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Report on relative performance of triploid and digiMytilus
edulis andMytilus galloprovincialis larvae and spat.

Summary

» All four R&D institutes conducted trials to produtcgloid mussels and
compare their larval performance with diploid comgr(Mytilus edulis: UWB,
IFREMER, IMARES andViytilus galloprovincialis: CIMA).

o Out of eleven trials, seven concluded that triplowgissel larvae grew
significantly faster than diploids although mostluése trials were
compromised by either lack of replication or uncol¢d density.

o Inno trials did diploid larval growth performanegceed that of
triploids.

o0 lItis safe to conclude that triploid mussel largedwth performance is
similar to or better than that of diploid larvaeridg culture.

o Often the survival of triploid larvae during culéuwas significantly
lower than survival of diploid controls, but thigg/not always the
case. Good trials demonstrate that this need natldaerier to
production of ready-to-settle triploid larvae

* Four comparative trials of diploid and triploid $pgaowth were conducted,
each using a different on-growing system.

o Inone trial, diploid spat appeared to grow fa#itan triploid spat in a
down-welling system although this could not be destiated
statistically.

o0 In one trial, one particular cohort of triploidsegr significantly faster
than all other spat but other triploid cohortshe same trial were not
significantly different from diploid controls.

o Itis safe to conclude that growth performanceriptdid spat/seed is
probably similar to that of diploid spat/seed.

» Consumer testing of cooked triploid and diploid sals suggests that colour
and texture may differ slightly between the twot that odour and taste are
similar.

o Itis safe to conclude that triploid mussels wooudd have a market
disadvantage due to consumer acceptability.

Part| Larvae

Larval rearing trials were carried out bh edulis at UWB, IFREMER, IMARES and
on M. galloprovincialis at CIMA.

uwB
Trial UWB-1

Triploid M. edulis larvae were produced using the chemical 6-DMARvatdifferent
concentrations (3QOM and 600uN to block second polar body formation during misids

(details in WP3 report). Triploid (3@® and 600uM and diploid (control) veliger larvae were
initially held for 3 days in 8-litre vessels at ancentration of approximately 45 larvae™ml



The comparative growth trial was begun at daye®-fertilisation and larvae were
reared in triplicated 2-litre plastic jars of fileel seawater at 10 larvae mAll larvae were
fed a diet ofPavliova lutheri andRhinomonas reticulata at a 4:1 ratio equal to 25,000 cell'ml
day™. Three times a week the larvae were sieved, insgemeasured, the containers cleaned
and the seawater replaced. The survival of larvae @stimated weekly from counts of a
fixed volume. Digital image sampling of the larvaas conducted using a Nikon Coolpix
4500 camera mounted on a compound microscope. f@images the shell lengths (um) of
larvae were measured with the aid of the compweet software ImageJ.

In this trial larval densities were adjusted aft8rdays to 5 larvae mhin each jar
because of significant larval mortalities.
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Figure 1. Mean shell length (um) of putatitytilus edulis triploid and control diploid
veliger larvae reared for up to 20 days at 15°@ortbars indicate + standard deviation
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Figure 2. Mean percentage survival of putatMgtilus edulis triploid and control diploid
veliger larvae reared for up to 20 days at 15°@orbars indicate + standard deviation.

After 20 days, triploid larvae were significantprger than diploid larvae (Figure 1,
2N, mean shell length 18dn: 3N [30QuM], 204 um and 3N §00uM], 197um). However,



larval mortalities were very high in all treatmentish only 10% survival of diploids and
between 2% and 5 % survival of triploids (Figure™)erefore this trial cannot be regarded
as safe evidence of better growth performancembid larvae.

Conclusion:
» Triploid larvae grow significantly faster than dipl oid larvae
» Treat conclusion with caution due to very low surwal in both 2N and 3N
cultures

Trial UWB-2

Triploid M. edulis larvae were produced using 6-DMAP at concentratioh300uM
and 600uM litré to block second polar body at meiosis Il (detail$VP3 report).

Two groups of eggs (group 1 from 2 females = Fg gmudip 2 from one female = F1) were
fertilised with a pool of spermatozoa from threelasa There were slight differences in
triploid induction treatments between the two ge(getails in WP3 report) and three groups
were finally reared: F1 family (2N control), Fg fayn(2N control) and Fg family 300 (3N
treatment).

Veliger larvae from these three groups were divithtd three pseudoreplicates each
and reared at 10 larvae hih 5-litre plastic containers and fed on a diePofutheri andR.
reticulata at a 4:1 ratio equal to 25,000 cell'hday’. Three times a week the larvae were
sieved, inspected, measured, the containers clemmtthe seawater replaced. The survival
of larvae was estimated weekly from counts of @dixolume. When inspection revealed
that approximately 50% of the larvae were ‘eyed’any one of the cultures, the trial was
concluded.

