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Pleurochrysis placolithoides sp. nov. (Prymnesiophyceae), a New Marine 
Coccolithophorid with Remarks on the Status of Cricolith-bearing Species 

By JACQUELINE FRESNEL and CHANTAL BILLARD 

Laboratoire d'Algologie Fondamentale et Appliqube de l'Universitd de Caen, 39 rue 
Desmoueux, 14000-Caen, France 

The main characteristics of the unique cricoliths of Pleurochrysis placolithoides sp. nov., a 
marine coccolithophorid isolated from the coast of Belle-lle-en-Mer (France), are consider- 
able development of the distal ring and heterogeneity in size. Their convex shape and 
overlapping elements further distinguish the coccoliths which superficially resemble placoliths. 
Ultrastructural features are similar to those of other members of the genus, including details 
of the flagellar apparatus and coccolithogenesis, and a heteromorphic life cycle is demon- 
strated in culture. Cricolith-bearing organisms are discussed and it is concluded that two 
distinct groups of species may be distinguished based on differences in coccolith morphology. 
Following this study P. placolithoides is shown to be related to Cricosphaera gayraliae. The 
family Pleurochrysidaceae fam. nov. is established for coccolithophorids with authentic 
cricoliths and a new combination is also proposed: P. roscoffensis (Dangeard) comb. nov. 

In contrast to oceanic coccolithophorids 
which display a wide range of  coccolith 
types, including holococcoliths and hetero- 
coccoliths, coastal or neritic species show 
little variety in the architecture of  their 
coccoliths, which are true heterococcoliths 
(Fresnel, 1989). The species most  frequently 
reported in near-shore waters feature either 
tremaliths (genera Hymenomonas Stein and 
Ochrosphaera Schussnig) or cricoliths 
(genera Cricosphaera Braarud and 
Pleurochrysis Pringsheim). To our know- 
ledge there are few exceptions to this general 
rule. Two species of  Braarudosphaera 
Deflandre (with pentaliths) were reported 
from Roscoff, France (Lefort, 1972), but 
were probably brought in by oceanic waters, 
while Cruciplacolithus neohelis (Mclntyre & 
Br) Reinhardt (with placoliths) is known 
both f rom pelagic and coastal areas (Fresnel, 
1986). In contrast, Jomonlithus littoralis 
Inouye & Chihara described from Japan 
appears to be another true coastal organism; 
its coccoliths are quite unusual and cannot 
be ascribed to any known type so far (Inouye 
& Chihara, 1983). 

When we first observed the coccoliths of  
the marine, littoral organism to be described 
below, our overall impression was that we 
were looking at a placolith-bearing species, 
so distinct was the morphology of  the 
coccoliths under the light microscope. 
Nevertheless, following an ultrastructural 
study of  their architecture and the discovery 
of  a heteromorphic life cycle in culture, we 
concluded that the organism undoubtedly 
belonged to the genus Pleurochrysis. We 
present a description of  this new taxon for 
which the epithet "placolithoides'" was 
chosen as a reminder of  the peculiar 
morphology of  the coccoliths, and a review 
of cricolith-bearing species for which a new 
family will be proposed. 

M A T E R I A L  A N D  M E T H O D S  

The organism was collected in April 1983 from 
cliffs at Port-Maria in the island of 
Belle-Ile-en-Mer, off the coast of Brittany, 
France. Samples of a yellow gelatinous mat grow- 
ing on moist supra-littoral crevices were brought 
back to the laboratory and placed in enriched 
medium. Coccolith-bearing motile cells appeared 
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68 J. Fresnel and C. Biilard 

a few days later growing with other microalgae 
identified as Chrysotila lamellosa Anand, 
Brachiomonas submarina Bohlin and Rivularia sp. 
The coccolithophorid was collected and observed 
again in April 1987, at the same collection site 
growing within the same microaigal community. 
It has not been observed elsewhere on the coasts 
of Normandy or Brittany. 

A clonal culture (number 59 in our Culture 
Collection, see Billard, 1987)was established from 
a single coccolith-covered cell isolated from the 
original sample. The strain is grown in ES-Tris II 
medium (Cosson, 1987) at room temperature and 
under natural daylight illumination. 

Living cells were examined with a Leitz 
Orthoplan microscope equipped with phase and 
interference optics. 

