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Alveolates

» large group of protists
3 main groups, distinct in morphology, life strategies...

« common ultrastructural features
— micropores
— cortical alveoli + extrusomes (ejectosomes)

" )
mp

Fig. 2. Ultrastructural characteristics of pinocytic structures in the Alveolata including micropores (mp) of (A)
apicomplexans and (B) Perkinsus species as well as (C) the collared pits (cp) of dinoflagellates and (D) the pellicular
pores {pp) and parasomal sacs (ps) of ciliates.
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Alveolates

Colpoda inflata [MaTH08)

Tetrafymena thermophifa [M10832)

64

Euplotes sedicuiafus [X03348]
Oxylricha nova [X03948]
Colpodelia pontica [AYOTE082)
Cryptosporidium parvum [X64341]
Thelleria parva [AF013418]
Eimeria nieschulzi [U40263)
Sarcocystis muris [ME4244]
88— Toxoplasma gondii [L24381)
Unculiured perkinsozoan [AYg19720]
13} ; Parvilucifera infectans [AF133208]
1007 Parvilucifera sinarae RRF-2008 [EUS02612]
Perkinsus mannus P [AF128013]
Uncultured perkinsozoan [AF530538]
Uncultured perkinsozoan [DO244038)
Uncultured perkinsozoan [AY5197386)
Uncultured perkinsozoan [DQ244021]
& Thalassomyces fagei [AY340580)
100" Thalassomyeas sp. JDS2003 [AY340591]

Ve 94 4 Ellobiopsis chattoni F141-2E-2
(102} i Ellobiopsis chattoni F141-2E-1

llobiopsis chattoni F141-2E-4
57 Ellobiopsis chattoni F141-2E-8
Uncultured Group | Alveclate DH144-EKD3 [AF280084)
Uncultured Group | Alveolate DH148-EKD22 [AF280078]
Duboscguella sp, Hamana-2003 [AB295041]
Ichihyodinium sp. PL [AB276368]
52 Uncultured Group | Alveolate OLI11033 [AJ402353]
Hematodinium perezi [EFOS5717)
Syndirium furbo [DQ146404]
Uneultured syndiniales LC22-5EP-44 [DQ504327)
Uncultured Group || Alveolate DH148-EKD14 [aF280074)
Uncultured Group || Alveolate OLI11012 [aJ402330]
Uncultured Graup |l Alveolate DH14T-EKD3 [4F220058)
ks Uncultured syndiniales LC22-5EP-11 [DQ504320]

Amoebophrya ex. Caratium fripos [AY208852]
Amoebophrya ex. Scrippsielia sp. [AF4T2555)
100 Amoebophrya ex, Prorocentrurm minimum [AY2086854]
76 Amoebophrya sp. [AF063516]

Nocliluca scintillans [AF022200]
Haplozoon axiothellae [AF2T4264]

Prorocentrum micans [AJ415519)

Dinophysis norvegica [AF239251]

98- Dinophysis rofundata [AJ506975)]

Wok:-;zymkra paschert CCACO0TS [EF058253]
Folarella glacialis CCMP-2088 [EF434275]
Symbiodinium microadriaticem NE PCCTA7 [EF452514]

He:arocapsa triquelra GSWO20B-2 [AY42178T]

Peridinium bipes [AF231805]
100 Pendinium volzii NIES501 [EF058248]
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Kryptopendinium foliaceum UTEX 1888 [EF492508)
& Protopendinium bipes [AB284159]
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100 Protopenidinfim Comcum [AY443020]

sof5 £ Gymnodinium fuscum [AF022194]

Polykrikos kofoidii [DQ3T1292)
Phlasteria piscicida PPSB2T [DQ%01382)
Gonyaulax venor [AY443013)
Linguwiadinium polyedrum CCCM-202 [AF274269]
Ceratium furca [AJ276698]
Cevatium hirundinella [Ay443014]

Alexandrium tamarense ATNHDT [EL024784]

