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Br. phycol. J. 7:21-35 
March 15, 1972 

P R E L I M I N A R Y  OBSERVATIONS O N  
C H R Y S O C H R O M U L I N A  M A C T R A  SP. NOV. 

By I. MANTON 
University of Leeds 

Salient features of interest concerning this new species include its large cell size, charac- 
teristic scales, bulging pyrenoids and aspects of its development and geographical distribution. 
The scales, described in some detail, are individually visible with the light microscope and of 
two types. The outermost scales are tub- or beaker-shaped and the under scales rimless plates. 
In both cases their thin texture, surface patterning and appearance in section permit an inter- 
pretation to be put forward in terms of relatively simple modifications of two-layered rimless 
plates. The relevance of these findings to understanding of some living and fossil forms is 
discussed in a preliminary way. 

Plate-shaped scales, composed of at least two superposed layers of  material 
and with or without rims, are now known to be basic to most though not quite 
all adequately described members of  the Haptophyceae, although sometimes 
they are present in substantially modified form. This capacity to change, without 
wholly losing traces of  a simpler antecedent condition, is of  considerable taxo- 
nomic and phyletic interest since affinities and morphology can thereby be 
worked out to an extent that  otherwise might be impossible. Nothing shows this 
more clearly than recent work on coccolithophorids (a large group of  mainly 
marine organisms) in which, on the one hand, it was possible to show by studies 
of  material in culture (Parke & Adams, 1960) that  a classification formerly 
based on the structure of  the calcified parts (coccoliths) was so unsatisfactory 
that different stages of  life history of  one and the same organism had been 
allocated to different genera in widely different sections. On the other hand, 
comparative study of scales in the uncalcified relatives, mainly members of  the 
genus Chrysochromulina, has provided wholly new insight into coccolith mor- 
phology (Manton & Leedale, 1969; Manton & Peterfi, 1969) in a way which is 
relevant not only to understanding of modern plankton organisms but is at least 
as important in relation to fossils (Black, 1968). 

This is the context in which the facts for C. mactra have been compiled. The 
observations began in 1959 on a culture which died out before the description of 
the organism had been completed. In the absence of  a fresh isolate, the em- 
bedded material, being obsolete technically, was thrown away in 1969. Had  this 
not occurred there is no doubt  that further study of the old material by means of  
new sections and staining would have permitted more to be ascertained f rom it. 
Fortunately, however, the micrographs and some of  the preparations on which 
they had been based were not destroyed and it was therefore possible to return 
to these and piece together some additional information of critical importance. 
In addition, my former colleague, Dr  G. F. Leedale, had kept some photographs 
of living cells taken in 1960 on the original culture and these he has kindly made 
available for the present record. The final supplementation by means of  wild 
material will be further explained below. It  is enough to say here that all the 
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22 I. MANTON 

m o r e  i m p o r t a n t  g a p s  in  t h e  t a x o n o m i c  d e s c r i p t i o n  h a v e  n o w  b e e n  f i l led a n d  t h e  
r e s u l t  is  a n  a c c o u n t  o f  a n  e x t r e m e l y  i n t e r e s t i n g  m e m b e r  o f  t h e  E u r o p e a n  n a n o -  
p l a n k t o n  w h i c h  is n o  l o n g e r  b a s e d  o n  a s ing le  c l o n e  b u t  i n c l u d e s  o b s e r v a t i o n s  o n  
w i ld  as  wel l  as  c u l t i v a t e d  s p e c i m e n s .  

C H R Y S O C H R O M U L I N A  M A C T R A  sp. n o v .  

DIAGNOSIS 
Cellulae 15-20/zm longae et latae. Flagella 2, aequalia, 2ff40 t im longa. Haptonema 30--40 

/xm longum extensum, retractum in spiram convolutis 12 circinatum. Chloroplasti 2, fulvi, a 
tergo bifidi; in utroque pyrenoides magnum projectum prope basim fissurae insertum. Squamae 
magnae tenuissimae nullis cingulis limitatae, biformes: exteriores cupulatae, interiores patelli- 
formes. Squamae patelliformes plerumque 2 x 1.6/zm magnae, carinis ornatae ex area centrali 
plano rectangulo ad marginem radiantibus, zona subtiliter striata carinas radiantes juxta 
marginem patellae induente. Squamae cupulatae lateribus rectis, usque ad 1-5/zm altis, vix 
divergentibus, striis anulatis, basibus planis 1 x 1"3 p.m latis, carinis radiantibus ornatis. 

