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Ultrastructure of Calyptrosphaera radiata, sp. nov.
(Prymnesiophyceae, Haptophyta)
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A novel member of the Calyptrosphaeraceae surrounded by a hyaline sheath, with only one chloroplast and without an emergent

haptonema, is tentatively described as a species of Calyptrosphaera Lohmann. It has an interrupted body to its single pyrenoid and a

unique microtubular root complement with only one crystalline root (CR) nucleating on root 2 (R2). At preprophase it produces a CR1,

lending support to the idea that these crystalline roots contribute to the mitotic spindle. It shares numerous ultrastructural traits with the

heterococcolithophorid Cruciplacolithus neohelis but, although it is tempting to consider it a haploid phase of this organism, is distinct

from it.
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Introduction

The classification of coccolithophorids significantly
predates that of their parent division, the Haptophyta
(Green & Jordan, 1994 ; Jordan & Kleinje, 1994 ; Siesser,
1994), starting with studies involving only their cocco-
liths, passing through a transition period when they were
considered to be members of the Chrysophyta, and
resulting ultimately in a rather awkward system within the
Haptophyta that has no sound phylogenetic basis. The
most serious of the resultant problems is that the
coccolithophorids have been divided by some into two
orders : the Isochrysidales (those with subequal flagella
and no obvious haptonema) and the Coccosphaerales or
Coccolithophorales (those with coccoliths and with or
without an obvious haptonema) (Parke & Dixon, 1976 ;
Tappan, 1980). A further division within the group, based
principally on the calcite make-up of the coccoliths, into
the heterococcolithophorids (those with coccoliths made
intracellularly and comprising di�erently shaped and sized
crystal elements) and the holococcolithophorids (with
coccoliths made extracellularly and comprising only one
type of crystal element) (Siesser & Winter, 1994), has also
proved to be of little real systematic value : the life
cycles of haptophytes may be complex, and both forms
may be found at di�erent stages of the same organism,
with holococcolithophorids generally believed to rep-
resent the haploid phase (for a review, see Billard, 1994).
Current trends now are to place all coccolithophorids in
one order (for a review see Green & Jordan, 1994), but
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this is also fraught with problems as some have a stage
that involves non-mineralized scales (Billard, 1994). An
analysis of the rbcL gene sequences of haptophytes has
highlighted this problem, as Chrysochromulina Lackey, a
form with non-mineralized scales placed in the order
Prymnesiales, was found to clade within the cocco-
lithophorid group (Fujiwara et al., 1994).

Thus scales (including coccoliths) alone have little
significance for classification even at the species level
(Larsen & Edvardsen, 1998). Ultrastructural investigations
of the cell itself, particularly those involving the flagellar
apparatus, have played a significant part in clarifying
phylogenetic trends within algal groups. The basal
apparatus of all haptophytes is relatively constant with
two variably divergent basal bodies (left and right) and a
haptonema more closely associated at its base with the left
basal body (for a review see Green & Hori, 1994).
However, the microtubular root complement shows more
promise as a phylogenetic guide. Most haptophytes have
four roots, root 1 proximally associated with the left (L)
basal body, root 2 arising from the distal fibre between the
L and right (R) basal body, and roots 3 and 4 proximally
associated with either side of R and converging on one
another distally. It is also possible for the R4 to be missing
(Inouye & Chihara, 1983 ; Roberts & Mills, 1992). Most of
the coccolithophorids investigated have one or two
crystalline root(s) (CRs), a band of microtubules, often
with many individual members (e.g. Inouye & Pienaar,
1985), but sometimes inconspicuous (Kawachi & Inouye,
1994), that nucleates on, and at right angles to, either or
both of R1 and}or R2 (termed CR1 and CR2 respectively).
Syracosphaera pulchra is exceptional in that it lacks both
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Figs 1–17. Light microscopy and scales of Calyptrosphaera radiata sp. nov. Fig. 1. Naked coccoid cells, one undergoing division (DIC
optics). Figs 2, 3. Flagellate cells respectively without and with coccoliths (DIC optics). Fig. 4. Coccoid cell with coccoliths. Elongated
coccoliths often are bent (DIC optics). Fig. 5. Fixed flagellate preprophase cell. The chloroplast has already divided. Figs 6, 7. Coccoid cells
escaping from a distinct hyaline sheath (DIC and phase optics respectively). Figs 8, 9. Coccoid cells released from their coccospheres (DIC
and phase optics respectively). Fig 10. Sectioned scale casings of cells. There is some evidence of interstitial material but an absence of any
distinct membranous boundary. Fig. 11. Whole mount of a scale case. The scales adhere as a sheet capable of folding. Figs 12, 13. Median
and peripheral focal planes of two coccospheres (DIC optics). Fig. 14. Shadowed whole mount of a single coccolith and two organic
scales. Fig. 15. Medial vertical section through coccolith. Note the base plate scale. Figs 16, 17. Shadowed whole mounts of organic scales
showing the distal and proximal ornamentation respectively. Abbreviations : C, chloroplast, P, pyrenoid.
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Figs 18–23. Sectioned cells of Calyptrosphaera radiata sp. nov. Figs 18, 20. Longitudinal sections in planes at right angles to the R2 root.
Fig. 19. Longitudinal section in the plane of the R2 root. Figs 21–23. Serial basipetal non-consecutive cross-sections. The two chloroplast
profiles seen in Figs 21 and 22 are shown to represent the lobes of a single organelle (Fig. 23). Abbreviations : bb, basal body ; C,
chloroplast ; cc, calcite crystals ; e, pyrenod envelope ; F, flagellum; G, dictyosome ; H, haptonema ; M, mitochondrion ; N, nucleus ; per,
peripheral endoplasmic reticulum; R1 and R2, microtubular roots ; V, vacuole. Scale in Fig. 18 applies to all figures.

