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sp. nov. (Prymnesiophyceae) from False Bay and Franskraal,

South Africa
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A novel colonial prymnesiophyte from the inshore waters of South Africa, which is reminiscent of the genus Corymbellus, is

described at light and electron microscope levels. It differs from the only species of this genus, Corymbellus aureus, in scale

structure, cell shape and colony morphology and has a complement of unusual morphological features that link it most with

members of the Prymnesiales. Phylogenetic analyses of the nuclear-encoded SSU and LSU ribosomal DNA sequences indicate

that this organism is closely related to members of the genus Prymnesium sensu lato and it is thus considered as a novel species,

here named P. radiatum. The closest relative to P. radiatum in the SSU rDNA phylogenetic tree was Prymnesium neolepis

(formerly Hyalolithus neolepis). The reconfiguration of the cytoskeleton during cell division in this organism is also novel, with

a progressive elaboration of existing elements, rather than the massive reorganization expected in the prymnesiophytes.

Key words: colonial flagellate, LSU, phylogeny, Prymnesium, Prymnesiales, Prymnesiophyceae, rDNA, SSU, ultrastructure

List of abbreviations used in figures: AB1, AB2, accessory bands one and two proximally attaching the basal bodies and the

haptonematal base; BB, basal body; BB1, BB2, basal body of flagellum 1 and flagellum 2 respectively; C, chloroplast; CER,

chloroplast endoplasmic reticulum; CR1, CR3, compound crystalline roots nucleated on R1 and R3 respectively; DF, distal

fibre connecting the basal bodies distally; F, flagellum; F1, F2, left (oldest) and right flagella respectively; G, Golgi body;

GTR, general time reversible model; H, haptonema; HS, hat-like structure of flagellum; IF, incipient furrow during cytoki-

nesis; LS, longitudinal section; LSU, SSU, large and small subunits of the ribosome; M, mitochondrion; ML, maximum

likelihood; MP, maximum parsimony; MV, muciferous vesicle; N, nucleus; NJ, neighbour joining; PD ring, plastid dividing

ring; PER, peripheral endoplasmic reticulum; Py, pyrenoid; R1, right microtubular root associated with BB1 and nucleating

on haptonema; R2, left microtubular root associated with BB1; R3, R4, left and right microtubular roots respectively asso-

ciated with BB2; R1F, fibre attaching R1 to the distal fibre; SH-like, Shimodaira–Hasegawa test; TS, transverse septum of

flagellum; V, vacuole; XS, transverse section; 31, 32, nascent basal bodies associated with BB1 and BB2 respectively

Introduction

The Prymnesiophyceae (Hibberd) Cavalier-Smith,
on the basis of 18S rDNA sequence analysis, has
four orders, the Phaeocystales Medlin, the
Prymnesiales (Papenfuss) Edvardsen & Eikrem,
the Isochrysidales (Pascher) Edvardsen &
Eikrem and the Coccolithales (E. Schwarz)
Edvardsen & Eikrem (Edvardsen et al., 2000).
The last of these encompasses three extant
orders (the Coccolithales, Zygodiscales and
Syracosphaerales) and several other fossil orders
(e.g. Young & Bown, 1997), all mainly

distinguished by coccolith morphology. With
regard to the class as a whole, additional
orders are possible, although these are based on
environmental sequences rather than on isolated
cultures (Edvardsen et al., 2000; Saez et al., 2004;
Liu et al., 2009). While attempts have been made
to characterize these orders at the morphological
level, a disparity of information on their charac-
ters in the literature makes the circumscriptions
(Edvardsen et al., 2000) incomplete and therefore
the boundaries unclear, although it is accepted
that the very process of evolution through
which they arose could well preclude such
clear-cut boundaries. Nevertheless, the general
features of cells of these orders are as follows.
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Cells of extant coccolithophorids are obviously
characterized by being coccolith-bearing at least
at some stage of their life histories. They have
compound flagellar roots, a helical structure
distal to the proximal transitional plate of the
flagellum, a relatively short or indistinct hapto-
nema, and bulging pyrenoids (Edvardsen et al.,
2000). The Isochrysidales (Pascher) Edvardsen &
Eikrem (now excluding Imantonia Reynolds) may
similarly have coccolith-bearing non-motile forms
(Emiliania Hay & Mohler, Gephyrocapsa
Kamptner and Reticulofenestra Hay, Mohler &
Wade) (Edvardsen et al., 2000; Jordan et al.,
2004), but the coccolith structure is different.
They are further characterized by having motile
cells with equal or subequal flagella but which
lack an emergent haptonema (Edvardsen et al.,
2000). The Prymnesiales (Papenfuss) Edvardsen
& Eikrem have equal or subequal, subapically
or apically inserted flagella, an obvious hapto-
nema (with the exception of Imantonia), cells
covered by organic body scales, and show no
evidence of coccolith formation (Edvardsen
et al., 2000). Some members of the genera
Prymnesium Massart (Pienaar, 1980) and
Hyalolithus Yoshida, Nakayama & Inouye
(Yoshida et al., 2006) may deposit siliceous
matter on the distal surfaces of their scales (the
latter is now considered to be a species of
Prymnesium; Edvardsen et al., 2011) or on the
cell covering of the cysts (of Prymnesium
parvum, Green et al., 1982). Motile cells of the
order Phaeocystales Medlin (formerly considered
to be members of the Prymnesiales by Parke &
Green (in Parke & Dixon, 1976)) similarly have
equal to subequal flagella and a short but obvi-
ous haptonema, and may act as swarmers for
large non-motile, mucilaginous colonies or may,
as in Phaeocystis cordata Zingone & Chrétiennot-
Dinet (Zingone et al., 2000), represent the sole
form of existence (Edvardsen et al., 2000; Saez
et al., 2004). Analysis of molecular data indicates
that the unicellular, flagellate condition within
the Phaeocystales is primitive (Saez et al.,
2004). Non-benthic, colonial forms within the
Prymnesiophyceae are restricted to Phaeocystis
Lagerheim and the monospecific genus,
Corymbellus Green, the latter of which is motile
and not encased in mucilage (Green, 1976). Cells
of Corymbellus are yellow-green, each bearing
subequal flagella and a short, but obvious, hap-
tonema and are attached posteriorly to form
spherical or annuloid colonies, with their flagellar
poles directed outwardly (Green, 1976). They
possess two organic scale types, a simple form
typical for the class restricted to the flagellar
pit and a larger form with a central distal spine
that covers the cell body. Both have rims, and in

spite of the body scale covering the entire cell
being considered as ‘heavy’ (Green, 1976), neither
of them provides the scale with much of a lateral
profile. Although isolated into culture (Green,
1976) and subsequently encountered as the dom-
inant organism in a spring bloom in the North
Sea (Gieskes & Kraay, 1986), no living culture of
the organism currently exists (J.C. Green, pers.
comm.) and thus it has not been included in any
of the molecular phylogenetic analyses under-
taken on the Prymnesiophyceae (Edvardsen
et al., 2000; Saez et al., 2004). However, it was
placed in the Prymnesiales sensu Christensen
(1962) because of the obvious haptonema
(Green, 1976).
Recently, Edvardsen et al. (2011) reinvestigated