Planta die 9 Aug. anni 1959 e mari prope Plymouth Angliae lecta, sub numero 222 in Ply- 
mouth culta, viva prole figuris typificis supra appositis monstrata;  ad Bergen Norvegiae et ad 
Hirtshals Daniae aestate iterum semel visa. 

Chrysochromulina mactra sp. nov. (maktra Gr  = a tub) 
Cells 15-20/zm in length and breadth. Two equal flagella, 20--40 t im long. Haptonema 30-40 

/~m long when fully extended, coiled into a helix of about 12 gyres when retracted. Two gulden- 
brown plastids, bifid posteriorly; each with a large bulging pyrenoid attached near the base of 
the cleft. Scales large, rimless, very thin and of two kinds: the outermost tub-shaped, the 
innermost platelike. Plate scales usually 2 x 1.6/zm though with a few much smaller ones, all 
with a pattern of ridges radiating from a quadrangular plain centre visible on both surfaces, the 
ridges extending to the edge on the proximal surface but covered with a thin finely striated band 
peripherally on the distal surface. Tub-shaped scales with straight sides, up to 1.5 p.m high, 
slightly diverging, transversely striated, and a flat base 1 x 1-3 t im wide, marked by a pattern 
of radiating ridges. 

Collected August 9, 1959 from the sea near Plymouth, England, No. 222 in the Plymouth 
collection, the type figures are those of descendants of this isolate reproduced here; subse- 
quently found once at Bergen, Norway, and Hirtshals, Denmark,  in summer. 

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

The clone on which the first observations were made, No. 222 in the Plymouth collection 
was isolated by Dr  M. Parke from a seawater sample taken at 70 m depth at E1 ( =  50 ° 02' N 
04 ° 22' W) on 9 August 1959. It was passed to Leeds in October 1959 but proved difficult to 
maintain and fragile to handle and the culture died out in a few months. The organism has not  
been seen again at Plymouth. 

The first observations on wild material, represented here by Fig. 15, were made by Dr  
B. S. C. Leadbeater of the Department of Botany, University of Birmingham, on plankton from 
Herdlafjord, near Bergen, Norway, which in August 1970 was processed directly, in readiness 
for shadowcasting and subsequent examination in Birmingham; for further details see Lead- 
beater (1972). A similar project to work directly with centrifuged plankton, collected off the 
Danish coast by Dr  Leadbeater and myself in July 1971, provided the embedded material re- 
presented by Figs. 20-24. The locality which yielded C. mactra was at Hirtshals on the west 
coast of Jutland near its northern tip. The sample was taken at 10 m depth about 1 mile sea- 
wards from the harbour  mouth, in whitish-green water sharply delimited from both the brown 
contaminated water in the harbour  and the blue water of the open sea. Before being processed 
further, the sample was filtered in the marine laboratory at Frederikshavn to remove the larger 
organisms and then centrifuged to concentrate the nanoplankton;  thereafter the treatment of 
the centrifugate was the same as that  for a culture. 

The other techniques have been standard at  various dates. Photography of living cells was 
done with a Reichert Zetopan microscope fitted with Anoptral  contrast optics. For  electron 
microscopy, the methods involved in shadowcast dried preparations were substantially the 
same in 1959 and subsequently. Treatment of material for sectioning has however changed. 

Fixation for embedding current in 1960 and used for the culture involved 2% osmium 
tetroxide made up in acetate veronal buffer and applied for 1 h on ice, followed by rapid de- 
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hydration and embedding in n-butyl methacrylate by standard procedures. In 1971 the osmic 
fixative, again 2 ~ ,  was made up in 0" 1 molar cacodylate buffer at pH 7 and applied for ½ h on 
ice. Dehydration was again rapid but embedding was into Epon by standard procedures. 