Whole mounts for electron microscopy were 
prepared in the conventional manner and 
shadowed with gold-palladium. Scales were exam- 
ined after dissolution of  the coccoliths in a dilute 
acid. For sectioned material, cells were fixed for 
1-5 h in cold 4% glutaraldehyde with 0.25 M 
sucrose in 0-1 M sodium cacodylate buffer at 
pH 7.4. Cells were washed with buffer containing 
decreasing sucrose concentrations and post-fixed 
for 2 h in cold 1% osmium tetroxide in the same 
buffer. After a rinse the cells were gathered in a 
fibrin network (Charret & Faur6-Fr6miet, 1967), 
then dehydrated and embedded in Epon by stan- 
dard procedures. Sections were cut with a 
diamond knife and stained with uranyl acetate 
followed with lead citrate. Observations were 
carried out with a Siemens Elmiskop 102 trans- 
mission electron microscope or a Jeol JSM-840 
scanning electron microscope. 

O B S E R V A T I O N S  

Light microscopy 

Coccolith-bearing stages. The cells o f  this 
generat ion are generally motile and young  
cells are distinctly spherical in shape (Figs 1, 
2) in contrast  to other  members  o f  the genus 
Pleurochrysis. They measure 13 ~tm in 

diameter and 15 Ixm with the coccosphere.  
Motile cells bear two strongly anisokont  
flagella reaching 28 Ixm and 20 Ixm in maxi- 
mum length; as with most  flagellate cocco- 
li thophorids, these are often retracted in 
living cells. The short  bulbous hap tonema  is 
difficult to detect, except in young  cells with 
incomplete coccospheres (Fig. 1) or  after 
dissolution o f  the coccoliths. Motile cells 
rotate while swimming, with their flagella 
directed forward.  

The periplast consists o f  elliptic, strongly 
calcified coccoliths, often imbricated with 
one another  and forming a compac t  cocco- 
sphere on adult  cells. The number  o f  cocco- 
liths per cell is distinctly lower than in 
other  cricolith-bearing species o f  the 
Pleurochrysis-Cricosphaera group.  A further 
characteristic feature o f  our  organism is the 
shape and aspect o f  the coccoliths which 
superficially recall those o f  placoliths. They 
are heterogeneous in size and their distal side 
appears made  up o f  two distinct parts o f  
different thickness when observed with inter- 
ference optics: an elevated rim limiting the 
oval opening o f  the coccoli th and a flattened 
base which looks either smooth  or  more  
rarely undulate  (Fig. 1). Dimensions o f  the 
opening and the base o f  the coccoliths are 
highly variable in width. 

The cell carries two lateral, light-yellow 
chloroplasts each with a large bulging pyre- 
noid (Fig. 2). Living cells were often seen to 
contract  a long an antero-poster ior  axis. This 
unusual movement  which affects the entire 
cell is especially evident at the flagellar pole 
which flattens and rapidly recovers its 
original shape. One o f  the tangible conse- 
quences we have observed is the migrat ion o f  
internal coccoliths towards  the flagellar pole. 

FIGS 1-9. Pleurochrysis placolithoides. Figs 1-4. Living cells examined with interference optics. Scale bar = 10 ~tm. 
Fig. 1. Surface view of coccospheres; the short bulbous haptonema of a motile cell is visible (arrow). Fig. 2. Motile 
coccolith-bearing cell showing two plastids with bulging pyrenoids. Fig. 3. Non-coccolith-bearing swarmer. Fig. 4. 
Pseudofilamentous benthic stage. Figs 5-8. Scanning electron microscopy. Scale bar = 1 ~tm. Fig. 5. Coccosphere 
with imbricated convex cricoliths. Fig. 6. Detail of two cricoliths showing overlapping elements of the large distal 
shield; note that the direction of the overlap is variable (arrow). Fig. 7. Part of a coccosphere demonstrating 
heterogeneity in size of the cricoliths; rectangular elements are visible inside the oval opening of some coccoliths 
(arrows). Fig. 8. Single cricolith examined in proximal view: note the smaller proximal disc with its denticulate 
outline and trace of the subtending base-plate scale. Fig. 9. Scale bar = 0'5 ~tm. Oblique section of a cricolith 
showing imbricated A and B elements. 
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Pseudofilamentous stages. The benthic 
pseudofilamentous stage was detected about 
a month and a half after the establishment of  
the clonal culture from a single, coccolith- 
beating cell. In the benthic stage the cells are 
elongate, lack coccoliths and form short, 
stout, two- to four-celled sparsely branched 
filaments (Fig. 4). The cells measure 
9-13 ~tm wide by 13-20 Ixm long. One or two 
yellow chloroplasts are present, each with a 
bulging pyrenoid. On solid media the 
pseudofilamentous colonies are similar to 
those observed in P. pseudoroscoffensis 
Gayral & Fresnel (Gayral & Fresnel, 1983), 
i.e. clustered with short, stout ramifications. 
Such colonies transferred to liquid medium 
gave rise to motile, non-coccolith-bearing 
swarmers: these are spherical in shape with 
two anisokont flagella and a very short 
bulbous haptonema (Fig. 3). Some naked 
swarmers are zoospores and develop new 
filaments after germination, others are 
gametes and induce the coccolith-bearing 
generation after syngamy. We did not 
attempt to follow in detail the different steps 
of  syngamy and evolution of  the zygote in 
our organism, assuming they were similar to 
those previously observed in P. pseudo- 
roscoffensis (Gayral & Fresnel, 1983). 