Figure 3 shows the mean increase in shell length) (pf the three groups d¥l.
edulis larvae grown for 36 days.
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Figure 3. Mean shell length (um) of putatiytilus edulis triploid (Fg family 300) and
control diploid veliger larvae (Fg family contrah@ F1 family control) reared for up to 36
days at 15°C. Error bars indicate + standard tievia

The average growth rate for the three treatments 3v89um day and factorial
regression analysis showed a significant differdmesveen the growth rates of at least two
groups. The F1 control treatment showed a sigmflgdower than average growth rate (t=-
3.56, p=0.001), treatment Fg control was not sigaiftly different from the average growth
rate (t=0.24, p=0.83), and the Fg 300 treatmenivshaignificantly higher growth rate from



the average (t=3.32, p=0.002). This indicates thptoid larvae grew significantly faster
than diploid larvae.

There was generally good survival of larvae dutimg trial (Figure 4: almost 100%
in F1 2N, but between 40% and 50% in the other ggpand some larvae in all three groups
were reared to metamorphosis. The difference inigir between the two diploid control

groups (F1 2N and Fg 2N) is probably a reflectiérihe different parentage of these two
groups.
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Figure 4. Mean percentage survival of putatiMgtilus edulis triploid and control diploid
veliger larvae reared for up to 36 days at 15°@orbars indicate + standard deviation.

Conclusion:
» Triploid larvae grew significantly faster than diploid larvae

» There is s significant effect of genetic parentagen performance of
diploid larvae.

Trial UWB-3

Triploids M. edulis larvae were produced using 6-DMAP at concentratmi300uM
and 600uM to block second polar body at meios{détails in WP3 report). Eggs were from
2 females, fertilised by spermatozoa from 3 males.

The veliger larvae from the treated and untreatemijgs were divided into three
pseudo-replicates each and reared at 10 larvdénnd-litre plastic containers. All rearing
was undertaken as described for Trial UWB 2. Thieme of cultures was modified weekly
to maintain rearing densities of 10 larvae'mlIThe trial was concluded once 50% of the
larvae were ‘eyed’, in any one of the cultures.

Table 1 shows the mean shell length (um) of treé@déb triploid, as determined by
flow cytometry) and untreated diploM. edulis larvae grown up to 36 days after fertilisation.
There was no significant difference between meagil dangth of larvae within pseudo-
replicates (Kruskall-Wallis tests: Treated: H= 4.18-0.092, DF = 2; Untreated H= 1.62,
P=0.446, DF = 2) so data were pooled. Analysthefpooled mean shell length (um) using a
student t-test after 34 days, and again at 36 ddgasified significant differences in growth



between diploid and triploid larvae (34 days: tuwest4.63, P=0.044, DF=2, 36 days (t-

value=4.30, p = 0.013, DF=4). The results indictitat triploid larvae grow faster than
diploid larvae.

Table 1. Mean shell length (um) and standard deviation (ph\ytilus edulis larvae reared

for 34 and 36 days post-fertilisation. Pooled deden 3 pseudo-replicate cultures in each
treatment

Days after fertilisation (standard deviation)

Treatment 34 36
Untreated 192.0 (3.9) 202.5 (2.9)
Treated 222.3 (10.6) 224.0 (8.2)

Larval survival is shown in Figure 5 and indicas@silar mean survival (around
50%) but large variances around the means in bettnhents.
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Figure 5. Mean survival oM. edulis triploid and diploid control veliger larvae in tutes
reared for 36 days

Conclusion:

= triploid larvae grew significantly faster than diploid larvae
= survival of triploid and diploid larvae was similar

Trial UWB-4

Eggs from a single female were fertilised by speéom@a from three different male
mussels to give three groups (Families 1, 2 andB8jches of the fertilised eggs from each
family were treated with 6-DMAP at 300uM for 20 mias at 16-17°C to induce triploidy
and a batch from each family remained untreatetimsid controls (details in WP3 report).



A single diploid culture (control) and single (>963®) triploid culture of D-larvae
was reared for each family at a density of 10 lanvé' in 5-litre plastic vessels. All rearing
was undertaken as described for Trial UWB 2. Whempection revealed that approximately
50% of the larvae were ‘eyed’, in any one of thituras, the trial was concluded.

After 31 days growth the triploid larvae in all 8nfilies had a higher mean shell
length than their diploid counterparts althoughsthdifferences are probably not significant
because their standard deviations overlap (Fighré&cause replication of cultures within
families was not undertaken (due to insufficienmiers of larvae) it is not possible to test
for the significance of these differences in mehaslislength between 3N and 2N larvae
within families.
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Figure 6. Mean shell length (um) of diploid and tripldidiytilus edulis veliger larvae after 31
days. Error bars indicate + standard deviation.

Conclusion:
» There is no significant difference in mean shell lggth between diploid and
triploid larval cultures

IFREMER

TRIAL IFREMER-1

Mussels 1. edulis) were spawned in January 2007 and around 2 midggs were
treated with 30@um 6-DMAP for 20 min starting 15 min after fertilisan to induce triploidy.
A diploid control of untreated eggs was also feseidl. The putative triploid cohort was later
estimated (by flow cytometrgf ground samples of 100 laryae consist of 73% triploids.
Larvae were reared using the standard conditiottedFREMER hatchery at La Tremblade
(details in WP2 and WP3 reports) and good settl¢mvas obtained. Triploid and diploid spat
were on-grown at Grainocean and La Tremblade afth@omparative data on spat
performance are not available.