(Inouye & Pienaar, 1988). The common pattern in
crystalline-rooted coccolithophorids during interphase is
to have both a CR1 and a CR2 (Green & Hori, 1994), but
Cruciplacolithus neohelis has only the CR1 (Kawachi &

Inouye, 1994) and Hymenomonas coronata has only the
CR2 (Roberts & Mills, 1992). Furthermore, Kawachi &
Inouye (1994) have shown that cells of C. neohelis may
produce a CR2 at preprophase and speculate that this new
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Figs 24–36. For legend see facing page.

CR and the CR1 form the precursors of the mitotic spindle,
much as was demonstrated for the two CRs of Pleurochrysis
carterae (Beech et al., 1988).

It is clear that current ideas in the classification of this
group are in dire need of review and that as much
information as possible, both ultrastructural and of a
molecular nature, should be collected to provide a more
robust systematics for the group. A holococcolithophorid
isolated from tropical north Pacific waters was found to

have novel coccolith morphology and its ultrastructure
was investigated, with particular reference to the flagellar
apparatus.

Materials and methods

A clonal culture of Calyptrosphaera radiata sp. nov. (P80-5,
NIES collection) was established from an enriched surface
sample collected from the coast of Palau Islands (7∞ 50’ N,
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Figs 24–46. The flagellar apparatus of the interphase cell of Calyptrosphaera radiata sp. nov. Figs 24–26. Longitudinal sections of the basal
bodies and flagella. Note the electron-opaque core in the basal body, the hat-like structure in the transition region, the electron-opaque
connectors between the microtubules of the basal body and the flagellar membrane and the electron-opaque disc proximal to the
termination to the central pair of microtubules of the axoneme. Fig. 27. Cross-section (TS) near the base of a haptonema. Arrowhead
indicates one of many links found along the length of the haptonema between its microtubules. Figs 28–30. Consecutive TSs through the
transition region of a non-emergent basal body. Figs 31–46. Consecutive serial basipetal TSs through the flagellar apparatus. Figs 39 and
44 represent detailed portions of Figs 21 and 22 respectively. See text for details. Abbreviations : A, accessory band ; cc, calcite crystals ;
CR2, crystalline root nucleated on R2; D, distal band ; f, possible elements of a fibrous root associated with R4 ; H, haptonema ; L, left
flagellum or basal body ; M, mitochondrion ; pb, proximal band ; per, peripheral endoplasmic reticulum; R, right flagellum or basal body ;
R1 to R4, microtubular roots.
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134∞ 36’ E) on 29 July 1995. Cultures were maintained at
20 ∞C under a 16 h :8 h light :dark regime with a photon
flux density of 120 µmol m�# s�". Living cells were
observed using a Zeiss Axiophot microscope with
di�erential interference contrast (DIC) and phase contrast
optics. For coccolith and organic scale micromorphology,
a drop of culture was placed on a formvar-coated grid,
fixed by osmium tetroxide vapours, dried, washed with
MilliQ-filtered water and shadowed at 30∞ with Au}Pd.
The grids were viewed using a 100C JEOL transmission
electron microscope at 80 kV. Preparation for general
ultrastructural investigation was as described by Kawachi
& Inouye (1994), but to preserve the scale covering, cells
were rapidly fixed (10 min) in cold (4 ∞C) 2% osmium
tetroxide diluted in seawater, washed in cold seawater and
dehydrated in a cold alcohol series before embedding as
normal. Serial sections were collected on carbon-coated
formvar suspended on slot grids.