Electron microscopy 

Cell covering. Examination of  the cocco- 
sphere by scanning electron microscopy 
(Figs 5-8) reveals the convex shape of  the 
elliptical coccoliths and the considerable 
development of  the distal ring enlarged here 
to form a shield reminiscent of the distal 
shield of  certain placoliths. The coccoliths 
are smooth, without any distinctive orna- 
mentation. Figure 7 shows the variability in 
coccolith size: whole coccoliths studied in 

distal view measure from 2 to 4 p.m long and 
1-5 to 3 lam wide, while the width of  the 
distal shield proper ranges from 0-5 to 
1.2 ~tm. In practice some coccoliths are 
therefore twice as large as the others. Each 
coccolith appears to be made up of  two 
unequal discs or shields connected by a 
central wall. The distal shield consists of  a 
single cycle of  11-12 smooth elements, 
generally slightly overlapping (Figs 6, 9); the 
direction of  the overlap is variable, some 
elements exhibiting clockwise and others 
counter-clockwise imbrication in the same 
coccolith (Fig. 6). In favourable cases, flat 
rectangular brooch-like structures present 
along the inner side of  the central wall are 
visible (Figs 6, 7). In proximal view the 
coccolith is smooth and the trace of  the 
subtending organic base-plate scale visible 
(Fig. 8). The proximal disc is always 
narrower than the distal shield, with a 
characteristic denticulate outline (Fig. 8). 

The height of  the coccoliths estimated 
from thin sections is also variable, the inner 
wall around the opening measuring 
0.45q3-75 pro. Nevertheless at the periphery 
of  the coccolith where the distal shield is 
thinner and tapers, the distance between 
both discs is then 0.32 to 0-40 pm. The 
convex nature of  the distal shield is also 
apparent in sections (Figs 10, 15). Despite 
their general aspect, the coccoliths are true 
cricoliths, consisting in two systems of  anvil- 
shaped elements (A and B), interlocking in 
the manner originally described by Outka & 
Williams (1971) for P. carterae (Braarud & 
Fagerland) Christensen. Elements designated 
"A "  form the distal shield while the wall of  
the central opening mainly consists of  
elements designated "B"  which alternate 
with A elements to form the proximal disc 
(Figs 9, 10). Tangential sections show that 

FIGS 10-14. Pleurochrysis placolithoides. Scale bar = 0.5 p.m. Fig. 10. Section showing typical cricolith structure of 
two coccoliths with A and B elements; note difference in size of the two neighbouring coccoliths and their convex 
shape due to overdeveloped distal shields. Coccolith base-plate scales are visible and also underlying unmineralized 
body scales. Figs 11-14. Shadow-cast preparations. Fig. t 1. Coccolith base-plate scale viewed from its amorphous 
distal face in a field of body scales with rims and ornamentations characteristic of the diploid generation. Note size 
range of the body scales. Fig. 12. Proximal view of a base-plate scale with its pattern of radiating ridges. Fig. 13. 
Rimless body scales of a filament showing different patterning of the two surfaces typical of the haploid generation. 
DF, distal face; PF, proximal face. Fig. 14. Smaller body scales of a swarmer released from a filament. 
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72 J. Fresnel and C. Billard 

the A elements of the distal shield can 
overlap in one direction while the rect- 
angular structures formed by the B elements 
inside the central wall overlap in the opposite 
direction (Fig. 9). This arrangement is not 
constant for all coccoliths. 

