Record levels of Dinophysistoxin-2 in
clams from Douarnenez Bay, France,
after an unusual bloom of Dinophysis
acuta

Douarnenct
Bay

Fig. 1. Lovation af Dobarnones Bay {4875 29" North; 4* 19" 51* West), Western Fronch
Atlantic coast.

Douarnencz coasthine includes steep
rocky seashore areas in the north and
south and large sandy beaches to the
east, with optimal conditions for clam

The officidl menitoring network for
phytoplankton and algal toxins in
French shelllish production areas [RE-
PHY} was established by liremer in
1984 alter several thousand cases of
diarrhetic shellfish poisoning ocourmed
In Western France [1]. The monitoring
program has evolved over time. From
fomumry 1, 2010 chemical analysis by
liquid chromategraphy  coupled with
mass spectrometery in tandem (1.C-
MS5/M5) bocame the official method for
monitoring diarrhetie shelllish poisan-
ing [DSP} toxins as a result of uncertain-
ties dbout the reliability of the mouse
biassay for detection of these toxins.
As a result an almost ten year time so-
ries of toxin profiles in shellfish exists
for some sives along the French coast,
including Dowarnenez Bay in Brittany
(Fig. 1).

This shallow semi-onclosed bay,
with an area of 230 km® (15 km wide
by 20 fom long) has o weak circulation
which faveurs the accumulation of nu-
trients from different watersheds [2)]
Water temperatures range hetween 7
and 21°C and salinity between 32 and
36 (minimum and macimum over 10
years). These features, combined with
lts particularly clear waters, favour
phytoplankton growth In this area.
This ks particularly true from April to
September when days are longer and
seq surface temperatures increase. The

&

[Denins spp.) cultivation (Fig.2 A-B),

Phytoplankton  communities  in
Douarnenez Bay (Fig.l) have been
maonitored twice a month since 1987, as
part of seafood safety and environmen-
tal guality control programmes. In par-
allel with phytoplankton monitoring,
clams (Donax spp.) has been regularly
analysed for lipophilic tosing hefore
being marketed. These toxins include
two groups of polyether compaounds:
1) diarrhetic shellfish polsoning toxins
[DSP): okadaic acid (0A) and dinopligs-
istoxing (DTHs: DTN and DTX2) and i)
pectenotoxing [FTRs: PTX1 and PTX2).
These toxing are mainly produced by
dineflagellate species helonging 1o the
eitis aaphysis,

During a typieal year, the main phy-
toplankion  species  responsible  for
the occurrence of lpophilic oxing in
Dounrmenez Bay. from spring until late
autumn or early winter, was Dinoghy-
sls pevminota [Figs.2C, 3A] [3], In the
last decode, densitles of D acuminata
varied from 1x 107 to 12 x 107 cells L.
The predominant toxin associated with
this taxon was okadale acid [DA) [Flg.
3 B). The maximum OA concentration

Fig, 2. [A} Samjpling deviee to collect (8] Donas elans. Light micrographs of [T] Dinipiy-
At aecairtinnter amd {0 Dindls acend, (Photas A 8 by Dominigee Le Gal: C 0 by Audrey
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SR LA R 85 AR

[ R ——
[T ————"
WOt caals B Doy s
B Ol wita W et e
oo
"

g o
0%

s,

TR

g it

s %

s

*

e f’-ﬁ'w‘@q\irﬁ

B LL R T T
1o,
¥

i s
e

2

§ ¥
e

E s,

L

T
L

FOPPT e

Fig. 3 fA) Percentage of Dinophysis species
in Mowrrnene: Bay water samples betweon
2000 and Augut 2020 {B) Mean percentage
af ISP toxins in Douarnener Bay in onre
app. botwean 2000 and Auguse 2020,

recorded in Donax spp. was 9853 g
k! i June 2020 (Fig, 4) [4], The maxi-
mum toxin concentration as well as the
duration of the episodes [concentration
above the regulatory threshold) varied
considerably from year to year. Usu-
ally, the other regulated DSP and PTX
toxing weere not detectod (DTX1, PTXI)
or were present at very low concentra
tions (TX2, PTX2).

