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Br. phycol. Bull. (1968) 3 (3) 519-523 
October 31, 1968 

A POSSIBLE AID TO SURVIVAL OF THE 

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

AND S I M I L A R  O R G A N I S M S  

By T. B. B. PADDOCK 
Department of Zoology, University College, Swansea 

An examination has been made of clones of Cricosphaera from the Plymouth culture collec- 
tion. These organisms are biflagellate motile coccolithophorids which, in culture, produce 
non-motile filamentous benthic phases similar to forms included in the Chrysotilaceae (e.g. 
Apistonema). 

Cricosphaera carterae (Plymouth No. 17) produces, in liquid culture, motile cells invested 
with several layers of characteristically patterned scales and one layer of coccoliths. The scales 
are of three types, (I) small oval scales, (II) medium-sized round scales and (III) large oval 
scales which are always associated with coccoliths. 

Growth on agar produces Apistonema-like ceils which, although lacking scales of Types I and 
III, have a greatly thickened investment of closely packed Type II scales. Other Apistonema 
type clones, previously believed to be covered in mucilage, are similarly ensheathed by thick 
layers of scales which are thought to aid the benthic phases in withstanding dry conditions. 

I N T R O D U C T I O N  

The planktonic coccolithophorid Cricosphaera carterae (Braarud et Fagerland) 
Braarud (Haptophyceae: Syracosphaeraceae) (Plymouth culture collection No. 
17) has been shown by Parke (1961a, 1961b) to possess benthic phases resembling 
filamentous forms (especially Apistonema sp.) which were found by Anand 
(1937a) in the splash zone of the chalk cliffs near Beachy Head and included by 
him in the Chrysophyceae. Similar forms have been observed by other authors 
(e.g. Waern, 1952; Magne, 1954) and are now recognised as being abundant and 
widespread but often overlooked and hence infrequently reported. Some of  these 
forms were removed from the Chrysophyceae and included by Parke and Dixon 
(1964) as members of the Chrysotilaceae, a division of Christensen's (1962) Hap- 
tophyceae, because of  their ability to produce biflagellate motile entities each 
possessing a haptonema. 

Boney and Burrows (1966) have investigated some benthic phases of  a Crico- 
sphaera sp. (Plymouth No. 156) and have shown that these forms can survive 
many of the harsh conditions found in micro-environments of  the splash zone, 
while still retaining the ability to produce viable motile forms when reimmersed 
in sea-water. These authors also summarise much of the available information 
on the distribution and ecology of  these and related forms. Parke (1961a) has 
suggested that these benthic forms may act as a reservoir for the production of 
the less hardy motile planktonic phases. All these authors share Anand's  (1937b) 
view that survival is aided by the matted growth form and by the possession in 
the benthic phases of  a thick 'mucilaginous sheath'. 

Culture and electron microscope studies have been made on motile and 
benthic stages of  C. carterae (Plymouth No. 17) and on isolates of  Apistonema 
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type cells f r om var ious  sources. The  presen t  pape r  i l lustrates  wha t  is p r o b a b l y  
an  i m p o r t a n t  me thod  o f  p ro tec t ion  f rom dehydra t ion  dur ing  the benthic  phases,  
and  repor ts  pa r t  o f  an invest igat ion into the fine s tructure and  re la t ionship  o f  
some ava i l ab le  clones of  Cricosphaera sp. and  Pleurochrysis sp. 

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

All cultures used in this study (Plymouth Nos. 17, 156, 257, 344 and 349) were obtained 
originally from Plymouth, through the kindness of Dr Mary Parke, and were maintained at 
Swansea in Erdschreiber sea-water at 17-18 ° C and with a 16:8 h light- dark illumination 
cycle, or at ambient temperature (20-23 ° C) near a north-facing window without supplementary 
illumination. Inocula were also plated on to agar (Oxoid No. 3, 3-75 g/1Erdschreiber sea-water) 
and the plates kept in the above conditions. All cultures were uni-algal but not bacteria free. 