92 Gambierdiscus sp. ruetzlers NOAAB-B [EF202860]

Profoperdinium depressum 42-43 [AB255E834]
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Alveolata, Ciliata

one of the most common
group of protists (nalevnici)
cilia covering the cell surface
lakes, ponds, oceans, soll

free-living, symbionts,
parazites

2 nuclel types: micronuclel,
macronuclel



http://upload.wikimedia.org/wikipedia/commons/6/65/Haeckel_Ciliata.jpg

Alveolata, Colponemida

» Colponema

e ancestral Alveolate
morphology




Alveolata, Apicomplexa
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http://en.wikipedia.org/wiki/Image:Plasmodium.jpg

Blepharisi

Alveolata, MAG | a |l

a americanum (M97909)
Oxytricha nova (X03948)

Colpoda inflata (M97908)
Paramecium tetraurelia (X03772)

Oxyrrhis marina (4)

_|:‘%\Cullmcd alveolate (AF372785)
60 100 Theileria (5)
64

Cryptosporidium (7)

199 Uncultured alveolate AT4-98 (AF530536)
97 g Perkinsus (8)
r—— Uncultured Peridinium (2)
10 Uncultured marine alveolatc DH14S-EKD20 (AF290067)
_: Eukaryote clone OLIT1038 (AJ402328)
99 Eukaryote clone OLI1 1001 (AJ402327) :
Eukaryote clone OLI1 1011 (AJ402354) Marine alveolate

= WE: Eukaryote clone OLI11033 (AJ402353) Group 1

! 100 Eukaryote clone OLI11029 (AJ402352)
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Eukaryote clone OLI11511 (AJ402343)
Associate 37 ex Androcyclas gamphonyca (DQ916408)
Uncultured alveolate AT4-42 (AFS30537)
Uncultured Dinophyceac OLI02001 (AF167413)
Uncultured alveolate HE000323 (DQ186537)
99 Uncultured alveolate HEO10218 (DQ186538)
Associate 68 ex Hexacontium pachydermum (DQ916405)
Uncultured marine alveolate Gr.l 48-5-EKD39 (AF290061)
Uncultured marine alveolate Gr.I DH148-EKD18 (AF290057)
Associate 29 ex ¢f: Actinomma sp. (DQ916407)
Associate 11 ex Streblacantha circumtexta (DQ916406)
Associate 65 ex Challengeron diodon (DQ916410)
Associate 21 ex pach (DQ9 )
Uncultured marine alveolate Gr.l DH148-EKD22 (AF290078)
96 Uncultured alveolate ATR-27 (AF530538)

Hematodinium sp. (2)
Assaciate 31 ex Hexacontium gigantheum (DQ916402)
Uncultured alveolate (DQ186525) Marine alveolate
Uncultured alveolate AT4-21 (AF530532)
Uncultured m: e alveolate Gr.Il DHI148-EKD14 (AF290079) Gmup 1
ne alveolate Gr.ll DII47-EKD6 (AF290068)
Uncultured marine alveolate Gr.Il DH147-EKD16 (AF290071)
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Uncultured alveolate RA010412 (DQ186533)
Amoebophrya sp. ex Alexandrium(2)/Ceratium(3)/Dinophysis(1)/Gymnodinium(2)/Karlodinium(1)/
51 Prorocentrum(2)/Scrippsiclla(1), A. sp. (1), Uncultured marine alveolate Gr.II (1)
Peridinium umbonatum (AF274271)
Dinophyceae sp. (AY251287)
Takayama cf. pulchellum (AY800130)
Gymnodinium sp. (AF274260)
Dinophysis rotundata (AJ506975)
Prorocentrum panamensis (Y16233)
Uncultured marine dinoflagellate DH147-EKD21 (AF290050)
Adenoides cludens 74249)
Amphidinium semilunatum (AF274256)
Glenodiniopsis steinii (AF274257)
Pentapharsodinium (2)
Amphidinium longum (1), Lessardia (1), Roscoffia (1)