37 members of the Prymnesiales using the complete
nuclear-encoded SSU ribosomal gene, part of the
LSU ribosomal gene and part of the plastid
SSU ribosomal gene in addition to available mor-
phological features. They found that the genus
Chrysochromulina is polyphyletic, with non-
saddle-shaped species (i.e. excluding the type of
Chrysochromulina, C. parva) clustering with species
of Prymnesium, Hyalolithus and Platychrysis
(Geitler) Gayral & Fresnel to form a new family,
the Prymnesiaceae Conrad ex O.C. Schmidt emend.
Edvardsen, Eikrem & Medlin. They placed the
true (saddle-shaped) Chrysochromulina species
in another new family, the Chrysochromulinaceae
Edvardsen, Eikrem & Medlin (Edvardsen et al.,
2011). Because Platychrysis, Hyalolithus,
Chrysochromulina polylepis Manton & Parke,
C. chiton Parke & Manton, C. minor Parke &
Manton, C. kappa Parke & Manton and
C. palpebralis Seone, Eikrem, Edvardsen &
Pienaar all fell within the Prymnesium clade,
they reassigned them and, where appropriate,
all their members to this genus (Edvardsen
et al., 2011).
Enrichments of offshore water samples taken

from False Bay in December 1996 revealed the
presence of a flagellated colonial prymnesiophyte,
somewhat reminiscent of Corymbellus and the
chrysophyte genus, Synura Ehrenberg. This
organism was subsequently encountered in
enriched samples taken during an intensive
survey of the flagellates off Franskraal in
Walker Bay, Western Cape (January 1998) and
from the Piesangs River Lagoon at Plettenberg
Bay (September 2004). The form of individual
cells was clearly different from that of
Corymbellus aureus Green, as was the form of
the colony itself, and this report provides a
detailed description of the organism, together
with consideration of its placement within the
Prymnesiophyceae using both morphological
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and nuclear-encoded SSU and LSU ribosomal
DNA sequences.

Materials and methods

Samples from the inshore waters of False Bay
(December 1996) and Walker Bay in the Western Cape
(January 1998) were enriched with Provasoli’s enriched
seawater medium (PES) (McLachlan, 1973) and subse-
quent clonal cultures of a colonial flagellated prymne-
siophyte were established by dilution culture followed by
micropipetting (isolate BO9 from 2000 and isolate BO18
from 2006). Resultant cultures were maintained in an
environmental chamber at 20�C in a 16 h : 8 h L:D
cycle at 60 mmolm�2 s�1. Cultures of the oldest isolate
no longer produce large numbers of colonies and mostly
comprise unicells or twinned cells.

Microscopy

Cells were observed using a Zeiss Axiophot microscope
using bright field, phase and differential interference
optics and all dimensions provided are the means of at
least 50 individual measurements. The micromorphol-
ogy of the scales was determined after shadow casting
whole mounts of cells, on formvar film, fixed by the
vapours of 2% OsO4, with gold–palladium. For cell
ultrastructure, material was prepared by fixing, for
1 hr at room temperature, equal quantities of dense cul-
ture with 2.5% glutaraldehyde in 0.1M sodium cacody-
late buffer (pH 7.5) prepared with 0.5M sucrose. Cells
were sequentially washed in buffer with decreasing
sucrose concentrations and post-fixed with 0.2% OsO4

in buffer for 1 h at room temperature. After washing, the
material was dehydrated through an alcohol series and
infiltrated and embedded in Spurr’s resin (Spurr, 1969).
Serial sections were cut on a Reichert UltracutE micro-
tome and collected on formvar-coated slot grids. These
were stained with 2% aqueous uranyl acetate for 20min
and counterstained with Reynolds’ lead citrate (1963)
for 15min and the sections viewed using a JEOL100S
electron microscope at 80KeV.

DNA sequencing and phylogenetic analyses

About 50ml culture of P. radiatum were harvested by
centrifugation (3000 rpm for 15min, Sorvall RT7,
USA). DNA was extracted by the EZNA SP Plant
Miniprep kit (Omega-Bio-Tek, Norcross, GA, USA)
according to the manufacturer’s protocol. The SSU
nuclear ribosomal encoding region was amplified using
primers 1F and 1528R, and the LSU nuclear ribosomal
encoding sequences, including the D1 and D2 domains,
using the primers DIR and D2C as in Edvardsen et al.
(2003). The PCR reactions were run in total volumes of
50 ml, consisting of PCR water (5Prime, Hamburg,
Germany), 5 ml of 10�PCR buffer containing 1.5mM
of MgCl2, 100 nM of each primer, 200 mM dNTP, 1U
of Taq polymerase (MasterTaq polymerase, 5Prime,
Hamburg, Germany), 5ml MasterTaq enhancer and
5ml template DNA. Amplification was performed in
an Eppendorf Mastercycler Gradient (Eppendorf,

Hamburg, Germany) thermal cycler as follows: initial
denaturation at 94�C for 3min followed by 35 cycles
of denaturation at 94�C for 45 s, annealing at 50�C for
45 s and extension at 72�C for 2.5min. After the cycles,
extension was completed at 72�C for 10min. The PCR
products were loaded onto an ethidium bromide stained
0.8% agarose gel in TAE buffer, and checked for purity
and correct fragment length. The PCR fragments were
purified (ExoSAP-IT, USB, USA) and bi-directionally
sequenced using Applied Biosystems BigDye
Terminator and an Applied Biosystems 3730 analyser
(Applied Biosystems, Foster City, CA, USA) automatic
sequencing device at the Department of Biology,
University of Oslo, Norway and sequencing primers as
in Edvardsen et al. (2003).

The sequences in both directions were aligned pair-
wise, assembled and manually edited using the software

BioEdit v7.0.5 (Tom Hall, Ibis Biosciences, Carlsbad,

CA, USA). The SSU and LSU nuclear ribosomal

encoding sequences of P. radiatum were aligned with

additional haptophyte sequences (Table 1) using the

Clustal W (Thompson et al., 1994) option in BioEdit

v. 7.0.5. After alignment, ambiguous regions in the

SSU and LSU rDNA were removed (1600 sites of

SSU and 534 sites of LSU remained) with Gblocks

(v0.91b) using the following parameters: SSU: minimum

length of a block after gap cleaning: 10, no gap positions

were allowed in the final alignment, all segments with

contiguous non-conserved positions bigger than 8 were

rejected, the minimum number of sequences for a flank

position was 85%. LSU: minimum length of a block

after gap cleaning: 5, positions with a gap in less than

50% of the sequences were selected in the final align-

ment if they were within an appropriate block, all seg-

ments with contiguous non-conserved positions bigger

than 8 were rejected, and the minimum number of

sequences for a flank position was 55%. The phyloge-

netic trees were constructed using the maximum likeli-

hood in PhyML v. 3.0 aLRT (Dereeper et al., 2008;

Guindon & Gascuel, 2003), and the neighbour-joining

(NJ) and maximum parsimony (MP) in MEGA v. 4.0.2

(Tamura et al., 2007). The substitution model for ML

analyses was determined in Modeltest (Posada &

Crandall, 1998) to be General Time Reversible (GTR

under the AIC criterion). The model was applied to

PhyML where invariable sites (0.678 for SSU and

0.232 for LSU nuclear ribosomal encoding DNA) and

gamma distribution (0.680 for SSU and 0.353 for LSU

nuclear ribosomal encoding DNA) were estimated in the

four categories. With the PhyML method, tree searches

were done with NNIs from a BIONJ starting tree.