However, 2019 was a very cxcep:
tional year in terms of phytoplankton
and toxin composition in Douarnencs
Bay. Indeed, for the first time in over
30 years, & acuta (Fig 20), known 1o
produce OA and DTXZ, was present in
high cell densities in late summer and
wearly autumn, Since 1987, Ik pewta had
never been abserved in densities above
10 cells LY in Deuarnenez Bay, but in
Seprember 2019, densities of 5.5 x 107
cells LoV fweak 39) and 3.3x 107 cells
Lt {week 41) were detected. Alter this
bloom of & acuta, Donax spp. were
found for the flrst tme to contain al-
most the same concentration of DTXZ
as 0A (Fig 4). During week 39, when 0
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Fig. 4. Weekfy ipophilic toin concentratians fn Domax spp. in 2009 and 2020

aeute was first detected (5.5 x 107 colls
1), DTX2 and 04 concentrations in Da-
s spp, were 356 pg ket and 443 pp
kg%, respectively and In week 41, after
the secomd detection of & acued (33x
100 cells L), B40 gug kp! and 1,045 pg
kgr® respectively. Finally. in week 43,
maximum concentrations of OTX2 (974
ng k') and OA (1089 pg kg') and low
concentrations of PTXZ were record-
ed. Analysiz of the full dataset from the
REPHY maonitoring network reveals
that this is the first time such high
DTXE concentrations have been found
in Dovarnenez Bay, These are also the
highest concentrations of DTX2 record-
ed in France to date,

The difference in depuration time
for DTXE and OA in Dasax spp. I strik-
ing. While DA concentrations decreased
very quickly, DTX2 was hardly eliminat-
od atall (Fig. 4), During week 46, three
weeks after the toxicity peak, DTX2 con-
cenitration was double that of 0A, and
still five times higher than that of OA
eight woeks later (week 51, The pres-
ence of BTAZ at such concentrations
and the difficulty of eliminating this
toxin resulted in the regulatory thresh-
old of 160 jyp kg (OA+DTXs+PTXs)
TEF being cxceeded until early March
2020, Hence, the toxie episode of 2009
and first quarter of 2020 lasted a total
of 459 weeks, Including 27 weeks eaused
by the presence of DTXZ produced by
D acuta, Considering that in previous
years Donax spp. harvesting bans due
o DEP toxing in Dovarmener Bay lasted
10-29 weeks per year, the 20019 out-
break was an exceptionally long event.
I blooms of . acuta become recurrent,
causing lengthy contamination by DTX2
in shellfish, a strong economic impact
on Domay spp. harvesting activity is to

be expected. Further investigations
should abm ar better understanding the
reasony of this shift in the phytoplank-
ton community.
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New insights on the diversity of the
dinoflagellate genus Ostreopsis in
lagoons of French Polynesia, South

Pacific Ocean

French Polynesia is a vast territory in
the South Pacific Ocean, stretching over
an expanse of more than 1,200 miles
with & surfoce area as large as Europe.
It b5 composed of 118 geographically
dispersed islands and atolls regrouped
linber Fve distinet archipelagoes: Soci-
ety Archipelago, Tuamotu Archipelago,
Gambice Archipelagn, Marquesas Archi-
pelago, and Australes Archipelago (Fig.
1)

Historically, French Polynesia has
loiig been concerned by harmlul algae
events, especially ciguatera poisoning
(€] which i by far, the most preva-
lent seafood poisoning in the reglon
[1]): Some areas like Gambier islands
undergo recurrent high mxicity CF out-
breaks which became the focus of ma-
lor research conducted in the late 705
by R. Bagnis, T. Yasumaote and Y. Fukuyo.
Their pioneering work led to the formal
identification of Gombierdisius as the
dinoflagellate responsitile for CI° [2-3).
Since this milestone discovery, several
decades of research on ciguatera have
been conducted In French Polynesia,

which is the unigue Pacific island per-
ritory with a permanent ciguatera re-
search wnit (Louis Malardé lnstimte,
M) (1],

In addition 1o Gamblendiseus spe-
cies, other benthic and potentially toxic
dinoflagellates have been identified in
benthic assemblages of French Polyne-
sian elguateric biotopes [4-5], including
Ostreapsis and Prarocetitrion species,
But thelr potential harm has remained
unstudied. In the past decades, Oatre-
apsis has become highly problematic
in several temperate and subtrapical
areas. due to the formatien of intense
blooms associated with the praduction
of toxie compounds analogous to pa-
lytoxin that have negative impacts on
Thuman health [6). As the risk posed by
Ostrespsis spp. proliferations in French
Polynesia has never been assessed, in-
vestigations were undertaken as part
of the research project TATOO to study
the diversity and toxicity of Ostreapsis
species in various French Polynesian la-
goons, The present study was based on
both field materinl collected between
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Fig. 1. Moy of French Polymesia hawing the five archipelagoes. Idonds wiere somples have
Dewn collected for this study mne eirched and thelr nomes are do falice
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2016:2019 from eight distinet islands
[Fig. 1) and several clonal strains that
are part of the Laboratory of Marine
Biotoxins culture collection at the lnsti-
tut Lowis Malardé (Tahitl, French Paly-
nesia), where cultures are deposited.
Samples from islands of the five archi-
pelagees were obtained. Taxonomic
identifications were carmied out using
microsocopy (LM, SEM) coupled with
malecilar characterization of DNA ex-
trwcts prepared from cultures or singhe
cells (zolated from field samples. Tox-
feity screening analyses were initially
comductid asing the nearoblistoma
cell-based assay [CHA-N2a), and toxin
profiles were further characterized in
toxbe stralns by Heguid chromatography
tandem mass spectrometry [LC-MS/
MS) [7.9).