Associate 5 ex Androcyclas gamphonyca (DQ916409)

Associate 8 ex Ceratospyris hyperborea (DQ916399)
Dinophyceac sp. ex Thalassicolla nucleata (DQ116022)
Dinophyceae sp. ex Thalassicolla nucleata (DQ116021)
'7—” Gyrodinium fusiforme (1), G. spirale (1), G. rubrum (1), G. helveticum (1)

Lepidodinium viride (AF022199)

93 =53~ Gymnodinium sp. (3)
T 3 "!crocap:a (7), Cachonina (2), Uncultured alveolate (1)
¢ Karlodinium micrum (1), Gymnodinium galathcanum (6), G. sp. (1), Gyrodinium galathcanum (1), G. sp. (1)

100
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Polycystine parasites ?

|68 Karena brevis (3), Gy di breve (2), G. (3), Gyrodinium aurcolum (2)
9% Iigg~_Cochlodinium polykrikoides (4)
_[Too~ Akashiwo sp. (2)
Scrippsiella nutricula (U52357) S llarian SymBIon]
100 Unidentified spumellarian symbionts (6) Spumellarian symuloHis

5~ Prorocentrum (13)
ECH Glenodinium (2), Symbiodinium (7), Gymnodinium simplex (1), G. beii (5), Polarella glacialis (1)

55~ Unculiured dinoflagellate (15), Dino e sp. (2)

Peridinium wierzejskii (1), Peridinium aciculiferum (1), Scrippsiella hangoei (1)

Associate 62/66 ex Phorticii loni DQI16401 i i 92
Associate 23B ex Phorticium p}lnnium (l()Q(‘f?MOO) ) Spumcllanan Sy mbionts ?
Scrippsiclla sp. (5), Scrippsi neyac (1), Peridinium polonicum (1)

Thoracosphaera heimii (1), Stoeckenia algicida (1), Pfiesteria (12),

Dinophy sp. (7), Cryptoperidiniopsis sp. (1), S. trochoidea (3)
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Molecular Diversity of Alveolates Associated with

Neritic North Atlantic Radiolarians

Jane K. Dolven™', Charlotte Lindogvist®, Victor A. Albert®, Kjell R. Bjorklund®, Tomoko Yuasa®,

Osamu Takahashi®, and Shigeki Mayama®

Group Il — parasites of dinoflagellates



Alveolata, Perkinsea

» parasites of mussels

Perkinsus marinus



Alveolata, Ellobiopsea

Ellobiopsis, Thalassomyces
- parazites of crustaceans

Figs. 1-17 Light micrographs of different life-cycle stages of Ellobiopsis chattoni parasitising copepods collected from the Bay of
Marseille, NW Mediterranean Sea. 1-6. Different stages of the development; 5-6. the arrows indicate a tube-like structure in the
distal part of the gonomere. 7-8. Specimen infecting Acartia clausi used for single-cell PCR. 9-14. Two parasites at different degrees
of maturation in the same host; 10-11. the arrows indicate the irregular surface on the distal part of the gonomere; 12-13. the arrows
indicate the budding of immature spores. 15-17. Live infected copepod: the arrows indicate the budding of spores formed after half
an hour of observation. 1-14. Ethanol-fixed specimens collected on May 29th, 2008. 15-17. Live specimen collected on June 10th,
2008. Scale-bar: 50 pm



Alveolata, Chromerida

» phylogenetically related to S EEES
Apicomplexa : Cais
« photosyntetic

Apicomplexa

colpodellids

parasitic
Apicomplexa

CCMP 3155
"," . I;/M.IJ

Plasmodium

originally isolated from a
coral thallus in Sydney
Harbour

simply cultivated (testing
the anti-parasitic drugs?)

loss of

photosynthesis Toxoplasma

Babesfa Sarcocysts

Theilena

Eimeria

gregarines

Cryplosporidium

photosynthesis



100 um

Fig. 1
liding with an Acropora digitifera larva. The larger clump ap-

Two Chromera velia clumps fluorescing bright red col-
pears to be digesting the ectoderm. The smaller clump has pos-

sibly been intemalised. Green and red fluorescence proteins are
also evident in the larva.