Base-plate scales examined after dissolu- 
tion of  the coccoliths are oval, 
2.1-2.3 x 1.2 gm, and feature the character- 
istics of cricolith base-plate scales: the distal 
face is amorphous in structure (Fig. 11) 
while the proximal face bears a pattern of  
radiating ridges arranged in four quadrants 
(Fig. 12). The underlying unmineralized 
body scales show a distinct raised rim and 
are usually circular in outline, 0"85-1 gm in 
diameter, but some may be exceptionally 
large, up to 1.75 gm in diameter (Fig. 11); 
their ornamentation is identical on both 
sides. Similar scales, but much smaller and 
elliptical in outline (0.5 x0.25 I~m; Figs 11, 
12) are seen in whole mounts to be located 
above the haptonema. 

As previously shown for other 
Pleurochrysis species (Leadbeater, 1970, 
1971; Gayral & Fresnel, 1983), cells of  the 
pseudofilamentous generation are covered by 
unmineralized scales. They bear character- 
istic patterns on their two surfaces and 
measure roughly 1"5-1"9 gm in diameter. 
The proximal face consists of  radiating 
ridges arranged in four quadrants whereas 
the distal face shows a pattern of approxi- 
mately concentric fibrils (Fig. 13). In 
contrast to the body scales of  the coccolith- 
bearing generation, scales of  the benthic 
generation have no rims. Similar scales, but 
smaller in size, cover the naked swarmers 
released by the filaments (Fig. 14). 

Cell uitrastructure. The ultrastructural 
features of  our organism are similar to 
those of  other species in the 
Pleurochrysis-Cricosphaera group and will 
be briefly considered. Figure 15 shows the 
general aspect of coccolith-bearing cells. 
There is a single layer of  cricoliths overlying 
several layers of  organic scales and the proxi- 
mal layer of  body scales is separated from 
the plasmalemma by columnar material 
(Fig. 10). The peripheral endoplasmic reti- 
culum is apparent. The chloroplast ER of  
both chloroplasts is associated with the 
nuclear envelope (Fig. 15) and the bulging 
pyrenoids are penetrated by seven to eight 
bands of paired thylakoids (Figs 15, 22). 
Mitochondrial profiles are abundant but 
Beech & Wetherbee (1984) have shown there 
is a single mitochondrial reticulum in 
P. carterae. The Golgi body, located above 
the nucleus, shows the "peculiar" dilatations 
typical of prymnesiophycean dictyosomes 
and maturing scales are visible at the distal 
face (Fig. 20). Coccolithogenesis has been 
followed and is similar to that observed in 
other cricolith-bearing species (Outka & 
Williams, 1971; Gayral & Fresnel, 1976, 
1983), with involvement of  granular cocco- 
lithosomes. Because the cricoliths are 
strongly calcified, coccolithosomes are parti- 
cularly abundant in our species where they 
first appear in distal saccules of  the Golgi 
body (Fig. 20). They are transported via 
coated vesicles to the characteristic ear- 
shaped coccolith vesicle containing the base- 
plate scale (Figs 21, 22). Figure 22 shows a 
later stage in coccolithogenesis where the 
outline of the future coccolith is recognizable 
inside the vesicle filled with coccolithosomes. 