Bootstrap confidence levels were estimated from 100

pseudo-replicates. In the NJ analysis the nucleotide:

maximum composite likelihood model was used, with

500 bootstrap replicates. In the MP analysis, CNI

(level¼ 1) was used with initial tree by random addition

(10 reps) and with 500 bootstrap replicates. Modeltests

were performed on the BioPortal at the University of

Oslo (www.bioportal.uio.no) and PhyML online at

Phylogeny.fr (http://atgc.lirmm.fr/phyml). Sequences

were submitted to EMBL and have the accession

numbers FR677016 (isolate number BO18, SSU
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rDNA) and FR677017 (isolate number BO18, partial

LSU rDNA). The alignments are available as supple-

mentary files (available via the Supplementary Content

tab of the article’s online page at http://dx.doi.org/

10.1080/09670262.2011.554886).

Results

Prymnesium radiatum Sym, Pienaar, Edvardsen &

Egge, sp. nov.

DIAGNOSIS: Cellulae ad extremitates posticas con-
tractae flagellis duobus ad extremitates anticas
insertis et haptonemate non-spirali plus-minusve
dimidio minore quam cellula. Cellulae non-phago-
trophicae. Chloroplasti duo aureique pyrenoidibus
immersis et lobis anticis duobusque et lobis posticis
duobusque. Puncta (vesiculae mucilaginae) inter
lobes chloroplastorum praesentes. Cellulae
coloniales polis flagellorum centrifugis et ad extre-
mitates posticas muco affixae. Coloniae mobiles
modo tremulo rotatae. Corpora cellularum stratis
duobus formarum duarum squamarum organi-
carum; forma interior elliptica et forma exterior

magna flos-olliformisque. Tantum reproductio
agamica visa.
Cells, elongated, of irregular shape, tapered

posteriorly with two apically inserted, subequal,
homodynamic flagella and a non-coiling hapto-

nema, about half the length of the cell and shorter

than the flagella. Cells non-phagotrophic. Two

golden chloroplasts with immersed pyrenoids,

two short anterior lobes and two long posterior

lobes. Puncta (muciferous vesicles) present between

the chloroplast lobes. Cells colonial, with flagellar

poles directed outwards and held together at their

posterior ends by mucilage. Motile colonies rotate

in a trembling fashion. Cell bodies covered by two

layers of two types of organic scale; the inner type

elliptical and the outer large and flowerpot-shaped.

Only asexual reproduction known.
HOLOTYPE: Isolate BO9, algal culture collection,
School of Animal, Plant & Environmental

Sciences, University of the Witwatersrand,

permanent slide of material embedded in Spurr’s

resin lodged in the Moss Herbarium, University

Table 1. List of taxa used in the phylogenetic analyses and their EMBL accession numbers for SSU and LSU nuclear

ribosomal encoding sequences. Sequences in bold are from this study.

Species

Accession no

SSU rDNA

Accession no

LSU rDNA

Chrysocampanula spinifera Fournier – AM850679

Chrysochromulina acantha Leadbeater & Manton AJ246278 –

Chrysochromulina campanulifera Manton & Leadbeater AJ246273 AJ876800

Chrysochromulina cymbium Leadbeater & Manton AM491018 AM779761

Chrysochromulina leadbeateri Estep, Davis, Hargraves & Sieburt AM491017 AM850687

Chrysochromulina parva Lackey AM491019 –

Chrysochromulina scutellum Eikrem & Moestrup AJ246274 –

Chrysochromulina simplex Estep, Davis, Hargraves & Sieburth AM491021 AM779760

Chrysochromulina throndsenii Eikrem AJ246279 AJ876799

Haptolina brevifila (Parke & Manton) Edvardsen & Eikrem AM491012 AM850680

Haptolina cf. herdlensis (Leadbeater) Edvardsen & Eikrem AM491011 AM850684

Haptolina ericina (Parke & Manton) Edvardsen & Eikrem AM491030 AM850682

Haptolina fragaria (Eikrem & Edvardsen) Edvardsen & Eikrem AM491013 AM850683

Haptolina hirta (Manton) Edvardsen & Eikrem AJ246272 AM779758

Imantonia rotunda Reynolds emend. Green & Pienaar AJ246267 AM779757

Imantonia sp. AB183606 –

Isochrysis galbana Parke emend. Green & Pienaar AJ246266 –

Phaeocystis antarctica Karsten – AF289040

Pleurochrysis carterae (Braarud & Fagerland) Christensen AJ544120 –

Prymnesium aff. polylepis, strain PLY200 AJ004868 AM850689

Prymnesium annuliferum Billard AM491007 –

Prymnesium calathiferum Chang & Ryan AM491008 AM850696

Prymnesium chiton (Parke & Manton) Edvardsen, Eikrem & Probert AM491029 –

Prymnesium faveolatum Fresnel AM491005 AM850701

Prymnesium kappa (Parke & Manton) Edvardsen, Eikrem & Probert AJ246271 AM850685

Prymnesium minus (Parke & Manton) Edvardsen, Eikrem & Probert AM491010 –

Prymnesium nemamethecum Pienaar & Birkhead AM491004 AJ876798

Prymnesium neolepis (Yoshida, Noël, Nakayama, Naganuma & Inouye) Edvardsen, Eikrem & Probert AB183265 –

Prymnesium palpebrale (Seoane, Eikrem, Peinaar & Edvardsen) Edvardsen, Eikrem & Probert AM779755 AM779756

Prymnesium parvum f. parvum N. Carter emend. Green, Hibberd & Pienaar AJ246269 AJ876804

Prymnesium parvum f. patelliferum Green, Hibberd & Pienaar emend. Larsen L34670/71 AJ876795

Prymnesium pienaarii (Gayral & Fresnel) Edvardsen, Eikrem & Probert AM491027

Prymnesium pigrum (Geitler) Edvardsen, Eikrem & Probert AB183611 AM850695

Prymnesium polylepis (Manton & Parke) Edvardsen, Eikrem & Probert AJ004866 AM850688

Prymnesium radiatum sp. nov. FR677016 FR677017

Prymnesium zebrinum Billard AM491001 AM850700
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of the Witwatersrand, Johannesburg (Accession
Number J100093).

TYPE LOCALITY: False Bay, South Africa.
ISOTYPE: Isolate BO18 (Franskraal, South Africa),
algal culture collection, School of Animal, Plant
& Environmental Sciences, University of the
Witwatersrand.
HABITAT: Marine, planktonic in inshore waters,
encountered in summer months.
ETYMOLOGY: Radiatus (L) – radiating, referring to
the arrangement of the cells in the colony.