Chromerosome



Chromerida, VitreII
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sporangia surrounded by a large number
of cell wall layers



Alveolata, Dinophyta




Alveolata, Dlnophyta

« marine and freshwater algae
e autotrophic and heterotrophic

12.08.02, B40x

PERIDINIUM

Zth Publ #657. 1959.

S0 pm



General characteristics

cca 130 genera, 2000 species

monanoid, amoeboid, capsal, coccal, or
fllamentous thallus

90% of known species marine
autotrophic and heterotrophic
enormous primary production




Cell organisation

Desmokont flagelitype

O0g

Dinokont fiagelitype

Y &6

Dinophysoid Gonyaulacoid Gymnodiniold Peridinioid
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Cell organisation

ventral side dorsal side

apex

plastid

epitheca
- A/‘) transverse furrow) -
(cingulum, ~
girdle)
hypotheca

longitudinal furrow
(sulcus)

,Gymnodinium® type



Cell organisation

ventral view dorsal view

epitheca

hypotheca

TR S
8299 ‘!!’

apical view ,Peridinium® type  antapical view



Cell organisation




Cell organisation




plasmalema

Cell organisation

alveolar vesicles
containing cellulose plate
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Cell organisation

alveolar vesicles with amorphous material
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Cell organisation
connection of two adjacent plates

outer membrane of alveolar vesicle

plasmatic membrane intercalar band

pelicle

(cellulose + dinosporin)

suture inner membrane of alveolar vesicle



Cell organisation

structure of the thecal plate
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Plastids

only in 50% of species

chl a, c,, B-caroten, peridinin (or fukoxanthin),
diadinoxanthin, dinoxanthin

thylakoids stacked in triplets
3 membranes




Plastids

thylakoid

chloroplast
membrane

pyrenoid

e — [23 nm

[24 nm

6 nm
/12nm
=6 nm






Complex endosymbioses

MOCHa lineages
Cryptophytes

‘Complex’
plastid

O

Haptophytes

Secondary endosymbiosis
Ancestor of

( haptophytes

/ Red alga with
Ancestor of cryptophytes ‘primary’ plastid



Complex endosymbioses

Land plants
Green'algae

Glaucophytes

Secondary endosymbiosis
Secondaryendosymbiosis

Lepidodinium Dinophysis
Tertiarylendosymbiosis  Tertiary endosymbiosis Tertiary endosymbiosis Serialsecondary
(cryptomonad) l(haptophyte) (diatom) &ndosymbiosis

Karlodinium
.

Dinophysis Lepidodinium



Plastid types

Type |. — typical plastid (peridinin)

3 plastid lamella
membranes



Plastid types

Type Il. —reduced Stramenopile endosymbiont (fucoxanthin)

endosymbiont
membrane

endosymbiont
cytoplasm

endosymbiont
endoplasmatic
reticulum

plastid
membrane of the
endosymbiont

lamelles



Plastid types

Type lll. — reduced green endosymbiont (chl a + b)

vestigial endosymbiont nucleus

host membrane

endosymbiont
membrane

endosymbiont
cytoplasm

plastid membrane
of the
endosymbiont

endosymbiont
cytoplasm



Recent endosymbioses

Dinophysis — plastids continuously replaces from Cryptophytes

Hemiselmss virescens-Japanese Sea ABQ73112 (Takishita etal. 2002)

Teleaulax amphioxeia-North Sea K0434 AY453007 (Janson 2004) el V
Dingphysis norvegica-Japanese Sea AB073116 (Takishita et.al. 2002)

Dinophysis fortii-Japanese Sea AB073115 (Takishita ef.al 2002)

100 | Dinophy sis acuminata-Japanese Sea AB073114 (Takishita &.al 2002)

Dinophysis norvegica-North Sea

Dinophysis acuminata-Mastjord
Dinophysis norvegica-Masfjord :
Dinophysis acuminata-Baltic sea