FIGS 15-19. Pleurochrysis placolithoides. Fig. 15. Scale bar = 2 lam. Section of coccolith-bearing cells showing the 
two plastids (P) associated with the nucleus (N), and bulging pyrenoid (PY). The arrows indicate continuity between 
the nuclear envelope and chloroplast endoplasmic reticulum. Fig. 16. Scale bar = 0'5 lam. Transverse section of 
flagellar bases (L and R) and associated compound roots 1 and 2: crystalline roots C R  t and CR2 emerge at right 
angles from the microtubular sheets R~ and R v R 2 is seen to originate from the dense band of material joining the 
ttagellar bases. Fig. 17. Scale bar = 0"2 lam. Section of the haptonematal base (H) with eight microtubules. 
Figs 18-19. Scale bar = 0-5 gm. Serial sections showing the fibrous root (F) joining the left flagellar base (L) to 
microtubules originating from root R~ at the level where these penetrate deep into the cell to form the contractile 
root (arrows). Note resulting septation of the vacuolar space (V). 
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The flagellar root system is similar to that 
seen in other Pleurochrysis species (Inouye & 
Pienaar, 1985; Beech & Wetherbee, 1988) 
and we used the notation of  Beech & 
Wetherbee. The haptonematal base features 
eight microtubules (Fig. 17), and three asym- 
metrical microtubular roots (1, 2, 3) are 
associated with the flagellar bases; only the 
two main ones--roots  1 and 2- -a re  illus- 
trated here. Compound roots 1 and 2 are 
respectively associated with the left and the 
right flagellum and their crystalline bundles 
of microtubules are roughly perpendicular to 
each other (Fig. 16); both roots are 
composed of  a sheet of  closely aligned micro- 
tubules (R 1 and R2) and a crystalline bundle 
of  packed microtubules (CR 1 and CR2) 
emerging at right angles from the sheets 
(Fig. 16). We have estimated up to 30 micro- 
tubules in Rm, while fewer are present in R 2 
(four according to Inouye & Pienaar, 1985). 
As shown in Fig. 16, root 2 originates from a 
dense band connecting the flagellar bases. 

Associated with root  1 is the fibrous root 
(F) which joins the left flagellar base to the 
microtubular sheet R~ at the level where 
some of  the microtubules of  R~ descend into 
the cell towards the posterior pole (Figs 18, 
19). After their junction with root F, a 
number of  microtubules from R 1 move away 
from the flageUar bases and spread out 
distally; parallel microtubules are visible in 
Figs 18 and 19 where they cross the vacuolar 
space. This unusual root, of  which only the 
distal part is illustrated here, is clearly in 
continuity with R m and was originally 
observed in P. pseudoroscoffensis (Gayral & 
Fresnel, 1983) and more recently in 
P. carterae (Beech & Wetherbee, 1988). 
Variously designated as "languette cytoplas- 
mique" or "cytoplasmic tongue", we feel the 
term "contractiLe root"  would be more 

appropriate considering its ultrastructural 
properties, illustrated well by Gayral & 
Fresnel (1983), and also its location inside 
the cell. Indeed we are confident this unusual 
root is the cytological structure responsible 
for the contraction movements we have 
observed in the living motile cells of  our 
organism and which were also described in 
P. pseudoroscoffensis. 

DISCUSSION 

The presence of authentic cricoliths on the 
coccolith-bearing cells and the existence of a 
heteromorphic life cycle featuring a benthic 
pseudofilamentous generation are in agree- 
ment with the inclusion of  our organism 
in the genus Pleurochrysis. Although 
Leadbeater (1971) has shown that 
Pleurochrysis Pringsheim (1955) and 
Cricosphaera Braarud (1960) are congeneric, 
a heteromorphic cycle has not been demon- 
strated for all former Cricosphaera species. 
Gayral & Fresnel (1983) suggested that those 
species for which the cricolith-bearing 
generation (Cricosphaera stage) is the only 
one known in culture should be provisionally 
maintained in the genus Cricosphaera. We 
therefore compared our organism with the 
species now ascribed to Pleurochrysis and 
with those still referred to as Cricosphaera. 

Currently Pleurochrysis comprises four 
species: P. scherffelii Pringsheim, P. carterae 
(Braarud & Fagerland) Christensen, 
P. pseudoroscoffensis Gayral & Fresnel and 
P. haptonemofera (Inouye & Chihara) 
Gayral & Fresnel. The same number of 
species remains in the genus Cricosphaera: 
C. elongata Droop, C. roscoffensis 
(Dangeard) Gayral & Fresnel, C. gayraliae 
Beuffe and C. quadrilaminata Okada & 
Mclntyre. P. pseudoroscoffensis and 