Results

Vegetative cells of Calyptrosphaera radiata, on average
4±5 µm in diameter (or 6±3 µm including the coccoliths),
are solitary and generally non-motile (Fig. 1) but, in
recently sub-cultured preparations, a small proportion of
flagellate individuals (of 180 cells counted, 1 in 9 were
flagellate) with two subequal flagella and no visible
emergent haptonema (Fig. 2) are always encountered. At
any one time less than half the cells have obvious
coccoliths, but these can occur on either flagellate (Fig. 3)
or non-motile cells (Fig. 4). Cells may divide in either the
non-motile (top cell in Fig. 1) or flagellate state (Fig. 5).
Each cell has a bilobed chloroplast and a single pyrenoid
(e.g. Figs 2, 4, 6). Upon flattening, apparently naked cells
have been observed to escape from a distinct hyaline
sheath that is obvious under DIC optics (Fig. 6) or phase
contrast (Fig. 7). Coccolith-bearing cells may also escape
from their coccospheres (Figs 8, 9), the latter of which are
apparently subtended by similar hyaline sheaths. At the
electron microscope level, no mucilage or membranous
structure expected for a hyaline sheath is observed, only a
cohesive layering of organic scales with some evidence of
a connecting matrix (Fig. 10). These scales adhere strongly
enough to allow their folding as a unit in a membrane-like
fashion when whole mounts of the cells are prepared (Fig.
11). At the light microscope level, the coccoliths are
conical, of variable height (Figs 3, 4, 8, 12) and have an
obvious hollow core (Fig. 13). They are typical holo-
coccoliths with rhombohedral crystals (Fig. 14) and are
each subtended by an organic base plate scale (Fig. 15).
The organic scales have the distinct distal (spiral, Fig. 16)
and proximal (radial, Fig. 17) fibrillar ornamentation
typical of many haptophytes, are of variable size and their
shape en face ranges from elliptical to round (Fig. 17).

The internal organization of the cell is typical of many
non-pavlovalean haptophytes (Figs 18–23).Many random
sections of the cell (e.g. Fig. 20) show two chloroplast

profiles but serial sectioning shows that only one is
present with two anterior lobes (Figs 21–23). The
chloroplast is opposite and laterally displaced relative to
the insertion of the basal bodies (Figs 18, 19, 21). It is
bounded by chloroplast endoplasmic reticulum and lacks
girdle lamellae. The pyrenoids are immersed and situated
close to the inner face of the chloroplast (Figs 18–20, 23)
and are further noteworthy in that they have a strange,
commonly peripheral (e.g. Figs 18, 20), but sometimes
even invading (Fig. 19), electron-translucent envelope in
addition to the single group of paired invading thylakoids.
The Golgi body is polarized to the basal bodies, possesses
the typical peculiar dilations for this group (Figs 19–22)
and, as expected, is responsible for the assembly of the
organic base plates and scales. Although the deposition of
calcium carbonate required for the formation of the
holococcoliths must occur externally (mature coccoliths
are too large to be completely formed internally and none
are found in the dictyosome), there is evidence of the
crystals forming in the Golgi itself (Figs 21, 33–35). There
is a well-developed peripheral endoplasmic reticulum
network, a single, highly reticulate mitochondrion with
tubular cristae, a nucleus and a vacuole (Figs 18–23).
Interphase cells always have two basal bodies (with
emergent flagella if motile) and a non-emergent
haptonema whose microtubules form an arc facing the left
basal body.