Sections of the methacrylate blocks were cut with a glass knife on a hand operated Porter 
Blum microtome. They were mounted on carbon films and initially examined unstained though 
staining was subsequently successfully applied to a small part  of one such section which by 
chance had escaped irradiation with the electron beam. This staining involved 5 min in Rey- 
nolds'  lead citrate. Epon sections were cut with a Ge-Fe-Ri diamond knife on an LKB micro- 
tome. They were again mounted on carbon films and double stained with saturated aqueous 
uranyl acetate (20 min) followed by Reynolds'  lead citrate (10 min). 

Early observations (1960) were carried out on a Siemens Elmiskop I in the Botany Depart-  
ment at Leeds University. The later follow-up (1969), on the old preparations, was done 
on an A.E.I. EM6B microscope in the same department. Study of the wild material involved 
an A.E.I. EM6 microscope in the Botany Department  of Birmingham University (for Fig. 15) 
and two EM6B microscopes, in the Zoology Department at Leeds and the Cell Biology Unit at 
Nottingham University. The identity of these various instruments is specified in the legends 
since this is relevant to the problem of standardising measurements. 

OBSERVATIONS 

EXTERNALS OF THE CELL AS A WHOLE 
When first isolated (M. Parke, personal communication) the cell size of this 

species was 15-20/~m and its shape 'rather like that of a squat strawberry'. The 
flagella were twice the body length and the external scales were described as 
'resembling ice cream tubs'. 

The haptonema was best studied in whole mounts since it tended to become 
discarded under the conditions of light microscopy. When fully extended it was 
more or less equal to the flagella in length or slightly longer (Figs. 1, 2). When 
retracted, it was commonly coiled into a helix of about 12 gyres, best seen in a 
detached specimen such as that of Fig. 4. 

MICROANATOMY OF THE CULTURED MATERIAL 
Inside the cell, the two large bifid plastids, each with a conspicuous bulging 

pyrenoid attached at the base of the cleft, could be clearly recorded with the 
light microscope if slight pressure was applied to a living cell (Fig. 5). When seen 
in sections (Figs. 7, 8) the pyrenoid is more or less cylindrical with a wide base 
as in C. kappa Parke et Manton and C. minor Parke et Manton (Parke, Manton 
& Clarke, 1955; Manton & Leedale, 1961b) as opposed to spherical with a con- 
stricted neck-like base as in C. chiton Parke et Manton (Parke, Manton & Clarke, 
1958; Manton, 1966). As in these three species, the dense material of  the pyrenoid 
itself is penetrated by a limited number of paired thylakoids continuing some of 
those in adjacent parts of the plastid (see especially Fig. 8). 

Other cell components include the centrally placed nucleus, a large Golgi 
body, peripherally located mitochondria, a number of dense muciferous bodies 
distributed over the cell surface (Fig. 6) and one or more layers of large almost 
empty vesicles between the plasmalemma and the plastid surface which can 
easily rupture during fixation (Fig. 6). 

Some of these superficial vesicles contain single sheets of striated material of 
an unusual kind which have not as yet been seen in other species of  the genus but 
which are present in sections both from the culture (Fig. 9) and the wild material 
(Fig. 10). When seen in face view (Fig. 9), a tangential section exposes an elegant 
linear pattern of striations, crossing from two directions inclined at somewhat 
less than a right angle to each other, the points of  intersection appearing as 
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FIGS. 1-4. Chrysochromulina mactra, direct preparations viewed with the electron micro- 
scope. Figs. 1, 2. Whole cells with their appendages. Micrographs S 722.6, D 2279 
(Siemens). x 3000. Fig. 3. Tip of the haptonema of Fig. 2. Micrograph Z 2278 (EM6B). 
x 6000. Fig. 4. A detached haptonema showing traces of 12 gyres. Micrograph Z 2273 

(EM6B). x 10,000. 

slightly thickened dots. When cut perpendicularly these dots appear as a single 
layer spaced at approximately 60 nm apart (Fig. 10). A lateral extension of 4 ffm 
has been measured. This is at least twice the width of  the largest plate scale 
though it is not necessarily a maximum. The nature of  this material is unknown. 