FIcs 20-22. Pleurochrysis placofithoides. Scale bar = I p.m. Fig. 20. Section of the Golgi body with characteristic 
dilatations in the central zone and successively towards the distal pole maturing scales, coccolithosomes 
(arrowheads) and maturing coccoliths. The arrow points to a completed coccolith. Fig. 21. Early stage of 
coccolithogenesis showing the ear-shaped coccolith vesicle containing the base-plate scale and small groups of 
coccolithosomes. The coccolith vesicle is connected to a large cisterna filled with coccolithosomes discharged by 
coated vesicles (arrowheads). Fig. 22. Further stage where the outline of the future coccolith is recognizable inside 
the formation vesicle (the CaCO3 has been lost after sectioning). Note coated vesicles (arrowheads) transporting 
coccolithosomes and abundance of coccolithosomes (*) inside the coccolith vesicle. PY, Pyrenoid. 
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P. haptonemofera, both with pearl-like 
pretuberances on their coccoliths (Gayral & 
Fresnel, 1983; Inouye & Chihara, 1979), may 
be easily distinguished from our organism; 
similarly C. roscoffensis (Gayral & Fresnel, 
1976) with coccoliths identical to those of 
P. haptonemofera can be excluded from our 
comparison. The size of the coccoliths of our 
organism, their peculiar shape with their 
narrow opening and their distinctive large 
distal shield also distinguish them from those 
of P. carterae and, consequently, from those 
of P. scherffelii: indeed this last species 
differs from P. carterae only in the morpho- 
logy of the benthic stage (Leadbeater, 1971). 
Although the coccoliths of C. elongata have 
not been described by electron microscopy, 
they are said to resemble those of P. carterae 
in size and general shape (see Droop, 1955; 
Gayral & Fresnel, 1983); furthermore the 
motile cells of C. elongata are elongate and 
the shape and colour of the plastids different 
from those of the organism described here. 
The latter may also be distinguished from 
C. quadrilaminata (Okada & Mclntyre, 
1977): this pelagic coccolithophorid features 
very large coccoliths with a wide opening 
and a solid bottom made of four proximal 
angular plates. The existence of a solid 
bottom in the coccoliths of this species 
makes its inclusion in the genus Cricosphaera 
questionable. 

The most recently described species in this 
genus, C. gayraliae (Beuffe, 1978) shows the 
most similarities to our organism. Both have 
in common smooth cricoliths made up of a 
small number of overlapping elements with a 
convex distal shield. They differ in the 
dimensions of the coccoliths, some of ours 
being twice as large as those of C. gayraliae 
which in addition show no heterogeneity in 
size distribution. Consequently the number 
of coccoliths per cell in our coccolithophorid 
is much lower than in C. gayraliae. The 
width of the distal shield is also considerably 
larger in our organism while the opening of 
the coccolith is narrower. Finally, because of 
their size, the coccoliths of our alga appear 
distinctly more convex and placolith-like 
than those of C. gayraliae. Therefore, 

despite the fact that a heteromorphic life 
cycle is not known in C. gayraliae, there is 
sufficient argument for considering both 
organisms distinct and we propose the name 
P. placolithoides to designate our new species 
(see Diagnosis below). 

The ultrastructural features of 
P. placolithoides are similar to those of other 
cricolith-bearing species which have been 
sectioned for electron microscopy. All have 
in common a large bulging pyrenoid pene- 
trated by paired thylakoids; coccolithogene- 
sis involves distinctive coccolithosomes; the 
haptonema, which is often difficult to detect 
in coccolith-bearing cells, is short and 
bulbous with a base featuring eight micro- 
tubules. The complex flagellar root system 
also appears similar in those species where it 
has been analysed. The contractile root, as 
designated here, had been observed so far 
only in P. pseudoroscoffensis (Gayral & 
Fresnel, 1983) and P. carterae (Beech & 
Wetherbee, 1988). It has also been recently 
detected in C. roscoffensis and Cricosphaera 
sp. (Fresnel, 1989). Each generation in 
P. placolithoides is characterized by a 
distinct type of unmineralized body scale, 
with ornamentations similar to other 
Pleurochrysis species examined: circular 
scales with a distinct rim and identical orna- 
mentations on both sides on the coccolith- 
bearing (diploid) generation, and usually 
more elliptical scales with a proximal pattern 
of radiating ridges and a distal pattern of 
concentric fibres on the benthic (haploid) 
generation. The cricoliths of the diploid 
generation are subtended by a base-plate 
scale whose ornamentation is similar in all 
species of Pleurochrysis and Cricosphaera 
examined. 

