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Toxigenic (proved so far) species of Dinophysis
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More than 200
species (Sournia
1986) that are
usually very scarce
(< 100 cel/L)

(Not to scale; photographs by Y. Fukuyo and J. Larsen, 10C.



Temperate-cold seas: D. acuminata, D. acuta, D. norvegica, D. rotundata
Temperate-warm seas: D. acuminata/D. sacculus, D. acuta, D. fortii, D. caudata
Tropical seas: D. caudata, D. miles

Reported distribution of DSP toxins detected in shellfish



Presence of DSP toxins
1991 - 2000

L results

ICES-10C Decadal Map on DSP Events
1991-2000

Proliferations of
Dinophysis spp
populations that
produce lipophilic
toxins (OA, DTXs,
PTXs) probably
represent, within the
different HAB events,
the main threat to
shellfish exploitations
on the Atlantic coasts
of Iberia and France,
Irish Shelf Seas,
Skagerrak-Kattegat,
and Norwegian Sea



Ria de Vigo
Galicia, Espana
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Ranges of cellular concentrations (cel - |I-1) of
HABs in Galician coastal waters within which
different toxic outbreaks occur.



Conflicts to sample scarce and patchy populations
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Recommended method for
HAB monitoring (Lindahl
1986)



To obtain a high resolution mapping of Dinophysis,
even at extremely low concentrations (1-2 cell/ L),
we used two sampling procedures with water
collected with a peristaltic pump:

» Whole seawater samples
» Size fractionated (20-70 um) gquantitative
samples (2L reduced to 50 ml)



(Nomarski)

Autofluorescence
under blue light
epifluorescence
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Toxins profile and content

Does Dinophysis spp of a given
locality have a constant toxin
profile??



Concentration of D. acuta
Galicia, November 2005



St Il D) cavddata I D). acurnrinata

Monitoring of toxin content per cell during a proliferation of
D. acuta, Ria de Pontevedra, october 2005-January 2006
(Pizarro et al. 2006)

Okadalates:PTXs ratio Is quite variable



Growth Rates
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Hypotheticocurves of divis%on rate versus toime. a) Populatigln
with asinchronous division (1 is constant); b) Population
dividing in phase. In both cases, the surface under the
curves represent the fraction of cells dividing in the time
Interval (t, - t,).



MITOTIC INDEX APPROACH (McDuff & Chisholm, 1988)

G0+G1
9
>
§ G2+M
o
LL
i |
0 1 2
DNA quota

Histogram of frequencies of cells on
different stages of the cell cycle (G1, S,

G2 and M)

(T.+T,)=(t-t)

Interval of time necessary for a
cohort of cells to pass from one
phase to the next;

Or the distance between two
maxima

(in our case, the time interval
between the time z,when the
fraction of cells undergoing
cytokinesis f_is maximum, and the
time £,when the fraction of
recently divided cells 7, is
maximum)

= (TC1+Tr) iznlj(ts)i In[l+ fo(ti) + fr(t)]

(Model of Carpenter & Chang, 1988)
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CELL FISSION IN

DINOPHYSIS SPP.

Simplified diagram of morphological changes following cell fission in
Dinophysis that are used as markers of cytokinesis and recent division
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Distribution of frequencies of paired-cells and recently divided cells of
Dinophysis acuminata in: Top, integrated samples (water column); Bottom, at
the cell maximum.
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Species Location Month {d']j {d']] Eeferences
Long Island, USA Jul 0.54 Chang et al 1991
Jun 025 D28
G alician Rias, Spain Oct 0.13 0.26 Eeguera et al. 1996, 2003
D. acuminata Jun 0.08 D'I?g :
Jun 0.52 Gonzalez-Gil etal. 2006
Gullm ar fjord, Sweden Ot 0.73 Giszselsonefal, 1999
0.20 0.63
D. acuta 0.17 0.33
Ber e - Oct -
EELEE LS SR U 0.02 Remuera ef ol. 1996, 2003
019 024 -
D, candata 015
D. fortii Loz Angeles, URA Jun .30 Weiler, 1976
. . Aug No growth observed Carpenter 1995
D. norvegica [Baltic Sea Jul-Aug 0.1-0.4 Gisselson et al. 2002
D. tripos Galician Rias, Spain Oct 0.19 0.50 Reguera ef 2l 1996, 2003
May 0.13 0.42
D. sacculus |Ebro Delta, Span ;E Eii E;: Garces ef al. 1997
Ot 0.10 0.20

Estimates of /n situ division rates of several species of Dinophysis by the
mitotic index approach. A wide range of values observed for the same
species in the same growing season.
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Images during upwelling conditions (left) and
Iberia

downwellin (right) in Western

Contrasting



MAXIM UM CONCENTRATIONS Vs NET GROWTH in
viGO
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ulation of dinoflagellates from the Galician Rias
(November 2005). Notice the differences in cell content in D. acuta cells



Life History



To study the
population dynamics of
a target species we
must be able to
recognize ALL its life
cycle stages.