Mean shell length of 20 day old triploid and dipld@rval cohorts differed (Figure 7)
and it can be seen that the 95 % C.I. around tfemef the two cohorts do not overlap. A t-
test showed a significant difference between 2n3and
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Figure 7. A comparison oM. edulis larval size between diploid (2n) and triploid (®xatches
at 20 days of age, based on Samba technologie® iaradysis measurement of 50 larvae
from each ploidy class.

Conclusion:
e Triploid M. edulislarvae grow significantly faster than diploid larvae
» The conclusion must be treated with caution becaugbere was no replication in
the trial

IMARES
TRIAL IMARES 1

Wadden Sed. edulis were induced to spawn on 16 April 2007 [R0704] Thabches
of fertilised eggs were divided into two one withifrsubjected to treatment with 300 uM 6-
DMAP to induce triploidy and the other half actiag a control. A further untreated control
batch of eggs was fertilised.

Treated (putative triploid) and untreated (diplagtbryos were placed at 80-100
eggs mif in 50 litre containers with 0.2 pum filtered and tf¢ated seawater and gentle
aeration for 48 hours and veliger larvae were ctdi@. One triploid and two diploid batches
produced a suitable number of veliger larvae fgraavth trial.

Veliger larvae were reared at 47 in 0.2 um filtered seawater with gentle aeration
50 litre tanks at a density of 10 larvae'mlarvae were fed 12.500 cells hof P. lutheri and
12.500 cells mtof Chaetoceros gracilis or Chaetoceros calcitrans day' and cleaned two
times a week.

Larvae showed poor growth and survival in all tneeits (Figures 8 and 9).
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Figure 8. Growth of diploid and putative triploid veligaarlvae ofM. edulis larvae over 12
days. The average with standard deviation is pteden=2 for 2n batch 1, n=4 for 2n batch 2
and n=1 for 3n batch 2.
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Figure 9. Survival of diploid and putative triploid veligarvae ofM. edulis larvae over 12
days. The average with standard deviation is pteden=2 for 2n batch 1, n=4 for 2n batch 2
and n=1 for 3n batch 2.

Conclusion:

» Poor growth and high mortalities mean that no conalsions should be drawn
from this trial



TRIAL IMARES 2

Mussels K. edulis) from the Oosterschelde estuary were induceddespmn the 9
and the 18 of July 2007 (Batches R0707 and RO708) and eggs treated with 6-DMAP to
induce triploids (details in WP3 report).

Treated (putative triploid) and untreated (dipojadbryos were placed at 80-100 eggs ml
in 50 litre containers with 0.2 um filtered and th¢ated seawater and gentle aeration for 48
hours and veliger larvae were collected. Batch RQit@duced approximately 70% triploids
while only 1-4% of batch R0708 were triploids. Adtigh the diploid and “triploid” cultures
from batch R0708 were reared through the larvagesteeparately, we do not compare growth
rates between them here because of the very lovepege of triploids. Details are given in
the WP3 report.

Veliger larvae from batch R0707 were reared atQlih 0.2 um filtered seawater
with gentle aeration in 50 litre tanks at a deneityt0 larvae mt. Larvae were fed 12.500
cells mi* of P. lutheri and 12.500 cells iibf Chaetoceros gracilis or Chaetoceros calcitrans
day® and cleaned two times a week.
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Figure 10. Growth of triploid and diploid cohorts ®. edulis veliger larvae from batch
RO707, IMARES Trial 1.
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Figure 11 Survival of triploid and diploid cohorts ®. edulis veliger larvae from batch
R0O707, IMARES Trial 1.
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Larvae showed growth in all treatments (Figurewith a significantly higher mean
shell length observed in the triploid cohort treafincompared with at least one of the diploid
cohorts (p<0.001). However, survival of larvae Was in all three cohorts and most larvae
were dead by day 30 (Figure 11).

Conclusion:
» Triploid larvae grew significantly larger than dipl oid larvae over 30 days.

* Heavy mortalities during larval culture mean that conclusions drawn from this
trial should be treated with caution

TRIAL IMARES-3 (Roem van Yerseke Technology Transfe Workshop)

A large scale triploid induction trial was carriedt on the premises of Roem-van-
Yerseke by a team of staff drawn from all partn&DRinstitutions. Details of methodologies
are given in the 18 month activity Report (WP3 &maex 1) and it was estimated that 32.5
million triploid veligers with normal morphology we produced. Because larval culture took
place in a commercial background any rigorous sifiemnalysis of comparative growth data
between triploid and diploid larvae in this trialdeverely compromised by two key features.
Firstly, the smallest larvae were discarded atyewater change. Secondly, batches of
triploid larvae were separated during the sievirecess into cohorts of different size ranges.
Nevertheless, there are data about the percentagpeloid larvae within each of the various
size-separated cohorts (Figure 12).