The flagellar apparatus of this organism follows the
common pattern for haptophytes, exclusive of the Pavlo-
vales. Longitudinal sections through the basal bodies of
emergent flagella (Figs 24–26) show that the flagellar
transition region comprises a hat-like structure sensu
Kawachi & Inouye (1994), topped by an electron-opaque
disc proximal to the termination of the central pair of
microtubules of the axoneme (Figs 25, 26). The flagellar
membrane constricts at the level of the hat-like structure
and is attached to it by electron-opaque connectors (Figs
24–26). The microtubules of the non-emergent haptonema
(Fig. 26) are variably interconnected along their length by
thin fibres and vary in number from seven at its base (Fig.
27) to three distally (not shown). The diameter of the
axoneme in the transition region of the non-emergent
flagella is constricted at the level of the hat-like structure
and the doublets are internally lined by electron-opaque
links (Fig. 28). More proximally, the doublets become
more clearly separated, are interconnected by nexin links
(Figs 29, 30) and ultimately acquire the C-tubules to
become basal bodies (see also Figs 31–34). In cross-
section, the triplets of the basal body form a near-perfect
circle at a distal level (Fig. 34) but become progressively
more imbricated basipetally (right basal body, Figs 35–42).
Much of the lumen is occupied by an electron-opaque
central core (Figs 24, 34–38) and ribosomes are also
present (e.g. Figs 24, 26, 30).

A series of sections through a cell, transverse relative to
the basal bodies (Figs 31–46), shows that the left (L) and
right (R) basal bodies are often only slightly divergent
(Figs 31–41) and that they are interconnected by an
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Figs 47–61. Details of the microtubular roots of Calyptrosphaera radiata sp. nov. Figs 47–50. Consecutive serial sections in a plane close
to that followed by the microtubules of both the R2 and its attached CR2. Note the divergent microtubules of the CR2 (*). Fig. 51.
Cross-section of the CR2 root. Figs 52–61. Consecutive serial sections through the flagellar apparatus showing profiles of all four
microtubular roots. Abbreviations : CR2, crystalline root nucleated on R2; D, distal band ; H, haptonema ; L, left flagellum or basal body ;
M, mitochondrion ; per, peripheral endoplasmic reticulum; R, right flagellum or basal body ; R1 to R4, microtubular roots.

obvious distal fibre (Figs 33–35) and a proximal fibre (Fig.
41). An accessory fibre also links the proximal extremities
of the two basal bodies to each other and to the
haptonematal base (cf. Figs 38, 39). A superficial R1
microtubular root (Figs 33, 34) is proximally attached to

the haptonematal base and close to the base of the left
basal body (Figs 35, 36). It lacks any crystalline root
component (CR1) (Figs 33–36). The R2 microtubular root
arises proximal to the distal fibre (Figs 34–36), and
descends down the side of the cell opposite the chloroplast
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Figs 62–74. The flagellar apparatus of a preprophase cell of Calyptrosphaera radiata sp. nov. Figs 62–70. Consecutive basipetal cross-
sections. Note the nascent basal bodies, the lack of new microtubular roots, but evidence of a new CR1. Figs 71–74. Details of Figs 65,
66, 67 and 70 respectively indicating some individual microtubules of the CR1 root (arrowheads). Abbreviations ; CR1, crystalline root
nucleated on R1 at preprophase ; CR2, crystalline root nucleated on R2; L, left flagellum or basal body ; n, nascent basal body ; R, right
flagellum or basal body ; R1 to R4, microtubular roots ; sv, scale vesicle.