Cells were harvested from liquid cultures by centrifugation and from agar by scraping the 
surface with a microscope slide, and were fixed for electron microscopy by the method of Parke 
and Manton (1967), with the longer period (6-12 h) in glutaraldehyde. Sections were cut on a 
Huxley ultramicrotome and after staining in lead citrate (Reynolds, 1963) were examined in 
an Akashi TR50 electron microscope. 

Surface features of ceils fixed in iodine-vapour were examined by preparing whole mounts 
and carbon replicas, both shadowed at 18 ° with gold palladium. Replicas of benthic phases 
were inproved if the cells were first treated in an ultrasonic disintegrator for several minutes and 
then incubated with 0"5 % trypsin (24 h at 34 ° C in pH 7'8 buffer) followed by several thorough 
washes in distilled water,. The scale sheaths survive this treatment intact and there is no appa- 
rent damage to most scales. 

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

Mot i le  cells o f  C. carterae (P lymou th  No.  17) grown in l iquid  cul ture  are  
covered with  three  or  four  layers o f  scales and  one layer  o f  coccol i ths  (Fig.  1). 
The scales are  o f  three sizes, small  and  oval  (Type I), medium-s ized  and  r o u n d  
(Type  II )  and  large and  oval  (Type I I I ) ,  each bear ing  a pa t t e rn  o f  r ad ia l  lines on  
one side and  coi led  lines ( ' scr ibble ' )  on  the  other  (Fig. 4). They  are essential ly 
s imilar  to each o ther  and  to the scales o f  o ther  members  o f  the  H a p tophyc e a e  
(Prymnesium, Crystallolithus and  some species o f  Chrysochromulina). Type  I I  
scales are  mos t  abundan t ,  With Type  I scales less frequent .  Scales o f  Type  I I I  are  
found  only  in associa t ion  with  coccoli ths.  

W h e n  cells are p la ted  on agar,  they m a y  persist  in the mot i le  cond i t ion  in the 
film o f  free wate r  but  eventual ly  they become non-mot i le ,  fo rming  benthic  stages 
s imilar  to those  repor ted  by  Parke  (1961a). The  scale layer  su r round ing  the cells 
becomes much  thicker  (Fig.  2) and  changes in composi t ion .  R is fo rmed  entirely 
o f  Type  I I  scales which preserve thei r  pa t t e rn  unchanged.  Type  I and  Type  I I I  
scales and  coccol i ths  are comple te ly  absent  f rom the scale layer  o f  wel l - formed 
benthic  phases .  

FIG. 1. Section of part of cell of C. carterae from liquid culture. Each coccolith (tailed 
arrow) is mounted on a scale of Type III (arrowhead). Several layers of Type II scales 
surround the cell. P1, plastid. × 24,000. Fio. 2. Section of part of cell of C. carterae grown 
on agar. The layer of loosely packed Type II scales has been increased in thickness. 
Coccoliths and Type III scales are absent. P1, plastid; Py, pyrenoid. × 14,000. FIG. 3. 
Section of part of scale sheath of Plymouth No. 349. The scales are imbricated and lack 
cementation. Arrow shows layers of detritus (?) around the outside of the sheath. 
× 14,000. FIG. 4. Type II scales of Plymouth No. 257, each patterned with radial lines 
on one side and 'scribble' lines on the other. The 'scrihble' lines- are etoser and more 
regularly concentric than in Fig. 5. × 20,000. FIG. 5. Type II scales of C. carterae 

(Plymouth No. 17). × 20,000. 
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In Plymouth No. 257 (first isolated as Apistonema sp.), the dominant phase in 
liquid culture is the benthic form but motile cells are usually produced after 
sub-culturing. These are without coccoliths, though covered in a layer of scales. 
Sections of the benthic phase reveal that the 'mucilage sheath' seen in the light 
microscope is, in fact, a very thick layer of close-packed scales (Fig. 3). The Type 
II scales, which compose the sheath and also cover the 'naked' motile form, are 
similar to the scales of Plymouth No. 17 but have a more closely arranged 
'scribble' pattern (Fig. 5). In Plymouth No. 349, an organism of similar appear- 
ance but producing motile cells only rarely, the scale sheath and scale pattern 
of the benthic stage are exactly like those of Plymouth No. 257. There is, how- 
ever, no information as yet concerning the scale cover of its motile cells. 