RvY batches at 19/20D
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Figure 12 Mean shell lengths of size-sorted cohort®ogdulis triploid larvae reared in an
experimental commercial-scale hatchery. Compardaipioid larvae are shown at the right
(2n). Each colour represents a pooled batch dbtdpgarvae that has been size-sorted into a
small group and a large group at an early stad@redl culture. Numbers at the head of the
columns indicate the percentage triploidy of theugr

11



When the mean shell length of all groups of lasaetaining triploids (3 batches,
each with a small and large group) is compared thighmean shell length of the diploid
group there is no significant difference betweemil{p>0.05). In spite of the compromised
nature of the size data in this trial, this simghalysis of all triploids vs all diploids supports
the conclusion that there is no significant differe between the growth rates of triploid and
diploid M. edulis larvae.

Conclusion:
» Triploid M. edulislarvae can be grown successfully at a semi-comméatscale
» There is no significant difference in larval growthrates between triploid and
diploid veliger larvae.

CIMA
Trial CIMA-1 .

Mussels . galloprovincialis) from Galicia were spawned and triploid induction
using 300uM 6DMAP was carried out (for details see WP3 repafeliger larvae were
reared in pseudo-replicated containers (3 cultoféise triploid cohort [mean 76%] and 3
cultures of untreated diploids) under standard ClédAditions (details in WP2 report) and
fed P. lutheii andl. galbana.

Comparative larval sizes were measured at 2, 71drathys after fertilisation. There
was no significant difference in size between treatts nor between replicates within
treatment after 2 days (p>0.05, Figure 13), butéyays there were significant differences
between treatment and between replicates withatrtrents (p<0.05, Figure 14). The diploid
larvae were larger than the triploids.
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Figure 13. Sizes of comparative cultures of triploid anplalid M. galloprovincialis veliger
larvae at 2 days post-fertilisation.

After 14 days there was no significant differeneéneen the size of triploid and

diploid larvae (p=0.144), but significant differesscin size between replicates within
treatments were evident (p<0.001, Figure 14).
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Figure 14. Sizes of comparative cultures of triploid (3ngaliploid (2n)M.
galloprovincialis veliger larvae at 14 days post-fertilisation.

Mortalities during the larval phase were signifitamigher in the triploid cultures,
almost double that in the diploid cultures (p=0.)00%is will have affected the availability of
food to the larvae (number of cells of phytoplamkiarva®) and would give an advantage to
the triploid larvae in a food-limited situation.

Conclusion:

» Significant differences in mean shell length betweereplicate cultures of M.
galloprovincialis veligers generally outweigh any significant diffeences between
diploid and triploid larvae

» Caution must be used in drawing conclusions from t trial because it was not
possible to control larval densities.

Trial CIMA-2.

Mussels . galloprovincialis) from Galicia were spawned and triploid induction
using 300uM 6DMAP was carried out (for details see WP3 repafeliger larvae were
reared in pseudo-replicated containers (2 cultafdise triploid cohort [mean 79% triploid]
and 2 cultures of untreated diploids) under steth@MA conditions (details in WP2 report)
and fedP. lutheii andl. galbana.

Table 2 Values of p for significance of difference (ANOYBetween the mean sizes of
triploid and diploid veliger larvae défl. galloprovincialis during 20 days of growth.

Day of sampling Replicates Between treatments | Sense of significanf
within treatments difference

3 0.443 0.026 Triploids larger

8 <0.001 0.030 (only the best| Triploids larger
replicates analysed)

15 Not tested 0.003 (only the best Triploids larger
replicates analysed)

20 Not tested <0.001 Triploids larger
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Larvae were sampled at 3, 8, 15 and 20 days &ftglidation. At every sampling
time the triploid larvae were generally larger thilaa diploids but there were also significant
differences between replicate cultures within treaits from day 8 onwards. Also there were
heavy mortalities from this time and subsequerissizal analysis was based on comparisons
between the cultures with the best survival (T&)leBy day 20 the mean sizes of larvae in
the triploid and diploid cohorts were very diffetethe approximate mean shell lengths of
diploids was 260@m, and for triploids was 23@n.

Mortalities during the larval phase were signifidamigher in the triploid cultures
compared with the diploid cultures (p=0.003). Twi# have affected the availability of food
to the larvae (number of cells of phytoplanktowv#d) and would give an advantage to the
triploid larvae in a food-limited situation.

Conclusion:

» Triploid M. galloprovincialis larvae grow significant faster than diploid larvae

» Caution must be expressed in drawing conclusionsdm the trial because there were
heavy mortalities and it was not possible to contidarval densities.

Trial CIMA-3.

Mussels . galloprovincialis) from Galicia were spawned and triploid induction
using 300uM 6DMAP was carried out (for details see WP3 repafeliger larvae were
reared in pseudo-replicated containers (2 cultaféise triploid cohort [52% and 70%
triploid] and 2 cultures of untreated diploids)den standard CIMA conditions (details in
WP2 report) and fe®. lutheii andl. galbana.

Larvae were sampled at 3, 7 and14 days afterigatibn. After this time heavy
mortalities occurred in all cultures and no setdeinvas achieved. Replicate cultures within
treatments were pooled for all analyses.

At day 3 and 7 the triploid larvae were signifidgriarger than the diploids but this
difference was not evident at day 14 (Table 3)thia trial, in contrast to trials CIMA 1 and
CIMA 2, there was no significant difference in sual between the larvae in the triploid
cohorts compared with the diploid cohorts (p=0.35E)wever mortalities in the two
replicate triploid cultures were very different ahis compromises the test of significance
between treatments.