Morphology of the colonies, cells and scales

Colonies of Prymnesium radiatum have a variable
number of cells, usually 6–8 in exponentially grow-
ing cultures, but ranging from 2 to 20, with higher
numbers (Fig. 5) more common in ageing cultures.
Cultures rapidly collapse at the end of the expo-
nential phase. The cells of colonies radiate out
from a central point, with their flagellar poles out-
wardly directed (Figs 5, 7–9). Each cell is elongated
and tapers to its base (Figs 1–5, 7–9) and has two
chloroplasts (Fig. 6), which are golden. The chlo-
roplasts are lobed (Fig. 6) both anteriorly, but par-
ticularly posteriorly (Figs 1–4) so that four long
obviously discrete and ribbon-like lobes, not
quite reaching the hyaline tail of the cell, can be
distinguished. Cells are 7.4–19.3 mm long (average
12.0mm) by 4.1–7.9 mm wide (average 6.4 mm).
Cells usually actively beat their flagella, causing
the entire colony to rotate while progressing, in a
trembling fashion, through the water column. The
sub-equal flagella (10.7–16.6 mm long; average
13.5mm) are sub-apically inserted and beat homo-
dynamically with a flagellar beat pattern. Inactive
colonies are also common, particularly whilst being
observed through a coverslip and, whilst in this
state, the sub-equal flagella are held widely splayed
(Figs 1–4) or with one flagellum tightly recurved
alongside the body of the cell (not shown) or with
both flagella tightly recurved along the surface of
the cell, crossing over each other about midway
down the length of the cell (lower cell, Figs 7–9).
The haptonema (3.9–7.8 mm long; average 6.37mm)
is obvious, unbending, and anteriorly directed
(Figs 3, 7) in both swimming and resting states.
Cells of intact colonies are held together either by
incomplete cytokinesis at the posterior ends of the
cells (Figs 7–9) or, more frequently, by a mucilage-
like extracellular matrix (Fig. 5). Individual cells of
colonies trapped under a coverslip commonly
rotate continually in one direction, yet still main-
tain their connection with the colony. Continual
illumination with bright light during observation
leads to the eventual dissociation of the cells.

Colonies in actively growing cultures are well
defined, but the cells of older colonies tend to
dissociate.
Each cell possesses two types of organic scales

(Figs 10–13). The smaller variety is typical for
prymnesiophytes, with a small inflexed rim on the
distal surface (Fig. 13). The proximal face is
marked by radiating fibrils (Figs 11, 12) while the
distal face has concentric fibrils (Fig. 13). The
larger scale type is very distinctive for this species,
having a base plate with the same patterning as the
smaller scales but with an exaggerated, outwardly
flexed rim, giving the overall morphology of the
scale the semblance of a flowerpot (Figs 10, 11
and Sv in Figs 16, 19). No distal spines are sub-
tended by the base plate.

General cell ultrastructure

The plasmalemma of the cell is typical of the
Prymnesiophyceae, being underlain by peripheral
endoplasmic reticulum (PER; e.g. Figs 14–17)
that is continuous up the haptonema (Figs 25, 26,
28, 31). The PER is often randomly distended by
the presence of internal vesicles, some of which
contain material consistent with the ultrastructure
of mucilage (Figs 20, 21).
The two peripheral chloroplasts (Fig. 15), found

directly under the PER on the sides of the cell, are
displaced from one another at the flagellar pole by
the flagellar apparatus and at the posterior of the
cell, where a large vacuole is often encountered
(Fig. 15). The previously mentioned lobing of the
chloroplasts to the anterior or posterior of the cell
results in four profiles in cross sections of the cell
(Figs 16, 17). Up to four pyrenoids (Fig. 17) are
immersed with single traversing tubules and are
delimited by a thin electron-opaque boundary
which is not membranous (Fig. 22). The interphase
nucleus is central and posterior (Figs 14, 15, 17),
anterior to the vacuole and is connected to the
chloroplasts on both sides by the chloroplast endo-
plasmic reticulum (CER; Figs 14, 17). It is often
noted to have a tapering, anterior protuberance
that extends to the base of the flagellar apparatus
(Figs 14, 16, 50–53), along the left side (i.e. the side
closest to basal body 1 sensu Moestrup, 2000) of
the Golgi body (Fig. 16), but this extension is
amplified by the presence of amorphous, darkly
staining material that connects it and the Golgi
body to the base of R1 and the basal body 1
(aspects seen in Figs 51, 52). The CER compart-
ment may be distended somewhat on the inner
faces of the chloroplast where tubular membra-
nous endoplasmic reticulum-like structures are
found (Fig. 22).
Anterior to the nucleus is a single large Golgi

body (Figs 14, 15), which is polarized towards
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the basal bodies (Fig. 18). Cisternae on the forming
face are tightly packed but distend towards the
centre and mature face (Figs 15, 16, 18, 19).
Distended cisternae are commonly found to con-
tain a tubular network of membranes (Fig. 20), but
have no peculiar dilations with dark borders as is
common for the prymnesiophytes. Similar material
to the tubular network is found within the confines
of the PER (Fig. 21). Scales tend to coalesce on the
nuclear side of the cisternae in vesicles that were
contiguous with a cisterna of the Golgi body
(Figs 16, 19) and the position of vesicles containing

mature scales indicates that they work their way
around the mature face of the Golgi body to
reach the plasmalemma at the flagellar pole.
Some evidence of the mucilage-like material used
to form colonies is found in the vesicles that
accumulate external to the PER (Fig. 21) and
more condensed versions are found originating
from the Golgi body (Fig. 20). The mitochondrion
has tubular cristae and is suspected to be a singular
reticulate system (Fig. 22) as all profiles in serial
sections were found to be contiguous (not shown).
Mitochondrial profiles are common between

Figs 1–13. Prymnesium radiatum sp. nov. Light microscopy (DIC optics) and scale micromorphology (shadowed whole
mounts). 1–4. Through focus of a single cell showing splayed flagella, chloroplast lobing and muciferous vesicles.

5. Disposition of cells in a large colony. Note splayed flagella. 6. Single cell squashed under the coverslip to show two
chloroplasts, each with four lobes. 7–9. Through focus of a small colony of four cells. Note that the cells are discrete
but still held together by an indistinct mucilaginous matrix and that the flagella are recurved. 10. Larger, flowerpot-
shaped body scale. 11. Larger scale with commonly encountered electron-opaque substructure in fibrils of the walls.

Note the smaller body scale seen in proximal view. 12. Proximal view of smaller body scale. 13. Distal view of smaller
body scale.
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and on the interior faces of the chloroplasts
(Figs 14–17) and one lobe extends anteriorly
towards the left basal body (basal body 1, Fig.
14), where it is enveloped (and its profile angular-
ized) by the junction of CR1 with R1 (Figs 28, 29,
30; see below). In one cell, a mitochondrial branch
was found to have an intimate association with
the peripheral membranes of the Golgi body (not
shown).