Dinophysis sp. type 1-Greenland Sea

—  Geminigera cryophia-JS AB073111 (Takishita et.al. 2002)
Ripophysis sp, type 2:Greenland Sea DQO0GS04

100
97| Rincphysis sp.tvpe 1-Greeniand Sea

0.01

'l

Hatena (Katablepharids),
plastids from the green alga
Nephroselmis




Chloroplast genome

Minicircles — extremely reduced genome

* only 14 photosinthesis-related proteins coded
 Laatsch et al. (2004): minicircles found in the nucleus

— facilitation of tertiary endosymbiosis
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http://www.biomedcentral.com/1471-2164/7/297/figure/F1?highres=y

Heterotrophic nutrition

Katodinium, Gymnodinium — pedunculus

—_—




Heterotrophic nutrition

Protoperidinium — pedunculus, palium




Heterotrophic nutrition

Noctiluca scintillans — tentacle (modified pedunculus)




Heterotrophic nutrition

Paulsenella chaetoceratis — feeding tube penetrating into the
diatom setae
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Flagella

desmokont

dinokont



Flagella
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Flage
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Flagella

transverse flagellum




Flagella roots

transverse
flagellum

flagella canal
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Flagella roots - peduncle

6 = -,-'pedu_n,clé'

« I

- . TMR(R3)

Gymnodinium aureolum

nucleus

TSRM(R4) D
e o
B = iy

1: bbe

2: LB-TSRc
3: src

4: LB1-LMRc
5: LB2-LMRc



Piston

» repetitive and dramatic contractile motion
« suggested function for locomotion, prey capture or defense
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Stigma

Peridinium balticum — lipid granule




Stigma

Warnowia — complex stigma (ocelloid)




Ocelloid

(Mitochondria) +
‘Cornea’

‘Lens’

(Plastids)
Retinal body

Gavelis et al. 2015, Nature



Ocelloid

s el .
/\/ % Ocelloid
4 '
Fe

Ocelloid with plastid network

Focused ion beam SEM

Gavelis et al. 2015, Nature






Trichocysts

.




Nematocysts

e ballistic multi-barrel guns for taking out prey
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Dinokaryon




Mitosis

nuclear membrane

kinetochore
(f)
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Asexual reproduction




Sexual reproduction

Ceratium horridum — anisogamy, haplontic life cycle




Sexual reproduction

Ceratium cornutum — isogamy, haplontic life cycle




Cysts

* surviving for many years
* large inocula in coastal water sediments

Protoperidinium sp.

Pratoperidinium americanum

photomicrographs by Y. Fukuyo & K. Matsuoka



Cysts

* surviving for many years
* large inocula in coastal water sediments

vegetative g . : e
cells B % immature sexual reproduction : 5 resuscitation and growth

resting cysts * genetic recombination ; : * genetic recombination
- influence factors: nutrients, ; i+ influence factors:

., temperature, light, ... : © temperature, light, nutrients...
} * bloom determination

- bloom initiation

planomeiocyte
Sea floor

restivhg. cysts

> life cycle process of cyst-forming dinoflagellates and (B) ecological implications of life cycle dynamics. Note: Created with



Fosil cysts - hystrichospheres
* age of up to 600 mil. years (precambrium)




Red tides




Prorocentrum Prorocentrum Dinophysis caudata(B)
sigmoides(A)  micans(B)

X T

)
L e

e

Symnodinium ochlodinium  Gymnodinium
YSanguineum (A) polykrikoides(C) ymikim_otol(c)

TG

N

Ceratium  Ceratium :
furca (A) fusus(A) Lingulodinium Protoceratium
polyedrum (A) reticulatum(A)

onyaulax — Gonyaula
sp!rl»(ilora(a) pol}ggranfma(B)
1

. \ S ¥ P 2o
‘ L35 Heterocapsa Heterosigma,
c;:%/g{%go ! ne(A) friquetraia) akashiwo (B)

| = < Raphidophyceae

crpsis Heterocapsaic) Fibrocapsa ttonella antiqua (C)
trocholdea(A) circularisquama japonica (C)




