x (0/10) x (0/70) x (0/58)

3 2N A x (0/10) 8% (4/50) 7.2% (5/69)
4 3N B x (0/10) 2% (1/50) 2.9% (2/68)
5 2N B x (0/10) 2% (1/50) 4.5% (3/67)
8 2N recruitment | x (0/10) x (0/48) 1.4% (1/69)
12 2N C x (0/10) x (0/59) 1.4% (1/70)
13 3N C x (0/10) | 6.6% (4/60) 2.9% (2/69)
16 3N D x (0/10) x (0/50) x (0/70)

18 2N A x (0/10) 2% (1/49) 7.3% (5/68)
19 3N A x (0/10) x (0/70) 10.2% (6/59)
20 3N C x (0/10) x (0/60) 2.9% (2/69)
21 3N E 50% (5/10) | 55% (33/60) | 69.6% (55/79)
25 3N B x (0/10) 10% (6/60) | 31.2% (25/80)




TABLE 3. Mean mortality rate, m, and standart deviation asated, SD, observed in

Géfosse for triploid and diploid adults.

Triploids  Diploids Significant difference
Years
M +/- SD m +/- SD p-value

2015 5 +- 2% 2+-1% 0.009
May

2016 3 +-3% 3+-1% >0.05

2015 7 +- 2% 3+-2% 0.003
June

2016 4 +/- 2% 7+-5% >0.05

2015 11 +-3% 5+-3% 0.002
July

2016 15+-5%  7+-4% 0.005

2015 14 +- 3% 8 +- 4% 0.003

August
2016 25+/-12% 12 +-5% 0.003
2015 21 +-7% 13 +-7% 0.025
September
2016 32+-11% 23 +-8% >0.05
2015 37+-12% 24 +- 9% 0.015
October
2016 34+-9%  34+-11% >0.05
2015 43 +/-14% 27 +- 9% 0.003
November

2016 39 +-10% 36 +/-11% >0.05