The flagellar apparatus

Interphase cell. The flagellar apparatus of
Prymnesium radiatum is typical of non-pavlovalean
prymnesiophytes (Figs 23–39). There are two
microtubular roots associated with each basal
body [traditionally referred to as Left and Right
(e.g. Moestrup & Hori, 1989), but now referred
to as 1 and 2 respectively (Moestrup, 2000)]. The
basal bodies (BB1 and BB2) are about 1 mm long,
measured up to the proximal transverse septum
(see below), and have a complex transition region
that is marked by two transverse septa (Figs 25,

27). The proximal septum occurs just after the
emergence of the flagellum and is overlain by the
typical hat-like structure of prymnesiophytes
(Fig. 27). The distal septum is more obviously
osmiophilic (Fig. 25) and autotomy of flagella
obviously occurs just proximal to it (Fig. 27).
The triplet microtubules of the basal body give
way to doublets as the flagellum emerges from
the cell (Figs 38, 39) and these doublets are
linked by fibrillar material at the level of the two
septa (Fig. 39). The central pair of microtubules
of the free axoneme only starts some distance
distal to the distal septum (Figs 25, 27). Tubular
rings are present between the microtubules and the
membrane of the proximal region of the flagellar
axoneme (Figs 25, 26, 28).
The two basal bodies are joined to each other by

a proximal set of fibres, the accessory bands (AB1,
AB2; Fig. 34), and by a prominent distal fibre
(Figs 28, 36–38). Additional connectives link BB2
with the haptonema (Fig. 36) and BB1 with the R1
root (R1F, Figs 36, 37; see below). The haptone-
mal axoneme has 8 microtubules arranged as a

Figs 14–17. Prymnesium radiatum sp. nov. General cell structure. 14, 15. Longitudinal sections (LS) in a left–right and

dorsi-ventral plane respectively. 16, 17. Transverse sections (XSs) at the level of the anterior protuberance of the nucleus
and at the posterior end of the cell.
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double arc at the point of emergence from the cell
(Fig. 24), but this number increases proximally by
at least 1 microtubule (not shown).
Two roots are nucleated at the base of BB1 at a

near-common origin, but diverge from one another
(Fig. 35). The left root (R2) comprises 4 microtu-
bules in a 3/1 (or 2/2) alignment (Fig. 28). It arises
close to the base of the haptonema (Fig. 35) and
runs anteriorly to a point just under the distal
fibre, where it curves to run between the two BBs
in a ventral direction. The right root (R1) runs
around the other side of BB1 (Fig. 35). It

comprises at least 7 microtubules that splay apart
as they run anteriorly to the left shoulder of the cell
(Fig. 29). This root characteristically runs around
the anterior edge of a mitochondrial profile, flat-
tening the latter’s peripheral surface (Figs 28, 30)
and, soon after clearing it, nucleates a further set of
microtubules at right angles to itself (Figs 29, 30).
This is the typical crystalline root (CR1) of many
prymnesiophytes and it runs deep into the cell
again, between the mitochondrial profile and the
inner face of the left chloroplast of the cell (Figs 16,
29, 34, 52) to reach the level of the anterior

Figs 18–22. Prymnesium radiatum sp. nov. Detail of cell organelles. 18–20. Golgi body. 18. Typical fan-shaped Golgi body in
LS. Note the presence of dilated cisternae that lack the electron opaque borders typical of prymnesiophytes. 19. Note the

profiles of both scale types. 20. Note the presence of many tubular membranous inclusions in the cisternae and the profile of a
mucilaginous vesicle. 21. Mature sub-plasmalemmal vesicles and tubular membranous inclusions in the peripheral endoplas-
mic reticulum. 22. Chloroplast and mitochondrion. Note the chloroplast endoplasmic reticulum and the immersed pyrenoid

invaded by single tubular thylakoids and with an obvious, non-membranous delimitation. The mitochondrion with tubular
cristae forms an extensive reticulated system.
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protuberance of the nucleus at least (Figs 16, 51–
53). The left (R4 comprising only 1 microtubule,
Fig. 31) and right (R3 with 2 microtubules, Fig. 31)
roots arise on opposite sides of BB2 (Fig. 35) and
approach each other distally to finally run in a
common path (Figs 36–39).

Modifications during prophase. The first sign of
impending division of the cell is an increased
lobing of the chloroplast and the production of
nascent basal bodies (31 and 32) on opposite
sides of the parental (1 and 2) basal bodies. All
four bases lie almost in a single, left–right hori-
zontal plane (Figs 43–46), at right angles to the

incipient furrow, which begins as two flagellar
grooves that deepen, one between basal bodies
1 and 32 (Figs 47, 52, 53) and the other between
basal bodies 2 and 31 (Figs 42, 48). The nascent
basal bodies rapidly develop flagellar axonemes
(Figs 43–46, 52), but by this stage, while the
parental haptonema is retained (Figs 47, 49,
50), the new haptonema has not yet formed
and the distal and proximal connectives between
basal bodies 1 and 2 remain intact (Figs 41, 42,
50–52).
The R1 root and its associated CR1 are not dis-

assembled (Figs 40–46, 51–53) and the R2 root
similarly does not appear to undergo any changes

Figs 23–31. Prymnesium radiatum sp. nov. Flagellar apparatus. 23. XS of the flagellar and haptonematal axonemes. 24. XS
of the haptonematal base. 25, 26. Serial LSs through a flagellum and the haptonema. Note the tubular rings between the
microtubules and the flagellar membrane (arrows) and the continuation of the PER up the haptonema. 27, 28. Serial LSs of a

flagellum. Note the two transverse septa, the proximal one of which has a hat-like structure, the presence of a transverse line of
amorphous material in the basal body lumen (27) and the tubular rings between the microtubules and the flagellar membrane
distal to the distal transverse septum (28). Severing of microtubules occurs proximal to the distal transverse septum (27). Note

the XS of the R2 root (circled, 28). 29, 30. XS and TS respectively of the R1 root (individual elements indicated by arrows) and
LS of its nucleated compound root (CR1). Note the angular appearance of the associated mitochondrial profile and the
nucleation of the R1 root near the base of the haptonema. 31. XS of the R3 and R4 roots on either side of basal body 2.
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Figs 32–39. Prymnesium radiatum sp. nov. Flagellar apparatus. Serial, non-consecutive, near-XSs (1, 2, 3, 5, 6, 7, 9, 12) through
the flagellar apparatus of an interphase cell, from proximal to distal levels.
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Figs 40–47. Prymnesium radiatum sp. nov. Flagellar replication. Serial, non-consecutive, near-XSs (3, 5, 6, 8, 9, 10, 11, 14) of the
flagellar apparatus in a preprophase cell. Note the presence of two compound roots, one on R1 (CR1, black circle) and the
new one (CR3, white circle) nucleating on R3, and the single haptonema.
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Figs 48–53. Prymnesium radiatum sp. nov.Flagellar replication. Serial, non-consecutive LSs (1, 4, 5, 6, 8, 11) through the flagellar