THE SCALES 
The most distinctive and, in the present context, important attributes of this 

species are the scales. These are of two kinds, namely, flat apparently rimless 
plates and deep cup- or tub-shaped scales. Both sorts are large enough to be seen 
individually with the light microscope although the plate scales are only detect- 
able in this way in edge view being completely transparent otherwise. 
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FIGS. 5-10. C. mactra, living cells and sections. Fig. 5. A living cell under gentle cover- 
slip pressure showing the nucleus, two bifid plastids each with a refringent central 
pyrenoid, and other minor inclusions. Anoptral  contrast, x 2000 (courtesy Dr G. F. 
Leedale). Fig. 6. A stained section showing the disposition of the usual organelles 
(nucleus, Golgi cisternae and mitochondria) in the centre bounded by the two plastids; 
several small dense muciferous bodies are attached to the plasmalemma which is prob- 
ably slightly dilated with exaggeration of the underlying space or spaces. Micrograph 
Z 2253 (EM6B). × c. 4000. Fig. 7. An unstained section showing the bulging pyrenoids 
in relation to the subtending plastids. Micrograph H 8801 (Siemens). × c. 6000. Fig. 8. 
Part of a bulging pyrenoid more highly magnified, from an unstained section. Micro- 
graph H 8807 (Siemens). x 10,000. Fig. 9. Striated pattern (arrow) on a sheet of un- 
known material present in a superficial vesicle at bottom centre in Fig. 7; methacrylate 
section, unstained, cultured material. Micrograph H 8801 (Siemens). x 30,000. Fig. 10. 
Part of a sheet of the unknown striated material cut perpendicularly in a superficial 
vesicle of the cell of Figs. 23-4, Epon section, stained, wild material (for further informa- 
tion see text). Micrograph Yz 2425 (EM6B, zoology), x 30,000. 
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In spite of their large size the scales of both types are exceptionally thin in 
texture. This means that in dried preparations well spread plates scales, com- 
monly present in large numbers, are clearly displayed after shadowing though 
they would otherwise be almost invisible, being little more opaque than the 
supporting film. Tub scales on the other hand are invariably collapsed and 
though their surface markings can be studied in this way their true shape can 
be seen directly only in sections. Since they readily become separated from the 
subtending cells, which appear naked when sectioned, such detached scales, 
often still associated together in sheets, are the main source of  morphological 
information whether studied with the light microscope on fresh liquid mounts 
or with an electron microscope on shadowcast dried preparations or after 
embedding. Examples of all these modes of viewing will be found in Figs. 
11-20. 

The tub scales when seen in section (Fig. 16) are flat bottomed and straight 
sided. The junction of the sides with the base is marked by a slight keel-like 
thickening and the sides themselves diverge slightly. When viewed end-on a tub 
appears approximately circular or slightly oval in optical section (Fig. 19); the 
base plates (Figs. 14, 15, 17) are similar unless their shape is masked by folds or 
tearing. The patterning of the base plate is that usual on the proximal face of  
scales in this genus, being built up of radiating ridges arranged in quadrants 
from a cruciform plain centre. The patterning on the sides is more difficult to see 
but when favourably placed with respect to the angle of shadowing it appears as 
a system of delicate more or less parallel lines running transversely relative to 
the long axis of the tub (Fig. 14, bottom left); the inner face of the sides is 
patternless. Dimensions are somewhat variable but an average size in the cul- 
tured material was 1 × 1.3 tzm at the base and slightly more distally, the average 
height being 1.5 /zm. In the wild material (Fig. 15) dimensions are similar 
though the height is perhaps slightly less (for further details see Fig. 20). 