where it gives rise to a deep-seated CR2 that underlies a
superficial mitochondrial profile (Figs 37–46). In their
distal reaches, the R3 and R4 microtubular roots run side
by side, superficial to a mitochondrial profile (cf. Figs
31–33 and 34–36) and in a plane parallel to that of the

more deep-seated CR2 (cf. Figs 44–46). They diverge
from one another as they approach and attach on either
side of the right basal body (Figs 33–39). The origin and
recurved nature of the R2 root is clear in Figs 47–50 and
the microtubules of the CR2 root arise from it in two sets
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with di�erent orientation, one running parallel to the
mitochondrial surface and the other, a smaller group,
deflected towards the endoplasmic reticulum network in
the centre of the cell (Figs 48, 49). Both components of the
CR2 extend towards the surface of the nucleus (Fig. 49).
The CR2 root comprises about 100 microtubules (Fig. 51),
with the number decreasing distally (not shown). The R1
root has at least seven microtubules (e.g. Fig. 52), although
the exact number is di�cult to ascertain due to its
divergent nature. The R2 root comprises fourmicrotubules
(Figs 41, 52) proximally forming an arc (Figs 52, 53). The
origins and paths traced by the R3 and R4 roots are
corroborated in sections cut longitudinally through the
flagellar apparatus (Figs 53–61). The R3 root has four
microtubules in a 2}2 configuration (Figs 57–61), and the
R4 root has only one microtubule (Figs 58–61) with some
evidence of a fibrous root in attendance (Figs 38, 39). The
unequal length of the microtubules comprising the non-
emergent haptonema is also apparent (Figs 55, 56).

In cells at preprophase, nascent basal bodies form before
the microtubular roots have been replicated or have had
the opportunity of reforming connections with nascent
basal bodies, and they also precede replication of the
haptonema (Figs 62–70). At this stage, the CR2 is readily
apparent (Figs 64–70) but, in addition, a new CR1 is now
present, nucleating on the R1 and running down deep into
the cell in a plane at right angles to that of the superficial
CR2 (Figs 65–70). Details of some of these microtubular
profiles are provided for clarity in Figs 71–74. Reference
to deeper sections through the cell (not shown) shows that
the two CRs are on opposite sides of the deeper-seated
nucleus.

Discussion

Calyptrosphaera radiata sp. nov. has vari-monomorphic
(sensu Jordan et al., 1995) and novel calyptroliths, generally
much taller than those of recognized species of Calyptro-
sphaera, but using the criteria of Norris (1985) clearly
belongs to this genus. However, it has previously
been shown that certain holococcolithophorids (family
Calyptrosphaeraceae) are life cycle stages of heterococco-
lithophorids (e.g. Parke & Adams, 1960) and this has led
Kleinje (1991) even to suggest that the concept of the
family Calyptrosphaeraceae may ultimately have to
abandoned. Billard (1994) suggests that holococco-
lithophorids represent the haploid, and heterococco-
lithophorids the diploid, generation of coccolithophorids.
We have never been able to induce any alternate form of
this organism in culture, but this is not surprising if it
proves to be heterothallic. Thus, while we cannot
irrefutably prove that C. radiata is a new species, it is at the
very least a novel life cycle stage and we have no means
of linking it to any other described stage. We are thus
compelled at this juncture to describe it as a new species
and await the potential discovery of the alternate phase to
elucidate its true a�nities. However, an analysis of 18S
rDNA sequences of numerous haptophytes (Kawachi,

unpublished data) indicates that C. radiata is closely
related to, but distinct from, Cruciplacolithus neohelis ; these
two clade in turn with Calcidiscus Kamptner, another
heterococcolithophorid demonstrated to have a holo-
coccolithophorid alternate phase (with crystalloliths ; see
Jordan et al., 1995), andCalyptrosphaera sphaeroidea Schiller.

This relationship reinforces the idea of alternating life
cycle stages suggested by Billard (1994) and indicates that
this species is indeed new, though possibly the haploid
phase of a heterococcolithophorid. Further features that
point to C. radiata being a haploid phase include the
presence of a single chloroplast and bilayered scales with
a di�erent distal (concentric) and proximal (radiating in
four quadrants) microfibrillar arrangement (Billard, 1994).
However, it should be noted that Cruciplacolithus neohelis,
which, as a diploid heterococcolithophorid, should have
monolayered scales and base plates with concentrically
arranged microfibrils according to Billard’s (1994) theory,
has bilayered scales although the base plates of the
coccoliths di�er in being rimmed (Fresnel, 1986).