Table 3. Values of p for significance of difference (ANOYAetween the mean sizes of
triploid and diploid veliger larvae dfl. galloprovincialis during 14 days of growth.

Day of sampling

Between treatments

Sense of signdnt
difference

3 <0.001 Triploids larger
7 <0.001 Triploids larger
14 0.067

Conclusion:

» Inthis trial triploid M. galloprovincialis larvae grew significant faster than diploid
larvae at an early stage, but by day 14 there wasrsignificant difference between
them.

» Caution must be expressed in drawing conclusionsdm the trial because there were
heavy mortalities and it was not possible to contidarval densities.
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Part Il Spat

Comparative performance of triploid and diploid mussel spat
UWB

Trial UWB-2

Testing of a laboratory scale down-welling system

Initially groups of ready to settle diploid andploid mussel larvae were settled as
spat on 85um nylon mesh sieves connected to a aellimg system for 51 days. The settled
spat consisted of two diploid groups (D1 and D2J amo corresponding triploid groups (T1
and T2). Triploids were produced by exposing devielp embryos to 300uM 6-DMAP litfe
for 20 minutes once 50% of eggs had expelled larpobdies. All groups share the same
female parent although the male parent differs.ugsoD1 and T1 shared the same male
parent and D2 and T2 share the same male parent.

After the initial settlement phase the triploid afigloid mussel spat were cultured in
nylon mesh (120um) sieves at a density of 100 ppaisieve, equivalent to 1.2 spatgm
each reared in their own sieves, with four sieves group. The sieves were suspended in
temperature controlled holding tanks at 18°C, faghich a submersible pump continuously
circulated 10um filtered seawater through eachesitva rate of approximately 0.25 litres
min™. Four sieves were held per holding tank, with sieve being from each spat group.
Every two days the seawater in the holding tanks etenged prior to the addition of a mixed
live algae diet ofP. lutheri and R reticulata given ab libitum to the holding tanks.
Furthermore, once a week the rearing sieves waersedi with filtered seawater and the
holding tanks cleaned to remove any waste ancedattiaterial. The mean initial shell length
(um) of mussel spat was estimated at the statteo€xperiment for each group by measuring
a random sample of 100 individuals. After 62 dalge,number of surviving spat in each sieve
was determined as well as the mean shell lengtikhmvas calculated from a sample of 20
spat per sieve.

Table 4 shows the mean values of the shell leragithhe beginning and at the end (62
days) of the experiment, the overall increase iellslength and the survival of the four
groups. Although starting from a smaller mean sizsettlement, the diploid spat reached a
similar size to the triploid spat after 62 days.

However, observed differences in survival betweesugs with the same level of
ploidy (D1 vs. D2 and T1 vs. T2) were approximatiiyee times higher than differences
between groups with different level of ploidy (D&.vI1 and D2 vs. T2). This means that
differences in survival were due more to the makeduto produce the half-sib families than to
the ploidy of the mussels.

Table 4. Mean shell lengths (um) and survival\ftilus edulis spat reared in a down-
welling system

G _ Shel Igngth, Hm Shell length increase, Survival %
roup | nitial Size after 62 days Hm (s.d.)
size (s.d.)
D1 506 1376 (39.98) 870 56.25 (8.0)
D2 660 1603 (194.02) 943 71.75 (8.0)
T1 694 1332 (163.09) 638 51.75 (3.0
T2 716 1473 (243.16) 757 67.00 (12.0)
Conclusion:
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» Diploid spat appeared to grow faster than triploid spat in a laboratory-scale
down-welling system, but statistical proof was ngpossible

e Survival of spat was more dependent on the geneti@ckground of the spat than
on their ploidy

IMARES
Trials IMARES-3 and IMARES-2 (IMARES, Roem van Yerseke and Neeltje Jans)

Testing of an indoor micro-nursery (IMARES), an oudoor land-based nursery (Roem
van Yerseke) and a rope culture (Neeltje Jans).

IMARES-3

A large scale triploid induction trial was carriedt in March 2007 on the premises of
Roem-van-Yerseke by a team of staff drawn frompalitner R&D institutions. Details of
methodologies are given in the 18 month activitpéte (WP3 and Annex 1) and it was
estimated that 32.5 million triploid veligers witlormal morphology were produced. Details
of performance of triploid and diploid larvae aregn earlier in this report.

On May 16" 2007, the 2n and 3n settled spat were divided3ndize classes: small, medium
and large. Half of the 2n and 3n batches of theinmedsize were transferred to the rope
culture of Neeltje Jans, while the other half remadiin the land-based nursery at Roem van
Yerseke. The complete 2n and 3n set of the snmdl dass stayed at Roem van Yerseke and
the complete 2n and 3n set of the large size clas® to Neeltje Jans. Shell length and
survival were monitored in all these batches.