DISCUSSION 

The demonstration that some benthic forms are covered in scales further 
justifies the inclusion of the Chrysotilaceae among the Haptophyceae, since the 
production of scales of this type (Figs. 4 and 5) is characteristic of the motile 
stages not only of Cricosphaera but also of the other members of this class 
(Chrysoehromulina, Prymnesium and Crystallolithus) so far examined (Manton 
and Leedale, 1961, 1963a, 1963b). Evidence of scales may perhaps eventually be 
used to unite the motile and benthic forms into one taxonomic group. 

Anand (1937a) described his Apistonema forms, then classified as Chryso- 
phyceae, as being surrounded by a 'mucilaginous envelope', but was not entirely 
satisfied with that description. In a footnote dealing with Apistonema carterae 
he wrote, 'It (the envelope) is evidently of the nature of a carbohydrate.. ,  seems 
to consist of pectic substances, but has the same property of absorbing and 
retaining large quantities of water as typical mucilages'. It seems that he was 
almost certainly looking at a scale layer of the type produced by Plymouth Nos. 
257 and 349 (Fig. 3), a layer probably composed of scales of a similar nature to 
those of Chrysochromulina chiton, shown by Green and Jennings (1967) to be 
a carbohydrate, but not of a pectic nature. Anand did not examine critically the 
envelope of all types of cells he found, however, and other filamentous forms 
may well lack a scale covering. Indeed, some apparently similar forms still under 
investigation at Swansea have proved to be covered with a mucilage. It would be 
interesting to have ultrasections of other Apistonema type cells and of cells of 
other types which were described by Anand and are now included in the Chryso- 
phyceae under the Ruttneraceae and Thallochrysidaceae. 

For each strain of organism so far examined, scale pattern remains constant 
under all conditions of growth, as does the type of scale cover ultimately 
achieved by each phase. Organisms (e.g. Plymouth Nos. 17, 156 and 344) with a 
loose 'scribble' pattern on their scales (Fig. 5) have agar-grown benthic stages 
with more loosely arranged scales (Fig. 2) and in liquid culture exist predomin- 
antly as motile cells. But those organisms (e.g. Plymouth Nos. 257 and 349) 
which have mostly benthic forms in liquid culture have closely packed scales 
(Fig. 3) with a closer 'scribble' pattern (Fig. 4). It seems likely that two types, 
distinguishable by scale pattern, are included within the group of organisms 
which form similar benthic phases and possess scale sheaths rather than mucilage 
envelopes. 
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The pr imary  funct ion o f  the greatly thickened scale sheath would  seem to be 
protect ion against dehydration.  The tightly packed and imbricated arrangement  
of  the scales (Fig. 3) must  allow rapid absorpt ion and capillary t ranspor t  o f  
water th roughou t  the whole mass o f  the scale sheath, whiIe the complete lack o f  
cementing substances between the scales must  enable the sheath to retain some 
elasticity, increasing the free space available for  water retention. This in no  way 
decreases the strength o f  the scale sheath, however, for  several hours '  t reatment  
in an ultrasonic-disintegrator leaves the majori ty of  sheaths entire. The arrange- 
ment  allows expansion and augmenta t ion  o f  the sheath during division and 
subsequent growth. Both would  be more  difficult in a sheath set solid with 
cementing substances. But at all stages the sheath remains remarkably coherent,  
suggesting that  the forces binding the scales together must  be relatively powerful.  
Perhaps those o f  intermolecular at t ract ion are sufficient. 

Under  condit ions of  poor  light, spreading the cells by  product ion  o f  a scale 
sheath would  reduce mutual  shading, but  any advantage so gained w o u l d t e n d  
to be offset by  shading due to the scale layer itself and would  probably  not  
justify the expenditure o f  energy entailed in forming and maintaining such an 
elaborate system. 
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