apparatus in a preprophase cell. Note the presence of the two incipient furrows (48, 53), two compound roots, one on R1 (51–53)
and the new one nucleating on R3 (48–50), the single haptonema (49–51) and the anterior protuberance of the nucleus (50–53).
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(Figs 47, 52). Both the R3 and R4 roots gain
microtubules, the R3 initially increasing to three
microtubules (Figs 49, 50) and by this stage a
new CR, the CR3, nucleated on the R3 root
(Figs 45, 48–51), develops down into the cell on
the opposite (right) side of the nucleus relative to
the CR1 (cf. Figs 51–53). The R4 root at this
stage has at least two, possibly three, microtubules
(Figs 49, 50). It is clear, therefore, that the pattern
of microtubular root formation found in this
organism is one of elaboration of existing roots:
The oldest roots (R1 and R2) remain unchanged,
while those attached to basal body 2 undergo sub-
stantial change to reconfigure and mirror the R1
and R2 roots. This would then be followed by the
development of new roots (R3 and R4) on each of
the nascent basal bodies (evidence of one develop-
ing this early circled in Fig. 53). In all of the
numerous stages observed, connectives were
found to be limited to the original ones between
basal bodies 1 and 2, with none yet developing
between basal bodies 1 and 31 and 2 and 32. It is
clear, however, that, as the cell divides, the con-
necting fibres holding basal bodies 1 and 2 would
need to be at least partially disassembled and then
reassembled to set up the new links required for the
daughter cells. In addition, for the haptonema to
take up its correct alignment relative to its new set
of basal bodies (1 and 31), there would need to be
some clockwise rotation of basal body 1 relative to
basal body 31 and of basal body 2 relative to basal

body 32 (Fig. 54). The exact timing of the develop-
ment of the new haptonema in the cell, in associa-
tion with the second oldest basal body 1 (former
basal body 2), was not elucidated by any of the
current observations, but it appears to follow
that of the new roots (R3 and R4) in each of the
daughter cells (see above).
At this stage, the anterior protuberance of the

interphase nucleus, with the associated amorphous,
darkly staining material connecting it, the Golgi
body, the base of R1 and basal body 1 (aspects
seen in Figs 50–52) is maintained.

Cytokinesis

Cross sections through dividing cells show that
the chloroplast lobes are drawn in with the incip-
ient furrow (Figs 55, 57, 58) which seems to be
directed by obvious actin-like fibrils on either
side of the chloroplast profile in the plane of
cytokinesis (Fig. 56). As the furrow deepens,
the chloroplast divides, but it is probably the
last system to completely divide, with the result
that numerous cells are encountered still attached
to each other by a narrow isthmus of chloroplast
and CER/PER (Figs 59, 60). This connection,
together with the accumulation of mucilage
external to the cell membrane, undoubtedly is
the mechanism allowing for the development of
colonies.

Fig. 54. Diagram of anticipated progressive stages in cytoskeletal reorganization during cell division in Prymnesium radiatum
based on observations during prophase. The parental and resultant daughter cells are depicted in anterior view. A. Interphase

cell; B. Prophase cell; C. Dividing cell; D. Resultant daughter cells. R1–R4 microtubular roots, CR1 and CR3 – crystalline
roots associated with R1 and R3 respectively; H – haptonema; 1, 2 – basal bodies. 31, 32 – nascent basal bodies. Dotted lines
indicate the development or dissolution of microtubular roots or the distal fibre, depending on their state in the previous

diagram.
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Phylogeny

Full length SSU (1802 bp) and partial LSU nuclear
ribosomal encoding sequences, including about
750 bp of the D1 and D2 loop, were determined
for the BO18 isolate of P. radiatum (the nuclear
SSU sequence was also determined for isolate
BO9) and aligned with the sequences of an addi-
tional 32 (for SSU rDNA) or 24 (for LSU rDNA)
haptophytes (Table 1). Single-gene maximum like-
lihood (ML), neighbour-joining (NJ) and maxi-
mum parsimony (MP) trees were constructed to
infer the phylogeny and determine the systematic
position of P. radiatum. In all phylogenetic analy-
ses inferred from SSU rDNA (Fig. 61 shows the
ML tree), the major divergence within the order
Prymnesiales was between Clade B1 and B2 as
described previously (e.g. Edvardsen et al., 2000,
Edvardsen & Medlin, 2007). Clade B1-5 delimits
the genus Prymnesium Massart ex Conrad
(Edvardsen et al., 2011) and includes all previ-
ously recognized members of Prymnesium, the

former genera Plathychrysis and Hyalolithus,
and some of the non-saddle-shaped former

Chrysochromulina species (P. polylepis, P. palpeb-
rale, P. kappa, P. chiton and P. minus) as well as

P. radiatum. Clade B1-4 embraces former
Chrysochromulina species that have been trans-
ferred to the new genus Haptolina (Edvardsen

et al., 2011) and Clade B2 contains the saddle-
shaped Chrysochromulina species (Fig. 61). The
ML SSU rDNA phylogeny (Fig. 61), similar in

topology to both the NJ and MP trees (not
shown), indicated that Prymnesium neolepis

(Yoshida, Noël, Nakayama, Naganuma &
Inouye) Edvardsen, Eikrem & Probert (formerly
Hyalolithus neolepis; Edvardsen et al., 2011) is the

closest relative to P. radiatum, in the Prymnesium
(B1-5) clade, with Prymnesium polylepis (formerly
Chrysochromulina polylepis) and P. aff. polylepis

(probably a new species) as next nearest neigh-
bours. In the LSU rDNA ML tree (Fig. 62),

P. radiatum similarly falls in the Prymnesium

Figs 55–60. Prymnesium radiatum sp. nov. Cell division. 55, 57, 58. XSs of progressive stages of cytokinesis. 56. Detail of area

circled in 55. Note the presence of actin-like, bundled filaments at the site of cellular constriction (arrows). 59. Daughter cells
with incomplete cytokinesis, bridged by a narrow isthmus of chloroplast and PER (circled). 60. Detail of the isthmus in 59.
Note absence of any obvious actin-like filaments.
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Clade B1-5 with high support values. The LSU
rDNA sequence of P. neolepis was not available
and the closest relative within the Prymnesium
Clade B1-5 was not resolved. This topology is con-
gruent with the NJ and MP LSU rDNA trees (not
shown).

Discussion

The affiliation of Prymnesium radiatum

This organism has no previous description in the
literature and its colonial habit links it with either
the Phaeocystales or the genus Corymbellus

Fig. 61. Phylogenetic tree based on SSU (18S) nuclear ribosomal encoding sequences of members of Prymnesiales (Table 1)
using maximum likelihood (PhyML). Bootstrap or support values (>50) marked at the basal nodes are (from left to right):

SH-like, NJ, MP. Pleurochrysis carterae and Isochrysis galbana were used as outgroups.
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(Prymnesiales, Prymnesiaceae, Edvardsen et al.,
2011). However, the current molecular findings
clearly place this species in the Prymnesiaceae
sensu Edvardsen et al. (2011), a monophyletic ter-
minal clade, clearly segregated from the
Phaeocystales, members of which are more basal
in their rooting within the prymnesiophytes
(Edvardsen et al., 2000, 2011). In support of this,
cells in colonies of Prymnesium radiatum are motile
and only attached at their posterior extremities
whereas those in colonies of the Phaeocystales
are characteristically non-motile and embedded
in a clearly defined, spherical mucilaginous
matrix (e.g. Pienaar, 1996). Although the muci-
lage-bearing vesicles of C. radiatus strongly resem-
ble the early stages of thread-bearing vesicles of the
disc-bearing motiles of an undescribed unicellular
species of Phaeocystis Lagerheim (Pienaar, 1996),
this is not an exclusive character of the
Phaeocystales, as similar mucilaginous vesicles
are also produced by Prymnesium palpebrale
(Seoane, Eikrem, Edvardsen & Pienaar)
Edvardsen & Eikrem (as Chrysochromulina sp.,
Birkhead & Pienaar, 1995) and by Prymnesium
nemamethecum (Pienaar & Birkhead, 1994).