In view of the above considerations and 
irrespective of the life cycle, coccolith 
morphology appears to be the primary if not 
the only reliable criterion at the specific rank, 
both in Pleurochrysis and Cricosphaera. This 
calls for some remarks on the species listed 
earlier for each taxon. According to 
Leadbeater (1971), P. scherffelii and 
P. carterae have identical coccoliths but the 
morphology of their benthic stage is 
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different: creeping branched filaments for 
P. carterae and small aggregates of two to 
six cells not organized in recognizable fila- 
ments for P. scherffelii. In our opinion these 
differences alone do not support the distinc- 
tion of two species. It would be advisable to 
re-examine comparatively the coccoliths of 
both organisms. If indeed they are confirmed 
as identical, then we believe they should be 
merged into a single species. The case of 
C. roscoffensis and P. haptonemofera 
(basionym: C. roscoffensis var. haptonemo- 
fera Inouye & Chihara, 1979) is different. 
Their coccoliths are truly identical. Since 
Inouye & Chihara (1979) demonstrated a 
heteromorphic cycle in their Japanese isolate 
of C. roscoffensis, we agree with Gayral & 
Fresnel (1983) that this taxon ought to be 
transferred to the genus Pleurochrysis. The 
only difference between the Japanese variety 
of C. roscoffensis and the type was the exis- 
tence of a visible haptonema in the coccolith- 
bearing cells of the former. This feature 
alone did not justify the erection of the 
species P. haptonemofera. The presence of 
the bulbous haptonema in cricolith-bearing 
cells is often difficult to detect and recently a 
haptonema has been observed in 
C. roscoffensis from Roscoff (Fresnel, 1989). 
We therefore propose the following new 
combination: P. roscoffensis (Dangeard) 
comb. nov. (basionym: Syracosphaera 
roscoffensis Dangeard, 1934); [Synonyms, 
pro parte: C. roscoffensis (Dangeard) Gayral 
& Fresnel, 1976; C. roscoffensis var. hapto- 
nemofera Inouye & Chihara, 1979; 
P. haptonemofera (Inouye & Chihara) 
Gayral & Fresnel, 1983]. In Japan this 
organism completes its life cycle, while in the 
strain isolated from France (Gayral & 
Fresnel, 1976) the cells appear to be blocked 
in the diploid, Cricosphaera stage. This could 
also be the case for other Cricosphaera 
species for which the coccolith-bearing 
generation is the only one known in culture. 
On the other hand, we have different 
Apistonema-like, scale-covered pseudofila- 
mentous strains growing in culture, which we 
assume to be benthic generations of cocco- 
lithophorids, but for which the cricolith- 

bearing stage has never been observed. In 
both these situations, either one of the 
generations is lost or could be produced only 
under certain, unknown, environmental 
conditions. Similar examples are reported for 
various Rhodophyceae or Phaeophyceae 
where the life cycle is completed in restricted 
geographical ranges only. 

Based on electron microscopical observa- 
tions, Fig. 23 is a diagrammatic represen- 
tation of the different types of cricoliths 
known so far in Pleurochrysis and 
Cricosphaera, excluding C. quadrilaminata 
for reasons given above. The recently 
described variety, P. carterae var. dentata 
Johansen & Doucette (Johansen et al., 1988) 
is not illustrated here: its cricoliths, with the 
same number of elements and arrangement 
as in the type, are distinguished by elevated 
distal tooth-like projections. The propor- 
tions of the different cricoliths have been 
respected in our diagram, and those of 
P. placolithoides stand out immediately due 
to their large size and overdeveloped distal 
shield. Figure 23 also shows that, so far, two 
basic types of cricoliths exist: (1) non-convex 
cricoliths with distal and proximal rings of 
approximately the same size, distal ring with 
an elevated rim surrounding the central 
opening, elements of the distal ring non- 
overlapping; (2) cricoliths with a convex 
distal disc larger than the proximal one, no 
elevated rim on the distal disc, elements of 
the distal disc overlapping. The coccoliths of 
P. placolithoides and C. gayraliae belong to 
the second type, while those of all other 
species of Pleurochrysis or Cricosphaera 
belong to the first. Based on the detailed 
morphology of the coccoliths, two groups of 
cricolith-bearing species may now be 
distinguished, but neither of them coincide 
with the actual Pleurochrysis and Crico- 
sphaera groups. This further shows that the 
separation of these two taxa based on their 
life cycle is artificial. However, there would 
be arguments for considering erecting two 
subgenera inside the single valid genus-- 
Pleurochrysis for priority reasons--left to 
accommodate the cricolith-bearing cocco- 
lithophorids. 
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6"  A 

B 

FIG. 23. Diagrammatic representation of different cricolith types as observed in electron microscopy: A, 
Pleurochrysis carterae; P. scherffelii (9.); B, P. pseudoroscoffensis; C, P. roscoffensis; D, C. gayraliae; E, 
P. placolithoides. (The respective relative sizes of the coccoliths have been respected.) 