The plate scales are less individually distinctive than the tub scales since there 
are fairly close parallels in other species, notably C.pringsheimii Parke et Manton 
(Parke & Manton, 1962), C. brevifilum Parke et Manton (Parke, Manton & 
Clarke, 1955; Manton unpub.), etc. However, the dimensions of  plate scales in 
C. mactra are unusually large, an average size (Figs. 11, 12) being 1.6 × 2/~m 
though there is a considerable range of smaller sizes present concurrently (Fig. 
14). The patterning recalls that on the bases of tubs, being composed of radiating 
ridges arranged in quadrants round a cruciform plain centre visible on both 
faces (Figs. 11, 12). The two surfaces are nevertheless easily distinguished (see 
Fig. 13) by the fact that the ridges extend without interruption to the plate edge 
on one face, known from other evidence to be the proximal face, while the peri- 
pheral ends of the ridges on the distal face are overlaid by a band of differently 
striated material. The striations of  this peripheral band (Fig. 12) are approxi- 
mately parallel to the plate edge and recall those on the sides of tubs (Fig. 14). 

Sections of plate scales add one further piece of information which could not 
have been ascertained otherwise. In Figs. 12 and 13 the peripheral band of con- 
centrically striated material on the distal scale-face is pressed so closely against 
the underlying radially striated material after the scale has dried that it could 
not be known by simple inspection whether or not these two layers are bonded 
together. When seen in section, however (Fig. 18), there is no doubt that they 
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Fi~s. 11, 12. C. mactra, plate scales from a shadowcast whole mount. Fig. 11. Two 
complete scales lying with the outwardly directed (distal) surface upwards showing the 
faint peripheral band with concentric lines. Micrograph H 7174 (Siemens), reversed 
print, x 30,000. Fig. 12. Two complete scales lying with the lower (proximal) surface 
upwards showing the pattern of radiating ridges reaching to the plate edge. Micro- 
graph H 7175 (Siemens), reversed print, x 30,000. 
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FIGS. 13, 14. C. mactra, tub and plate scales from shadowcast whole mounts. Fig. 13. 
A plate scale lying on its distal face but with one edge upturned permitting both faces 
of one and the same scale to be seen concurrently. Micrograph H 7172 (Siemens). 
× 30,000. Fig. 14. Field of plate scales showing two extremes of size together with 

collapsed tub scales, some showing the radiating ridges on their bases and others the 
delicate striations across their sides. For further description see text. Micrograph 
Z 2264 (EM6B), reversed print, x 30,000. 
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Fins. 15-19. C. mactra scales. Fig. 15. A detached tub scale from wild Norwegian plank- 
ton (August 1970) for comparison with the culture (Figs. 14, 16), x 30,000 (courtesy 
Dr  B. S. C. Leadbeater). Figs. 16-18. From an old methacrylate preparation of the cul- 
ture stained later (see text). Fig. 16. Longitudinal section through a tub scale and part 
of a plate scale. Micrograph Z 2281 (EM6B). x 30,000. Fig. 17. End view of a tub base 
from the field of Fig. 16. x 30,000. Fig. 18. Field of plate scales from the same prepara- 
tion as Figs. 16, 17. Micrograph Z 2279 (EM6B). x c. 20,000. Fig. 19. Detached 
scales from a squashed cell recorded in a liquid mount  by Anoptral  contrast light 
microscopy, mainly tub scales in end view with occasional side views (arrows). x 2000 
(courtesy Dr  G. F. Leedale). 
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FIGS. 20--22. C. mactra, haptonema from a wild cell in plankton off Denmark (July 
1971), osmic fixation, Epon embedding, double stained with uranyl acetate and lead 
citrate. Fig. 20. A field containing part of a coiled haptonema beside tub and plate 
scales of  C. mactra together with amorphous debris of various kinds. Micrograph Yn 
2361 (EM6B, Nottingham). × 20,000. Figs. 21, 22. More highly magnified individual 
sections of different parts of the haptonema from other sections of the same field as that 
of Fig. 20, showing microtubules and endoplasmic reticulum (e). Micrographs Yn 
2363 and Yn 2366 (EM6B, Nottingham). × 100,000. 

are completely free from one another except at the edge where they join. Some 
further comment on this feature will be found below. 