Dur analyses revealed that two spe-
whes, namely Ostreapsis fenticubaris and
Ostreapsis of dvata, were present (i all
live archipelagoes of French Polvne-
sha and that they constituted the most
commonly ebserved Ostrenpsis species
im the area, This result is in agreemoent
with previeus observations by Bagnis
and Fubuyo [4-5] and it was suggested
that Ostreapsis fenticwlaris [illed the
wcological niche following Gomiiderais-
ens outhréaks [5). Thanks to our study,
itwas possible to re-investigate the type
locatity (Tahiti island) and unambigi-
ausly identify Ostreopsis lenticilers,
confirming its morphological features
and resaiving its genotic identity {= Os-
treapsis sp. 5) [7].

In aiddition w these two species, two
ather previously unreported species
were found in several locations [Fig, 2).

In Kaukuray and Takaora Islands
[Tuamotu) as well as in Nuku Hiva [s-
land (Marquesas) [Fig 1), a small spe-
ches (ea. 40-50 pm diameter) was pre-
sent, and its thecal plate pattern was
not significantly distinctive from ather
strenpsiy species. Interestingly, it pos-
sessed a long second apical plae 2,
reaching the feurth precingulary plate
4" dorsatly (Fig. 2B8), Genetically, these
specimens were identified as Ostreopsis
rhodesioe, a specles deseribed rither
recently from Heren Reef Lagaen, in the
southern Great Barrier Reef [Coral Sea,
Aunstralin) [8] and, tw our knowledge,
not reparted elsewhere to date,

An additlenal species was also ob-
served in 20009 in Tahitd [sland forming
a large benthic bloom [9]. Moarphologi-
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Fig, 2 Seavring electron aricrogrophs of two previously unreported Ostrenpsis species in
French Polymesta, () Apical view of D rhadetioe. (8] Detail of the apical pare complex {APG)
of @ rhodesioe. (€] Aplcal view of Ostreapsis sp. 6 () Left hnferal view aff Dstreopsis sp. 6

shuning the upduloted cimgutum fel. (E) Detall of the APE of Oitreopsis sp. & Senle bars = 10
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cally; It was casily distinguished from
ather species by a typical undulation
of the cingulum (Fig. 2D) and a rather
large size (S8-82 ym) [7]. Interestingly,
this species is closely related morpho-
logically to 0 siomensis, as deseribed
by Schmide [10] and imerpreted by
Fubuyo [4]. However, our detailed study
revealed that it alse his a long plae 2
[Fig. 2E). and this feature now appears
to b common to several Ostreapsis spe-
cies and probably not a relevant taxo-
nomnic character [9]. In this species, the-
cal pores were surrounded with a small
collar rim, which was typical and ahsent
in @ rhodesioe {Fig. 2). Genetic analysks
revealed that this specles correspands
to Ostreapsis sp. 6, which ks also found
in several rropical arcas swch as Gulf
of Thailand, Malaysis, Viet Nam, Japan
and maore recently Korea [9]. Fallowing
this outhreak in Tahitl, this species was
ilse observed In Moorea Iskand in No-
vember 2019, indicating that it is wide-
spread in the Society archipelago. Both

the genetic proximity of Ostreapsis sp. &
sequences from Tahlt from those of the
Gulf of Thailand, and the type locality
of @ stamensts [10] suggest that it can
b the same species. Fubuyo [4] empha-
sized the absence of O stamensis in the
samples from French Polynesia in the
carky 19805, and it was not observed
before 2009, Hence our observations
constitute a new record of this species
in the Pacific Ocean.

Peeliminary toxicity analyses -
vealed that none of the O, lenticuiarts (=
A7) 0 ef. ovata (= 13) and & rhodesioe (=
1) elomal strains sereened by CHA-NZa
showed toxic activity, whersas strains of
(hstrenpsic sp, 6 (= B) proved toxic, with
a toxin profile dominated by ostreocin-
12 as confirmed by LC-M3/MS [9), Due
to the lack of analytical standards, its
toxin profile is not completely resolved
as yet, however, as Ostreapsis sp, 6 s
cupable of forming large blooms, these
findings warrant further investigation
omn the potential environmental and/or

health hazards posed by the prolifera-
tiom of this species in French Polynesian
lageons. Future studies should aim at
developing a better understanding the
biggeographic distribution of this spe-
ciies, as well as aszessing the impacts of
its assochited toking on coral reef eco-
systems and/or putative accumulation
in marine organisins.
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