Red tides




MODIS fluorescence
November 21, 2004
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Red tides

Negative influence on marine organisms

formation of anoxic environment
noor light penetration

nlugging of fish gills

oroduction of toxins




Red tide

Mass mortality of flat-fish by red tide of

Cochlodinium polykrikoides



Red tides

NSP - Neurotoxic Shellfish Poisoning




Red tides

NSP - Neurotoxic Shellfish Poisoning

Gymnodinium breve — brevitoxin
accumulation in mussel (water filtration)

neurotoxin — influence on
Nat canals

gastroenteritis,
neurological and respiratory |
problems (inhalation of
aerosols)




Red tides

NSP - Neurotoxic Shellflsh P0|son|ng




Red tides

PSP - Paralytic Shellfish Poisoning
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Red tides

Alexandrium tamarense

PSP - Paralytic Shellfish Poisoning
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Red tides

PSP - Paralytic Shellfish Poisoning

saxitoxin, neosaxitoxin
accumulation in mussels
nausea, vomiting, diarrhea, s

abdominal pain, brain DAER

SECTEUR

dysfunction s’;ﬁaﬁ%ﬂﬁ?ﬁs
rarely complete paralysis, e o
death by suffocation ?%ngr%; .ﬁ%?}s":
no antitoxin " hem—

mortality 8,5 - 9,5 %



Red tides

PSP - Paralytic Shellfish Poisoning

Guatemala 1978: 50 % of all infected children died

| TOXIC
SHELLFISH

Shellfish from this area
are unsafe to eat due

to shellfish toxins.

DO NOT EAT CLAMS,
MUSSELS, OR SCALLOPS

iCUIDADO! CRUSTACEOS TOXICOS
CRUSTACEOS SACADO DE ESTA
ZONA SON INSEGUROS DE COMER Y
PUEDEN RESULTAR EN PARALISIS.
NO COME ALMEJAS, OSTRAS,
MEJILLONES OR MOLUSCOS.

OREGON STATE DEPARTMENT OF AGRICULTURE !
'FOR FURTHER INFORMATION: (503) 986-4720

Shatlixh  Lakl) X G ]
Tha Oragon Dept. of Fish & Wildilfe requires a clam

!lsluq be closed when he:nh dvbor’u mksuoﬂc" R




Red tides

Scallop Patinopecten yessoensis

culture by
a string tied
to the rope

left side shell right side shell

midgut gland

labial palps (

~

\ _heart

Y intestine
testis f
y
N : 5 X :'/'/\‘._ o
anus N R, Mo
mantle & / S

culture in cage net

WESTPAC-HAB
10C Harmful Algal Bloom Programme

R0019

adductor muscle gills



Red tides

DSP - Diarrhetic Shellfish Poisoning




Red tides

DSP - Diarrhetic Shellfish Poisoning

- B, . -, -




Red tides

DSP - Diarrhetic Shellfish Poisoning

 gastrointestinal symptoms, no neurological
symptoms

e accumulation in mussles

 diarrhea, vomiting, hospitalisation not
needed

Dinophysis fortii  Dinophysis acuminata  Dinophysis mitra
Dinophysis
caudata




Red tides

CFP — Ciguaterra Fish Poisoning




Red tides

toxins (50 000 cases per year)

Gambierdiscus toxicus

accumulation in marine tropical fish
(barracuda, ...)

gastrointestinal symptoms: diarrhea, vomiting
neurological symptoms: hallucinations, burning
sensation on contact with cold

cardiological symptoms: arytmia, cardiac arrest

mOrtaIity O,l - 12 % (pulmonary arrest, cardiac arrest)




Red tides

CFP — Ciguaterra Fish Poisoning
WESTPAC/IOC/UNESCO <.
Vector fish of ciguatera toxins