The fact that Calyptrosphaera, from molecular evidence
(Kawachi, unpublished data), appears to be polyphyletic
supports the growing notion that accepted coccolith
features are unreliable distinguishing features for generic
delimitation and that we should perhaps consider the
erection of a new genus for this species. However, the
complexities introduced by the potential existence of life
cycle stages encased by di�erent coccoliths, together with
the fact that we have not been able to induce an alternate
phase, would further confuse a rather unwieldy taxonomy.
We have therefore decided to retain the epithet Calyptro-
sphaera for this organism.

The close a�liation between C. radiata and C. neohelis
apparent from the 18S rDNA data enjoys some support
from ultrastructural data including the similar immersed
pyrenoids, electron-opaque cores in the basal bodies,
structure of the transition region, arrangements of the
microtubular roots, the non-emergent haptonemata and
coccolith basal plates and organic scales. On the other
hand, there are substantial di�erences, such as the number
of chloroplasts per cell and the type of coccolith, the latter
of which is not a problem if each species is representative
of di�erent phases of di�erent ploidies. It is tempting to
link the two as alternate phases of the same organism, but
the di�erence in the 18S rDNA data of the two forms is
nevertheless su�cient to warrant their separation.

The general ultrastructural features of Calyptrosphaera
radiata are in keeping with most coccolithophorids. The
fact that most mitochondrial profiles are contiguous in this
species lends support to the growing belief that most
unicellular algae have a single reticulated organelle (e.g.
McFadden & Wetherbee, 1982 ; Beech & Wetherbee,
1984). The immersed pyrenoids, with sharply defined
boundaries, lacking a delimiting membrane and with an
electron-translucent surround, are like those found in
Cruciplacolithus neohelis (Fresnel, 1986) although the trans-
lucent area in C. radiata may even penetrate the body of
the pyrenoid. The vacuole is unusual for this group, being
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Table 1. Known microtubular root components of coccolithophorids

Species R1 CR1 R2 CR2 R3 R4

Calyptrosphaera radiata sp. nov. E D E E E E
Coccolithus pelagicus (Wallich) Schiller E D ? ? ? ?
Cruciplacolithus neohelis (McIntyre & Be! ) Reinhardt E E E D E E
Emiliania huxleyi (Lohmann) Hay & Mohler E ? ? ? E ? ?
Hymenomonas coronata Mills E D E E E D
H. globosa (Magne) Gayral & Fresnel E E E ? ? E ? ?
H. lacuna Pienaar E E E E ? ?
H. roseola Stein E E E E ? ?
Jomonlithus littoralis Inouye & Chihara E E E E E D
Ochrosphaera neapolitana Schussnig E E E E ? ?
Pleurochrysis carterae (Braarud & Fagerland) Christensen E E E E E E
P. carterae var. dentata Johansen & Doucette E E E E ? ?
P. placolithoides Fresnel & Billard E E E E E ?
P. pseudorosco�ensis Gayral & Fresnel E E ? ? ? ?
P. rosco�ensis (Gayral & Fresnel) Fresnel & Billard E E E E E ?
Pleurochrysis sp. E E E E E E
Syracosphaera pulchra Lohmann E D E D E E
Umbilicosphaera sibogae (Weber-van Bosse)
Gaarder var. foliosa (Kamptner) Okada & McIntyre

E E E E E E

Adapted from Green & Hori (1994).
E present ; D absent ; ? unknown; E ? presumably present.

lateral and anterior rather than in the more commonly
encountered posterior position, but this is due to the
limitations set by the cell having a single posterior rather
than two lateral chloroplasts.

The fact that calcite crystals can be observed within the
cisternae of the Golgi body raises new interest in the
mechanism of holococcolith calcite assembly. Rowson et
al. (1986) found no evidence of calcite deposition within
the confines of the holococcolithophorid stage of
Coccolithus pelagicus. These cells di�er from those of
Calyptrosphaera radiata in that the envelope encases the
developing coccoliths rather than underlying them.
Rowson et al. (1986) suggest that the envelope of C.
pelagicus provides a high Ca#+ ion microenvironment
which allows for extracellular precipitation. However,
such an environment is lacking in C. radiata, so it is likely
that it occurs intracellularly. In support of this, the
envelope in C. pelagicus appears far more substantial than
the loosely packed organic scales of the sheath of C.
radiata. However, it too has a fibrillar microarchitecture
(figs 6, 25 of Rowson et al., 1986), which suggests that it
is also composed of organic scales that are more
cohesively packed. The looser packing noted in the scales
forming the sheath in C. radiata may be a prerequisite for
the transport of the calcite crytals to the growing
coccoliths, the latter of which most likely are assembled
externally since they often a�ord extensive profiles not
visualized within the cell’s confines.