Following transfer from Roem van Yerseke to to Neelans, the medium size spat
increased in size to approximately 7 mm and thgelaize spat to around 15 mm by the
beginning of November (Figure 15). The largest mesindividual was 22 mm at an age of
200 days after fertilisation. Sizes of spat did differ significantly between treatments
(ANOVA, P>0.05), except for the medium sized 3ntsgdbatch RvY040506 (ANOVA,
P<0.01).

growth mussel seed Neeltje Jans

25

—0-2n1mm
—&-2n2mm
—0—3n 010203 1 mm
—0—3n 010203 2 mm
—0>—3n 040506 1 mm
——3n 040506 2 mm

shell length (mm)

Figure 15. Shell lengths of diploid and triploid spat (meas.d.) ofM. edulis from the
RvY010203 and RvY040506 batches transferred to cofiare at Neeltje Jans.
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IMARES-2

In a further trial at IMARES (R0O707 and R0708 — Jeml IMARES-2 in larval
section of this report), in August 2007, ready-#tie 2n and 3n larvae were introduced into
cylinders and cultured in a down-welling systeml@iC. All diploids were pooled in one
cylinder and all triploids in another. It should beted that the percentage of triploids was
estimated to be extremely low in RO708 — less th#i - so pooling these with the 70%
triploids from RO707 experiment will have reduckd pooled percentage of triploids down to
around 35-40%.

Spat were fed a mixture dthaeodactylum tricornutum, cultured in outdoor basins,
andP. lutheri cultured indoors in 25 | plastic bags. Algal migwvas pumped by a peristaltic
pump from an algae holding container to the dowtiige system. Filtered seawater was
introduced into the down-welling system to keepdbecentration of the algal cells below the
pseudo-feaces threshold. The mussels were fed @r¢ geight of algae for each g of wet
weight of spat per week.

Although in all sampling events from August to Noveer 2007 the 3n individuals
were larger than the 2n (Figure 16), these diffeesrwere not significant (ANOVA, P>0.05).
The fact that at the beginning of November, thaltbtomass of the 2n spat in the cylinder
(48 g) was two times higher than that of the 3rt §p2 g), could suggests that spat growth is
density (biomass)-dependent and not, in this ingtaploidy-dependent. In addition, the
percentage of triploid spat in the “triploid” batalas probably less than 50% so any potential
growth advantage of triploids would have been ndificult to detect. The results of this
trial are therefore entirely unreliable as a corapae measure of triploid and diploid spat
performance.

Spat (Batch 090707 & 160707)

O2n
3 A H 3n

shell length (mm)

31/8/07 21/9/07 12/10/2007 2/11/2007

date

Figure 16. Shell lengths of diploid (2n) and triploid (3n)atgmean + s.d.) of trials RO707
and R0708 kept at the indoor nursery of IMARES.

Conclusion:

* One size-selected batch of triploid spat grew sigficantly faster than all others
in rope culture at Neelte Jans
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» Growth of other triploid and diploid batches of spa were not significantly
different from one another

» Any differences in growth between batches of “tripbid” and diploid spat grown
in this down-welling system trial are entirely compomised by the low
percentage of triploids and density effects.

CIMA
Testing of an indoor micro-nursery at CIMA.
Trial CIMA-1 .

Mussels K. galloprovincialis) from Galicia were spawned and triploid induction
using 300uM 6DMAP was carried out (for details see WP3 repafeliger larvae were
reared in pseudo-replicated containers (3 cultaféise triploid cohort [mean 76%] and 3
cultures of untreated diploids) under standard Clédaditions (details in WP2 report) and
fed P. lutheii andl. galbana. For details of comparative triploid and diploieliger larval
performance see the larvae section

Settlement was obtained by moving ready to settlar2d 3n pediveliger larvae to
separate down-welling units consisting of PVC ayéirs provided with nylon mesh screens
of 150 um. Settled diploid and triploid spat weransferred into two new down-welling
units which were introduced into a large flow-thgburectangular tank type raceway. Spat
were fed a mixture of the microalg&keletonema costatum and Tetraselmis suecica which
was continuously supplied by a pump to the incomsepwater. Four months after
fertilization, one sample of 30 individuals was @akfrom each down-welling unit (two
samples in total: 2n and 3n) and the spat shetitfeiimaximum anterior-posterior size)
measured (Figure 17).

Mean value of the 3n spat (7.6 mm) was not sigaifity different from that of the 2n
spat (7.0 mm). However, the shell length distrimtdf 3n spat was considerably wider (c.v.
= 39.8) than that of 2n spat (c.v. = 20.25)

124

oo etfee $9 o @ o

Shell length, mm
[e)]
1

2n 3n

Figure 17.Box-plot diagram of the shell length of 2n andspat, four months after
fertilization. Red dots: mean values. Black datstividual values

Conclusion
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» There was no significant difference between the gwth of triploid and diploid
spat in down-welling culture
IFREMER/Grainocean

Subsequent testing of an indoor micro-nursery, anuwdoor land-based nursery,
and a offshore long-line system at Grainocean.