Neso unleornis

Chellinus undulatus Lethrines miniatus

Clenochaetus steiatus

Neso brevirostris
Lutjanus bahor

Epinephelus fuscoguttatus

Glabrilutionus nematophorus

Scarus gibbus

Cephalopholis argus

Plectropomus leopardus

Plectorbynchus punctatissimus

Gymnothorox undulalus

Sphyraena barracuda



Red tides

Shrimp culture farms in mangrove
~ along the coast of the Gulf of Thailand

Photo by Dr. Thaithaworn Lirdwitayaprasit
of the Department of Fisheries of Thailand

IOC-WESTPAC HAB R0006




Red tides

Red olert . . . commerdciol fisherman Ted Allon with o somple of the red clgoe
ot Little Manly yesterday . PHOTO: Julion Andeews

Pollution alert

SWIMMERS were warned to stay out of .
the water yesterday as a tide of red algee
washed inte Manly Cove and storm-

water pollution fouled Quecaschiff
Beach. might have been ballast water dumped

Reachwatch masager Steve Higham  from x ship,

Red Tlde ResearCh Photograph by Mr. Savier Urrutia (The Manly Daily, lgth February, 1997)

Red tide of Noctiluca scintillans in the WESTPAC-HAB
Basque Country (San Sebastian) 10C Harmful Algal Bloom Programme R0015




Bioluminescence

* animals, bacteria, ...; among autotrophic
organisms only dinoflagellates
* |ucipherin (oxidation catalyzed by lucipherase)

 reduction of predation

« mechanically, chemically or osmotically
mediated




Bioluminescence

Noctilluca scintillans - scintilons







Bioluminescence

Pyrocystis - scintilons




Bioluminescence




QUANTITY/PRODUCT
(3) 30 ml bags

(107 20 ml bags

(307 3 ml wials

(30) 10 ml tubes

(1) 1 liter container

Bioluminescence
Pyrocystis fusiformis

Lights From The Sea (Pyrocysris fusiformis) is a study in Marine Science. These tinv plants lnve
in the ocean. Theyv are unicellular algae, which look like delicate, beautiful, golden eves, and produce
oxvgen and sugars like all plants do. In the dark, Lights From The Sea produce glowing blue light.
Pyrocystis sets its bioluminescence by a biological clock (just like our sleep patterns). At sunset the
cells produce the chemicals that cause a uciferin-luciferase reaction. You can see the general shape
of the plant through a magnifving glass. You do not need to feed them since thev use the light in vour
room to photosvnthesize producing their own oxvgen and food. Lights From The Sea can last
several weeks to months. Y ou must treat them as vou would a delicate plant or a bouquet of
flowers. Thev need light but prefer to remain between 30 and 70 degrees Fahrenheit. Pirocyssis
fusiformis is a visuallv exciting marnine science, great for science fairs, classroom learning, and
special events. Lights From The Sea Price List

SHIP U.S. PRIORITY
520.00
550.00
530.00
545.00
580.00




Why the dinoflagellates shine?

(A) startling predatory copepods
(B) warning potential predators of toxicity,
(C) drawing the attention of higher order visual predators to the copepod’s location.

© Doug Perrine



Why the dinoflagellates shine?

They probably produce the light to help predators preying
herbivors of dinoflagellates



http://www.youtube.com/watch?v=bCNjXaMPZxw



http://www.youtube.com/watch?v=bCNjXaMPZxw

Symbiotic dinoflagellates

» green algae (zoochlorells) - in freshwater
habitats and terrestrial ecosystems

 dinoflagellates (zooxanthels) — in marine
environments




Symbiotic dinoflagellates

chidarians - corals




Symbiotic dinoflagellates

chidarians — sea anemones

Anthopleura




Symbiotic dinoflagellates

Fungia scutaria, planula




Symbiotic dinoflagellates

cnidarians - jellyfish

Mastigias papua




Symbiotic dinoflagellates

Radiolaria




Symbiotic dinoflagellates

Foraminifera
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