The cricoliths of the second group we 
defined above, with P. placolithoides and 
C. gayraliae, are reminiscent of placoliths 
because of the overlapping elements of their 
distal disc devoid of  elevated rims, and 
especially their overall convex shape. 
Nevertheless they differ from true placoliths 
in the small number of  constitutive elements 
of the distal disc (11 to 12 as opposed to a 
much higher number in true placoliths) and 

the existence of only two different types of 
interlocking calcified elements. 

Up to now, cricolith-bearing species have 
generally been placed in the family 
Hymenomonadaceae Senn. The type genus 
of this family, Hymenomonas  Stein emend 
Gayral & Fresnel, is characterized by trema- 
liths. Gayral & Fresnel (1979) clearly showed 
that their architecture differs fundamentally 
from those of cricoliths, tremaliths being 
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short, hollow tubes built of  a single cycle of  
elements. We therefore feel the cricolith- 
bearing species should be grouped into a 
new, natural family of  their own and the 
name Pleurochrysidaceae is proposed below. 

Diagnoses 

Pleurochrysis placolithoides Fresnel and 
Billard sp. nov. 

Generatio planctonica: cellulae globosae raro 
ovatae 13 ~tm diametro sine coccosphaera et 
15 p.m cure coccosphaera. Duo inaequalia flagella 
28 ~m et 20 lam longa haptonemaque brevis- 
simum. Cricolithi, statura variabili, 2-4 lam longi- 
tudine, 1"5-3 lam latitudine, aspectu distali, 
0.454).75 ~tm altitudine; clipeum distale 
convexum, 0.5-1-2 lam latitudine, cum 11 vel 12 
calcareis levibus paulum imbricantibus elementis 
compositum; clipeum proximale, parvius, inor- 
natum, margine indentato. Latus interius crico- 
lithi cure fibulis rectangulis. 

Generatio sedentaria: pseudofilamentosa cum 
13-20 x 9-13 p.m magnitudine cellulis. 

Holotypus: figurae nostrae 1, 7, 4. 
Planktonic generation: cells spherical in 

shape, rarely oval, measuring 13 ~tm in 
diameter without the coccosphere and 15 ~tm 
with it. Two anisokont flagella, 28 p.m and 
20 ~tm in length with a very short hapto-  
nema. Cricoliths variable in size, 2-4 ~tm 
long and 1.5-3 lam wide in distal view and 
from 0.45 to 0.75 p.m in height; distal disc 
convex, 0-5-1-2 gm wide, made of  11-12 
smooth calcified elements, slightly overlap- 
ping; proximal disc narrower in outline, 
without ornamentations. Rectangular 
brooches present along the inside wall of  the 
cricolith. 

Benthic generation: pseudofilamentous 
with cells 13-20 p.m x 9-13 ~tm. 

Holotype: Figs 1, 7, 4. 
Type locality: Port Maria,  

Belle-Ile-en-Mer (Morbihan), Atlantic coast 
of  France; supra-littoral cliff. 

Pleurochrysidaceae Fresnel & Billard fam. 
nov. 

Cellulae diploideae cum coccosphaera, universe 
mobilis cum coccolithis monomorphis annulari- 

bus ex typo cricolithi. Cricolithi elliptici sine 
fundo caicareo, ex duobus distinctis elementis 
alternantibus interordinatis incudi similibus 
compositi. Annulus distalis plus minusve amplus 
cure elementis imbricantibus aut non 
imbricantibus. 

Generatio pseudofilamentosa hapioidea, sine 
coccolithis, nonnunquam invenitur. 

Genus typificum: Pleurochrysis Pringsheim, 
1955. 

Coccolith-bearing cells diploid, generally 
motile with monomorphic  ring coccoliths of  
the cricolith type. Cricoliths elliptical with no 
calcified bottom, formed from two distinct, 
alternating, anvil-shaped elements fitted 
together. Distal ring more or less developed 
with overlapping or non-overlapping 
elements. 

Pseudofilamentous haploid generation, 
without coccoliths, present or not. 

Type genus: Pleurochrysis Pringsheim, 
1955. 
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