In January 2007, 2n and 3n mussel larvae were peatlin the IFREMER hatchery
at La Tremblade (batch BS0704). Half a million e&dy-to-settle pediveliger larvae of each
ploidy type were sent to the Grainocean farm faediin 180 um sieves where they were
settled and grown on mesh screens in downwellinigs Lin a micro-nursery. After this,
mussels were pre-ongrown up to seed size on squer&ames in an outdoor land-based
nursery and then moved to a seashore environmesrevthey were ongrown into lantern nets
in a long-line system for three months. A partlidge 2n and 3n mussels were harvested on
November 2007 and their relative performance coegar

The results of this experiment are summarised ibleT&. First at all, we have to
highlight that all the putative triploid musselsted were really triploid mussels (100% of
triploids in the Triploid group) and no contamirmatibetween triploid and diploid individuals
was detected (0 % of triploids in the Diploid grdupecondly, size of 2n and 3n mussels was
very similar and not significant differences in dgm, width, thickness and shell weight were
detected between the two types of mussels. Sma8ignificant differences were detected in
the total weight and the fresh flesh weight of nelsssbeing the 2n individuals heavier than
their 3n counterparts. Finally and very importard,mature individuals were detected within
the triploid group.

Table 5Variables measured in 2n and 3n mussels.
Significant differences are indicated in blue celou

% of triploids 0 100
Average length (mm) 57.07 55.53
Average width (mm) 26.9 27.07

Average thickness (mm) 21.12 20.74

Average shell weight (g) 3.49 3.28
Average fresh flesh weight (g  6.37 5.38
Average weight (g) 15 13
% of mature individuals 100 0

Conclusion
» There was no significant difference length, widththickness and shell weight of
triploid and diploid spat
* 2nindividuals were significantly heavier than thei 3n counterparts
* no mature individuals were detected within the trigoid group
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DISCUSSION

A summary of the variables measured, systems usgdain results of the three lab-scale
experiments conducted by UBW, IMARES and CIMA ahe two large-scale trials carried
out by IMARES/Neeltje Jans and IFREMER/Grainoceashiown in the Table 6. The three
lab-scale experiments were carried out under sirai#tivation systems: laboratory-scale or
micro-nursery down-welling systems. However, theuhs were inconsistent between
experiments. In two cases, IMARES and CIMA, 3n spas bigger than 2n, but the
differences were not statistically significant.the case of UBW the result was the opposite:
2n spat grew faster than 3n.

When the spat produced by IMARES in the Roem vars&dee hatchery was moved, within
net cages, to a long-lines system of Neeltje Jamsjgnificant differences in size were
detected between 2n and 3n seed after five andrtwaiths of ongrowing in the field. Results
obtained in the other large-scale experiment, coteduby Grainocean, confirm this
conclusion since no important differences betwéentwo types of mussels were detected
after several months of ongrowing within lantertsria a long-lines system. A relevant result
of this last experiment was to observe that whileampled diploid mussel were mature
(presence of gametes) their triploid counterpadsawot.

Therefore, from the four experiments carried outhis project a relevant (with commercial
impact) growth advantage of triploid mussels wehkgect to their diploid counterparts can
not be deduced.

Table 6 Summary of the growth and survival experiment&roaind 3n spat
carried out by UWB, IMARES/Neeltje Jans, CIMA afREMER/Grainocean

Comparison of Laboratory scale down- After 62 days, 2n spat
UWB growth and welling system. 120 um | grew faster than 3n spat.
survival of 2n and nylon mesh cylindrical No differences in survival
3n spat downwellers suspended were detected
within rectangular tanks
Down-welling system in | After several weeks, 3n
a indoor micro-nursery spat was bigger than 2n,
(IMARES) but differences were not
IMARES Comparison of significant
Neeltje growth of 2n and
Jans 3n spat and seed Nylon mesh cages in After 5% months (May to
long-lines systems (NJ) November) not significant
difference in size
between 2n and 3n
mussels was detected
Comparison of Cylindrical downwellers VAVfatgrbéilgrgnec:-ntt:asr,] er: ssgztt
CIMA growth of 2n and in a raceway tank in an but differences were not
3n spat indoor micro-nursery A
significant
Size of 2n and 3n
mussels was very similar.
Downwellers in an No significant differences
indoor micro-nursery were detected for length,
. width, thickness and shell
Comparison of S . ;
IFREMER growth of 2n and quare net frames in a weight
- 3n seed up to outdoor land-base
Grainocean 1P to nursery Small but significant
commercial size .
differences were detected
Lantern nets in long- for fresh flesh weight and
lines system total weight
No mature 3n individuals
were detected
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Part Il Market size mussels

Comparative performance of triploid and diploid mussels in
consumer sensory tests

An evaluation panel was conducted to compare thesosg properties (colour/
appearance, odour, taste/flavour and texture) pfoidi and triploid M. edulis mussels
produced during the Blue Seed project.

Mussels . edulis) were spawned in January 2007 at IFREMER (Sedlslata
Larvae section undarRIAL IFREMER-1) and around 2 million eggs were treated with 300
um 6-DMAP for 20 min starting 15 min after fertiligan to induce triploidy. A diploid
control of untreated eggs was also fertilised. ph&tive triploid cohort was later estimated
(by flow cytometry of ground samples of 100 larvaeonsist of 73% triploidd.arvae were
reared using the standard conditions at the IFREM&Rhery at La Tremblade (details in
WP2 and WP3 reports) and good settlement was aatain

Diploid and triploid ready-to-settle larvae (500006f each type) were transferred on
180 pum sieves to the nursery facilities of the SMEinocean (France) for settlement and
spat culture. Settlement was carried out by spngagdediveliger larvae on mesh screens in
circular downwellers. After detaching the spat frtre mesh screens, they were held first in
an indoor micro-nursery and then in an outdoor daased nursery. Final on-growing of the
2n and 3n seed was carried out in lantern netslongline system situated in a seashore
environment. On Novembel"2007 2n and putative 3n mussels were transportédecfrom
Grainocean to Yerseke.
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Table 7.Description and scale of the four sensory categdested in the panel

Natural colour variation: off-white to light orangéresh, shiny and
contrasting appearance

As 9, still shiny.