The flagellar apparatus of C. radiata fits perfectly the
basic plan of prymnesiophycid haptophytes (fig. 3.1 of
Green & Hori, 1994) and, apart from discrepancies with
regard to CR1 versus CR2, is remarkably similar to that of
C. neohelis (Kawachi & Inouye, 1994). However, it is
unique (Table 1). The only other species reported to have

only one crystalline root nucleating on R2 is Hymenomonas
coronata, but the flagellar apparatus of this species di�ers
both in lacking an R4 root and in having a fibrous root
in its stead (Roberts & Mills, 1992). C. radiata represents
the third known coccolith-bearing species with only one
crystalline root. Kawachi & Inouye (1994) suggested that
such a configuration of the flagellar apparatus represents
an evolutionary intermediate between the extremes
represented by the Syracosphaera Lohmann type (with no
CRs) and the Pleurochrysis Pringsheim type (with two
CRs). The close relationship between C. neohelis and C.
radiata indicated by the molecular data (Kawachi, unpub-
lished data) supports the notion of species with a single
CR being closely related, in spite of the fact that they are
associated with di�erent roots. However, further mol-
ecular analyses which include the key species involved in
this hypothesis and a more comprehensive survey of the
range of flagellar apparatus configurations within the
coccolithophorids are required before this idea can be fully
tested.

The presence of two crystalline roots at preprophase
mirrors the condition shown in cells of a similar stage in C.
neohelis (Kawachi & Inouye, 1994) although de novo
synthesis of the root is obviously nucleated on R1 rather
than R2. The fact that the two crystalline roots in C.
radiata are similarly positioned, relative to the nucleus, to
those in C. neohelis at preprophase, lends support to the
hypothesis of Hori & Inouye (1981) and Kawachi &
Inouye (1994) that they contribute to the forming mitotic
spindle.

Finally, the fact that the microtubules of the axoneme
are constricted in non-flagellated cells in the region of the
hat-like structure is reminiscent of the condition of
deflagellated green algal cells and leads to the speculation
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that the hat-like structure is likewise made up of centrin
(Schulze et al., 1987).

Description

Calyptrosphaera radiata sp. nov.

Cellulae sphaericae, 4±0–5±6 µm sine coccolithibus aut
4±8–7±2 µm coccosphero diametro. Chloroplastus unus
luteolusque cupulatusque polo flagellorum oppositusque,
pyrenoide immersa. Globulus coccolithorum calyptro-
lithorumgradatim contractorum varie longorumque. Bases
coccolithorum squamae aliae ellipticae. Microfibrillae
bistrate in strato proximali in quatuor quadranti radiales, in
strato distali concentricae. Raro flagellis sed semper
apparatu basali turma Prymnesiophycidae conformi sed
tantum cum CR2 radice tempore inter divisiones et sine
lingue cytoplasmatis R1 radice consociato.

Cells spherical, 4±0–5±6 µm in diameter without
coccoliths and 4±8–7±2 µm inclusive of the coccosphere.
Chloroplast single, pale yellow, opposite the flagellar pole
and with an immersed pyrenoid. Coccosphere comprising
gradually tapering calyptroliths of variable height and
subtended by a hyaline sheath. Base plates and other
underlying organic scales elliptical. Microfibrils bilayered,
proximal layer radially arranged in four quadrants, distal
layer concentrically arranged. Rarely flagellate but always
with a basal apparatus, basal apparatus conforming to
other members of the Prymnesiophycidae but only with
CR2 present at interphase and the R1 root not associated
with an obvious cytoplasmic tongue.
Holotype : Figs 4 and 14. Permanent light microscope
slides and fixed embedded material have also been
lodged with the Moss Herbarium, University of
the Witwatersrand, Johannesburg (Accession number :
J100089).
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