To follow changes In
vegetative stage
numebrs IS NOT
ENOUGH

Life cycle of Gymnodinium catenatum (Blackburn et al. 1989)



CONJUGATION
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Intraspecific Morphological Variability
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Morphological
variability of
Dinophysis
caudata, in one
sample from
Delta del Ebro,
shows a
continuum of
shapes between
D. caudatay D.
diegensis

(Reguera,
Gonzalez-Gil &
Delgado 2005)



Ocasionally, high percentages of small cells (10-50%)
have been observed in field populations of Dinophysis
acuminata and D. acuta

(McKenzie, 1991; Reguera et al. 1995; Hajdu et al. 2006; Moita et al.
2006)

BUT observations of a few hypotetical cysts is an
unusual event (Moita & Sampayo 19933; Reguera el al
1990,1995)

Do Dinophysis spp. rely on cysts to initiate
new populations??



Quistes (?) de Dinophysis acuta

A-D. Distintos estadios de hipotéticos quistes de D. acuta. E.

Detalle de la reticulacion, similar a a la de las células vegetativas.
(Reguera, Bravo & Fraga 1995)



Hipotéticos quistes de Dinophysis spp. A-F: Evolucion temporal de
un quiste de D. caudata. B: D. tripos. C: D. acuta (Reguera, 2003)
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Distribution of Dinophysis acuta (red) and Gymnodinium catenatum (blue)
during the “MORENA 93” cruise (Reguera, Figueiras & Cabanas, 2003)
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Winter (1-2 February 2006) distribution of D. acuta off the
Galician Rias



Map of the central coast of Portugal
showing, that G. catenatum maxima may be
associated with upwelling plumes. (A)
Satellite infrared image from July 1, 1994.
(B) Sketch of subjectively determined flow
field from previous images from June 26 and
28. Continuous line indicates the position of
the upwelling front. (C) Distribution of
maximum values per station of G. catenatum
(cells-L1) in 3 July 1994. (From Moita &
Amorim 2002, LIFEHAB Report)


http://www.mcyt.es/images/organismos_publicos/l_ieo.gif

Behaviour



1. Dinophysis spp. like to aggregate in depths of
marked density-gradients ?

Not always

2. Does Dinophysis spp perform daily vertical
migration?

Sometimes

We need to describe behaviour during
different phases of the population
growth/environmental conditions
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Proposed schematic of processes occurring during upwelling
with resulting thin layers of Dinophysis within the Galician
Rias
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Outermost Station
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Sigma t contours and Dinophysis acuminata
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Fine (FSS) vertical distribution of D. acuminata and P. micans cells in
the top 3 m in the northern mouth of Ria de Pontevedra, 9 June
2005.
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The environmental window hypothesis (Cury & Roy
1986) iIs being used as an approach to describe OEW
for Dinophysis






The hunter hunt: Dinophysis rotundata (heterotrophic) piercing the
lorica of the prostomatid ciliate 7/arina fusus with a feeding peduncle and

sucking Its content (myzocytosis) (Hansen, 1991). T. fusus feeds on
nanoflagellates, cryptophytes and dinos (including HAB species L. polyedrum, H. akashiwo).



What does Dinophysis eat ?




Different treatments (DOM, small alive/dead
phytoplankton, bacteria..) have been used by
different authors to maintain Dinophysis spp for
observations on their life cycle or to try to
cultivate them.

»2 to 5 generations (doublings) obtained in the best
cases

»Duplications did not continue after replication

»Often, formation of small cells observed.



D. caudata fed with crushed and frozen picoplankton
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CELL CULTURE PLATE 3 (10 m)

L1
RAW
A—<0.2u
DOM<1000
—m— DOM>1000 50%
—o— DOM>1000 10%

cells/well

Incubations of picked D caudata cells under different treatments including
concentrated DOM (ultrafiltration) (Reguera et al., 20005)



Sven Janson

Molecular evidence that plastids in the toxin-producing

dinoflagellate genus Dinophysis originate from the
free-living cryptophyte Teleaulax amphioxeia

Environmental Microbiology (2004) 6(10), 1102—-1106




Kleptoplastids of haptophyte origin in Dinophysis mitra (Koike et al., Protist 2005)
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Figure 6. Maximum likelihood phylogeny (PhyhdL) of plastid S5U rDNA, Bootstrap probabilities of PhyhiL

and posterior probabilities of MBayes are shown for nodas with support over 50% (dashes represant
support lower than 50%). Major photosynthetic groups are labeled on the right.



Dinophysis
acuminata feeding
on Mesodinium
rubrum

Mechanism:
Myzocytosis

Park et al.
X1l HAB Conference

Aguat. Microb. Ecol.
In press
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letters to nature

Cryptophyte algae are robbed of
their organelles by the marine
ciliate Mesodinium rubrum

Daniel E. Gustafson Jr, Diane K. Stoecker, Matthew D. Johnson,
William F. Van Heukelem & Kerri Sneider

University of Maryland, Center for Environmental Science,
Horn Point Laboratory, PO Box 775, Cambridge, Maryland 21613, USA

NATURE VOL 405 29 JUNE 2000

First succes to cultivate Mesodinium rubrum fed with 7Teleaulax acuta



The bloom forming ciliate Mesodinium rubrum harbours a single
permanent endosymbiont

Hansen & Fenchel, Mar.Biol.Res. 2006)
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