INTERPRETATION OF SCALE MORPHOLOGY 
It is not difficult to pat forward an interpretation of these findings in terms 

concordant with those already worked out to some extent with respect to other 
species, notably C. ericina Parke et Manton (Parke, Manton & Clarke, 1956; 
Manton & Leedale, 1961a) and C. pringsheimii (Parke & Manton, 1962). Both 
scale types of C. mactra can be thought of as rimless plates composed of two 
layers of differently patterned material which have lost contact with each other 
except at the edge where the two layers join. In both cases the distal layer has 
become modified, leaving the proximal layer undisturbed. The main modification 
in the plate scales involves elimination of the centre of the distal layer, leaving 
only a narrow peripheral band to represent the rest of it. In the tub scales the 
centre of the distal layer has also been eliminated bat hypertrophy of the rest of 
this layer has produced the sides of the tub. Such an interpretation explains both 
the thin texture and the distribution of patterning already noted. Further com- 
ment on scale morphology will be given below. 
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MICROANATOMY OF THE WILD MATERIAL 

A tub scale from wild Norwegian plankton has already been introduced in 
Fig. 15 but more significant information, provided by sections of a single cell 
found in a sample of embedded wild plankton processed in Denmark, has filled 
the more important gaps in the previous description based on the culture. The 
microanatomy of the haptonema could not be effectively studied without stain- 
ing and there had been no suitable specimen in the re-examined sections men- 
tioned above, although several haptonemata had been recorded in a manner 
sufficient to demonstrate the distribution of endoplasmic reticulum within the 
organelle though not the number of microtubules. The specimen illustrated in 
Figs. 20-22 can now establish the facts for both these features, at least as they 
remain after osmic fixation. The haptonema itself is helically coiled, and perhaps 
detached from the subtending cell which was nevertheless present at a slightly 
deeper level in the block. Scales of C. maetra surround the haptonema on three 
sides, all having apparently been held together by contact with some, probably 
extraneous, sticky material. A total of seven consecutive sections through this 
field were available, each authenticated by scales, and collectively presenting a 
considerable number of individual profiles through different parts of the coiled 
organelle, two of which are illustrated at a higher magnification in Figs. 21 and 
22. 

It is usual, with a haptonema of this relative length (cf. Manton, 1967; 1968; 
etc.), to find a complete ring-shaped cisterna of endoplasmic reticulum sur- 
rounding the group of more centrally placed microtubules in a majority of sec- 
tions. In this case, however, no example of an uninterrupted ring-shaped 
cisterna was found, the cavity in a majority of sections being represented by two 
widely separated small profiles located on opposite sides of the group of micro- 
tubules. The latter tend to be distributed less regularly than usual, often in rows 
rather than in a ring (Fig. 22). To what extent fixation artifacts may have con- 
tributed to these appearances by breaking up a formerly continuous cisterna 
into vesicles cannot be known until comparison with the effects of other fixatives, 
notably glutaraldehyde, can be made. For the present purpose, however, this 
uncertainty is immaterial since the agreement between the wild and cultured 
material is sufficiently close in these rather unusual features to provide strong 
confirmatory evidence of the taxonomic identity of the haptonema sectioned. 
The number of microtubules is not in doubt. As may be seen in Figs. 21, 22 and 
many other sections, it is seven as in the great majority of other known members 
of this genus, though not quite all. 

The subtending cell, encountered by careful further cutting of the block after 
the specimen of Figs. 20-22 had been detected, is illustrated in Figs. 23 and 24. 
Seven sections were again obtained, parts of two being illustrated. They are 
chosen to show the large size of the Golgi stack which is actively engaged in 
scale production, the position of a tub scale being indicated by a large arrow. 
In addition, a detail from the surface of this specimen has already been intro- 
duced as Fig. 10 to illustrate an unusual type of cell inclusion found in a similar 
position in cells of the culture (Fig. 9). 