The current molecular phylogenetic analysis fur-
ther demonstrates that this species is a new
member of the broader concept of the genus
Prymnesium (Edvardsen et al., 2011). While its
position in the LSU tree is not clearly resolved rel-
ative to the clades of traditional Prymnesium spe-
cies and erstwhile Chrysochromulina species, it is
still clearly embedded in this Prymnesium (B1-5)
clade rather than in the Haptolina (B1-4) or
Imantonia (B1-2) clades (Edvardsen et al., 2000,
2011). The SSU data, however, is more robust as
it has better bootstrap values and far greater taxon
sampling and shows P. radiatum well embedded
within the Prymnesium clade with Prymnesium neo-
lepis and Prymnesium polylepis as successive sister
groups rather than the traditional Prymnesium
species.
This inference is supported by the presence of a

suite of morphological characters in keeping with
those delimited in the emended genus circumscrip-
tion by Edvardsen et al. (2011). These include the
presence of subequal, apically inserted flagella, a
non-coiling haptonema which is shorter than the
flagella, an irregular, elongated cell form, a com-
pound flagellar root CR1 and simple or elaborated

0.05

B1-5

B1-4

B2

Fig. 62. Phylogenetic tree based on LSU (28S) nuclear ribosomal encoding sequences of members of Prymnesiales (Table 1)
using maximum likelihood (PhyML). Bootstrap or support values (>50) marked at the basal nodes are (from left to right):
SH-like, NJ, MP. Phaeocystis antarctica was used as outgroup.
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plate scales. Other isolated links exist between this
species and the genus Prymnesium, cementing
this affiliation. Prymnesium nemamethecum
Pienaar & Birkhead has a similar flagellar structure
with a weakly staining transverse line of amor-
phous material in the upper reaches of the lumen
of the basal body and tubular rings between the
microtubules and the flagellar membrane in the
lower reaches of the flagellar axoneme (Birkhead
& Pienaar, 1994). Prymnesium neolepis (as
Hyalolithus neolepis; Yoshida et al., 2006) exhibits
the same amorphous material (the ‘unspecified
fibrous structure’) between the nucleus, the Golgi
body and the basal bodies, with a branch that
reaches a similar, anterior, conical protuberance
of the nucleus (Yoshida et al., 2006, fig 11A–C).
As already pointed out by Yoshida et al. (2006), a
similar structure has been found in
Chrysochromulina ahrengotii Jensen & Moestrup
(Jensen & Moestrup, 1999). Unfortunately, this
species was not included in the nuclear-encoded
ribosomal trees of Edvardsen et al. (2011)
but, because it is saddle-shaped (and has a very
long coiling haptonema), it was predicted to
be a true Chrysochromulina species of Clade
B2 (Edvardsen et al., 2011). This conflict
(shape for Chrysochromulina versus fibrous struc-
ture for Prymnesium) is an interesting point
for future investigation by molecular means.
From a facilitative point of view, shape would be
the preferred diagnostic feature for generic
identification.
The presence of a compound crystalline root on

the R1 root is common in the genus Prymnesium,
but it is also found in Chrysochromulina parkeae
(to be reassigned elsewhere; Edvardsen et al.,
2011) and Chrysocampanula (Table 2; Edvardsen
et al., 1996; Yoshida et al., 2006; Seoane et al.,
2009). This condition is also found in the
Isochrysidales (Hori & Green, 1991) and is
common in the Coccolithales, but in the latter
frequently involves both the R1 and the R2

roots or only the R2 root (see table 1 of Sym &
Kawachi, 2000).
The only other non-benthic, flagellated

prymnesialean (family Prymnesiaceae) known to
be colonial is the monospecific Corymbellus
(Green, 1976; Edvardsen et al., 2011). Although
there are marked similarities between Prymnesium
radiatum and Corymbellus aureus Green, signifi-
cant differences are also to be found, particularly
with respect to scale size and morphology, cell
shape and colony development (Table 3).
Unfortunately, nothing is known of the details
of the flagellar apparatus or microtubular root
complement of Corymbellus which precludes com-
parison at this level and, because a living culture of
C. aureus is no longer available, it is impossible at
this time to provide molecular evidence for the
affiliation of the current material with C. aureus.
Edvardsen et al. (2011) have indicated that
Corymbellus is most probably a member of the
clade (B1) including Prymnesium, Haptolina
Edvardsen & Eikrem and Pseudohaptolina Eikrem
& Edvardsen, but we have to await the re-isolation
of this genus to determine its exact affiliations.
However, based on the known features of this
organism, we suspect that Corymbellus will prove
to be another species of Prymnesium. Both species
have only been encountered offshore, C. aureus
being reported as a bloom former in the waters
of the North Sea (Gieskes & Kraay, 1986), while
P. radiatum has only been encountered twice
between late February and March (i.e. toward
the end of summer) and in relatively small
numbers.

Cell division in haptophytes

The early stages of flagellar replication of
Prymnesium radiatum is as expected for the
Prymnesiophyceae. As in Holococcolithophora
radiata (Sym & Kawachi) Jordan, Cros & Young
(Sym & Kawachi, 2000), the development of the

Table 2. Prymnesialeans possessing a compound (crystalline) root associated with R1.

Species Reference

Isochrysis galbana Hori & Green, 1991

Prymnesium palpebrale (as Chrysochromulina sp.) Birkhead & Pienaar, 1995

Prymnesium pienaarii (as Platychrysis pienaarii) Gayral & Fresnel, 1983

Prymnesium polylepis (as C. polylepis) Edvardsen et al., 1996

Prymnesium simplex (Gayral & Fresnel) Edvardsen, Eikrem & Probert Gayral & Fresnel, 1983

Prymnesium nemamethecum Birkhead & Pienaar, 1994

Prymnesium neolepis (as Hyalolithus neolepis) Yoshida et al., 2006

Chrysochromulina parkeae Green & Leadbeater (to be reassigned

elsewhere, Edvardsen et al., 2011)

Kawachi in Birkhead & Pienaar (1995)

Chrysocampanula spinifera Founier (as Chrysochromulina spinifera) Kawachi in Birkhead & Pienaar (1995)