Less shiny, a bit pale

No shine, pale and a bluish film.

Colours are fading, slightly milky colour, dull aadbluish film.
Faded colours, slightly grey (dead) colour, pale green film.
Faded colours, green, dull.

Green colour, dead grey.

Distinct mussel odour, fresh, marine, boiled eggamy and butter.
Typical mussel, fresh, boiled egg, neutral, sweet.

Still some mussel odour, slightly boiled egg, dligihoiled potato, neutral.
Slightly mussel odour

Boiled potato, a bit musty, slightly earthy, sliyrgour, just a little mussel
odour.

Boiled potato, musty, sour, earthy.

Sour, slightly ammonia, musty, earthy/muddy

Very sour, ammonia, bitter, Sharp odour of almoisgsilage.
Spoilage, rotten

Typical mussel, marine, fresh, sweet

Boiled egg, liver, mussel

Watery (neutral) Young cheese, sweet, creamy

Boiled potato, metallic, plain.

Boiled potato, slightly fishy, rubbery, slightlyttar.

Tasteless, slightly fishy, green beans, no mussétt

Watery, sour, astringent, bitter aftertaste, muddy.

Sour, astringent, bitter, rancid.

Tender, smooth, juicy.

Soft, juicy, elastic.

Slightly dry or tough, easy to chew.

Texture Slightly dry or tough, less easy to chew.

Tough, soft elastic.

Slightly mealy, soft,

Mealy, very soft,

Colour and
appearance

Odour

Taste/flavour
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The next day, during lunch time of the second diathe Final Meeting of the Blue
Seed project, the sensory evaluation panel wasumbed. Diploid and triploid mussels were
steamed separately, but following exactly the samoeedure, in the restaurant of a Social
Centre in Yerseke near to IMARES. Mussels werevdeli to each panellist in two separate
plastic pans (Figure 18) labelled as A and B. Riateln = 14) were all of them members of
the Blue Seed project (Figure 19), 8 men and 6 woritem four different countries (Wales,
UK; France, The Netherlands and Galicia, Spairijp® RTDs (UBW, CIMA, IMARES and
IFREMER), 4 from SMEs (Grainocean, OPMEGA and Desf)l and 1 from AquaTT.
Tasters rated the A and B mussels for colour/appear (scale from 2 to 9), odour (scale
from 1 to 9), taste/flavour (scale from 2 to 9) aexkture (scale from 3 to 9) (Table 6).
Data were analysed by a Friedman's test, whichngraparametric test for randomized block
experiments and is a generalization of the pairgd tst. In this experiment each panellist
was considered as a block (14 in total) and the gfpmussel the treatment with two levels
(2n and 3n).
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Figure 18.2n and 3n mussels in plastic pans Figure 19.Tasting of ussels by panellists

RESULTS AND DISCUSSION

The mean ratings of the diploid and triploid musdgel the four sensory categories
are shown in Table 8. Diploid mussels scored hidimen triploid mussels for
colour/appearance, taste/flavour and texture. Blmuc/appearance and texture, the
differences between both types of mussels waslglegmnificant (S = 6.40; P =0.011 and S
=7.00; P = 0.008). For taste/flavour the differebetween 2n and 3n mussels was in the
limit of significance (S = 3.60; P = 0.058). Foroon, scores of diploid and triploid mussels
were very similar (7.8 and 7.9, respectively) antsignificantly different (S = 1.00; P =
0.317).

Table 8. Mean ratings (standard deviation) for the fourseen categories and the total score
in diploid and triploid mussels

Colour/Appearanc 8.4 (0.76) 7.6 (0.84) > =g’gf1 P s
Odour 7.8 (1.12) 79073) | ° =§.§f7; o
Taste/Flavour 8.4 (1.08) 76(178) | ° =g(§5508 o
Texture 8.4 (0.51) 7.7 (1.06) S =07.60008; P s
Total score 33.0 (245) | 309 (3.60) | ° :g(?;3 "

On the whole, both types of mussels got a goodpdanee by the panellists. Diploid
and triploid mussels obtained very high total ssp83.0 and 30.9, respectively, of a
maximum of 36. It was agreed by most of the pastetiat diploid mussels show a slightly
more strong marine flavour than triploid musselswidver, some of the panellist considered
that the less intense and more neutral flavounetiiploid mussel could favour their
acceptance by the consumers not accustomed t@ eatissels or other marine products.

Conclusion:
» Triploid mussels appear to have a different colouand texture to diploid mussels
* No significant differences were detected in odourrdaste of triploid and diploid
mussels
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