Three nascent plate scales are also present in the cell of Figs. 23 and 24, 
located slightly nearer to the Golgi centre than the tub scale and each occupying 
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a separate cisterna. These plates are almost certainly immature since they are 
still closely invested by the subtending cisternal membranes which are known in 
other cases to pull away from the scale when development is complete. Perhaps 
for this reason close scrutiny of  the scale edges in all three nascent plates fails to 
reveal the strip of peripheral material on the future distal side, although scales 
outside the same cell (Fig. 20) show this with exceptional clarity. It seems vir- 
tually certain therefore that this structural component must develop later than 
the rest of  the plate scale and perhaps owe its reduced size in part to this fact. 

DISCUSSION 

Although the significance of  these various findings can only be discussed in a 
preliminary way, as yet, it is already possible to indicate some of  the reasons 
for the potential importance of  this species. Thus the introduction of  develop- 
mental information as outlined in the previous paragraph, at once suggests a 
new approach to certain types of Chrysochromulina scales for which information 
on a comparative basis can now be seen to be necessary. Thus the interpretation 
introduced here for the plate scales of  C. mactra would be strengthened by sec- 
tions of appropriate stages in cognate other species, notably C. pringsheimii and 
C. brevifilum (which is not at present documented at all with respect to its plate 
scales since only spines were recognised by Parke, Manton & Clarke, 1955). On 
the other hand, the morphological comparison between tub scales and the 
tapered spines of a species such as C. ericina (Parke, Manton & Clarke, 1956; 
Manton & Leedale, 1961a) pinpoints the need for further information on the 
latter which is not at present available. When the long scales of C. ericina were 
thought of merely as spines (Parke, Manton & Clarke, 1956) the distal tips were 
described as 'abruptly truncate'. When the spines were shown to be hollow by 
means of sections (Manton & Leedale, 1961a) attention was directed mainly to 
their bases, since these gave direct evidence of derivation from a two-layered 
plate which carried patterning that we can now see to have been virtually 
identical with those on the bases and sides of  the tabs in C. mactra. This degree 
of resemblance would, however, at once become more meaningful if it were 
known whether the distal tip of  the 'spine' in C. ericina were open or dosed. It 
is by no means impossible that an appearance of 'abrupt truncation' might result 
from a narrow but open end, in which case the tubs of  C. mactra would be even 
more obviously homologous with the spines of C. ericina than is evident at 
present. 

Homology between plates, tubs and spines can thus almost certainly be further 
verified by new evidence which ought to be obtainable now that the need for it 
is felt. The problems posed by parallel shapes in calcified and uncalcified species 
are less easily resolved since detached mature coccoliths are as a rule the only 
available evidence with respect to the calcified condition. Nevertheless, certain 
types of coccolith, notably those of living species of  Coccolithus and Hymeno- 
monas, have been shown to agree both structurally and developmentally with 
uncalcified scales of  equivalent shape in Chrysochromulina (Manton & Leedale, 
1969; Manton & Peterfi, 1969). Somewhat more elaborate morphological details 
have been shown to be structurally similar in a new species of  Chrysochromulina 
(Leadbeater, 1972) and the coccoliths of Acanthoica and Rhabdosphaera spp., 
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while numerous ,  often still more elaborate,  parallels have been drawn by Black 
(1968) between a number  of  fossil coccoliths and  the scales of other k n o w n  
species of  Chrysochromulina.  We can now perhaps usefully note that  the tub-  
shaped scales of  C. mactra  should perhaps be added to this growing list of  sug- 
gestive parallels since Crepidolithus crassus (Noel, 1965) from the Lower Jurassic 
has tub-shaped coccoliths. 

Tha t  C. mac tra  is rare in European  coastal waters seems certain. On  the other 
hand  it can scarcely be other than  a normal ,  i f  infrequent  member  of  the nano-  
p lankton ,  at  least in  summer,  since otherwise its detection could hardly occur in 
r a n d o m  samples from Norway  and  D e n m a r k  as explained above. Fur ther ,  the 
great depth at  which it was first encountered (70 m) in  the English Channe l  in 
1959 (see p. 22) indicates that  it must  be tenacious of  life in darkness and likely 
to be able to travel considerable distances. Its relative abundance  in  the open 
ocean is, however, u n k n o w n  and  this is therefore another  topic on which further  
in format ion  would be of great interest.  
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