Note: A crystalline body is found in Prymnesium pigrum (Geitler) Edvardsen & Eikrem (as Platychrysis pigraGeitler, Chretiennot, 1973), but a

relationship with the flagellar roots has not been demonstrated.
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new haptonema is delayed and there is no sign of it
even by the time the new flagella are well devel-
oped. The roots, by this stage of development of
division, have not substantially changed. However,
a unique feature for the group as a whole is that a
new compound root is nucleated on the R3 root.
Beech et al. (1988) demonstrated that the two CRs
of Pleurochrysis carterae (Braarud & Fagerland)
Christensen formed the precursors of the mitotic
spindle, a system also speculated to occur in
Cruciplacolithus neohelis (McIntyre & Bé)
Reinhardt (Kawachi & Inouye, 1994) and H. radi-
ata (Sym & Kawachi, 2000). Intuitively, the system
displayed by P. radiatum is much more capable of
achieving a functional spindle because it does not
require any reorganization of the roots relative to
the basal bodies. In all coccolithophorids studied
to date, the compound roots are both ultimately
attached to, or associated more with, basal body 1,
which would absolutely require a renucleation of
the compound root CR2 on basal body 2 rather
than basal body 1 for the spindle to form effec-
tively between the two separating poles.
Holococcolithophora radiata is similar to this

species in that it also only has a CR1, but the
new CR forms, as usual for interphase, presum-
ably-diploid coccolithophores, on the R2 root
(e.g. Inouye & Pienaar, 1984) rather than on the
R3 root. Further detailed studies will be required
to determine whether a new crystalline root nucle-
ating on the R3 root to the exclusion of the R2 root
in the early stages of division is a prymnesialean
character.
The amorphous material found between the

nucleus, the Golgi body and the basal bodies,
as mentioned above, is also found in the interphase
cell of Prymnesium neolepis (formerly
Hyalolithus neolepis, Yoshida et al., 2006) and
Chrysochromulina ahrengotii Jensen & Moestrup
(Jensen & Moestrup, 1999). It is tempting to infer
a contractile role for this structure, much as is
found in the centrin-rich nucleus-basal body con-
nector of green algae, to facilitate the proximity of
the nucleus with the future poles of the spindle, but
this requires rigorous testing.
Bundled, actin-like filaments are clearly involved

in the formation of the cleavage furrow of the cell
of Prymnesium radiatum during division and the

Table 3. A comparison of the morphological features between Corymbellus aureus (Green, 1976) and Prymnesium radiatum

sp. nov.

Character Corymbellus aureus Prymnesium radiatum sp. nov.

Colony Spherical, hollow or annulate, diameter up to 200mm Spherical, but never hollow or annulate, diameter at

most 2.5 times cell length (i.e. c. 50 mm)

Motile Motile

Cells attached by mucilage Cells attached by mucilage or by incomplete cytoki-

nesis at the posterior ends of the cells

Readily break up with physical disturbance or when

large

Readily break up, even if small

Ability to form colonies lost after some time in

culture

Colonies persist in fresh subcultures

Cell shape Irregularly rectangular or cordate, flagellar pit

defined

Irregular but tapering posteriorly, flagellar pit

shallow

Flagella Subequal (15 or 11 mm) Subequal (average 13.5mm)

Haptonema 3 mm long, non-coiling, 6 microtubules in an arc 6.4 mm long, non-coiling, 8–9 microtubules in a

double arc in the base and 6 in an arc in the free

axoneme

Size 8–11 mm� 7.5–10 mm 7.4–19.3 mm� 4.1–7.9 mm
Organic scales 2 types:

(a) Small and oval (0.2–0.24 mm� 0.1–0.2 mm) –

restricted to flagellar pit

(b) Large and oval (0.3–0.35 mm� 0.21–0.25mm)

with a raised rim and a short, four-strutted, distal

spine bridging a central pore. In a single layer all

around the cell

2 types:

(a) Smaller type oval (1.0–1.1 mm� 0.6–1.1 mm; aver-

age 1.1� 1.0 mm), not restricted in distribution.

Proximal face with radiating fibrils, distal with con-

centric fibrils.

(b) Larger type with a base plate identical to small

scale type (diameter 0.5–1.0 mm; average 0.8 mm), but

with very high (0.6 to 1.9 mm) and flared rims 2.3–

3.3 mm� 1.7–2.8 mm (average 2.9� 2.4 mm); lacks

distal spine and central pore

Chloroplasts Two, parietal, lobed, yellow-green, with immersed

fusiform pyrenoids penetrated by one or two

thylakoids

Two, parietal, lobed, yellow-green/golden, with

immersed fusiform pyrenoids penetrated by one

or two thylakoids

Nucleus Posterior Posterior and central

Golgi body Parabasal with peculiar dilations of prymnesio-

phytes; scale vesicles coalesce into a larger reser-

voir vesicle prior to release

Parabasal, lacking peculiar dilations of prymnesio-

phytes; scales apparently released individually to

the cell surface
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presence of similar material on either side of
chloroplast profiles which have been distorted by
this furrow suggests that they form part of a plas-
tid-dividing ring. Whether the latter are composed
of actin or the PD ring protein, dynamin or its
homologues (Miyagishima, 2005), remains to be
investigated. The idea of such structures normally
being responsible for plastid division is supported
by the lack of any such identifiable structures
where chloroplast bridges between daughter cells
persist.

Flagellar severance

Sym & Kawachi (2000) speculated that the hat-like
structure in the transition region of the flagella of
prymnesiophytes is centrin-rich as the flagellar
membrane was constricted at this level. Certainly
the structure may form the physical boundary
between the cell and the flagellar compartments
of the cell and could thus mark the point at
which the flagellar membrane becomes distinct
from that of the plasmalemma. However, the cur-
rent observations showed that it is at the level of
the distal transverse septum that the microtubules
typically sever, making this the more obvious site
for the location of centrin.

Ecological considerations

The distribution of this species seems very isolated
both in terms of season (late summer) and location
(southern Cape Coast). This area is typified by the
mixing of the cold, nutrient-rich Benguela and
warm but cooling, relatively nutrient-poor
Agulhas Currents and eddies here can cause fre-
quent temperature and nutrient fluctuations parti-
cularly during a change in season. Judging from
these preliminary observations on its profile in
the phytoplankton, P. radiatum has a requirement
for warmer waters, but also for the elevated nutri-
ents associated with the upwelling further west-
wards. The lack of bloom formation under these
conditions, however, indicates that it is unlikely to
have a significant impact on the ecology of the
inshore system. On the other hand, its discovery
in waters which have been the subject of previ-
ous surveys shows that many more plankters
(including prymnesiophytes) exist than we cur-
rently have in culture. Future environmental
sequencing in this region could determine the
extent to which we under-represent the diversity
of these waters.

Acknowledgements

We thank the University of the Witwatersrand, the
National Research Foundation and the Department

of Environment and Tourism for financial assistance.
RNP worked in collaboration with Dr G. C. Pitcher
of Marine and Coastal Management when this organ-
ism was first encountered. The Norwegian Research
Council Financial provided financial support to BE
and EE (Haptodiv, 190307/S40). Dr B. Marin and
Ms N. Sausen (Universität zu Köln) are thanked
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