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R E L E A S E  A N D  S E T T L E M E N T  OF S W A R M E R S  
I N  P L E U R O C H R Y S I S  S C H E R F F E L H  

P R I N G S H E I M  

By PAMELA J. MERRICK and B. S. C. LEADBEATER 

Department of Plant Biology, University of Birmingham, P.O. Box 363, Edgbaston, 
Birmingham B15 2TT 

Release of swarmers from sessile, colony cells of Pleurochrysis scherffelii Pringsheim, 
grown in culture, has been observed. Young swarmers have been photographed during the 
process of emergence, and their subsequent development, including the growth of flagella, 
has been studied. 

Settlement of swarmers and the resulting production of new colonies of sessile cells have 
been followed, and the sequence of events photographed. The effect of certain stress conditions 
upon colony cells has also been considered. 

Pleurochrysis scherffelii Pringsheim was first isolated, described and named by 
Pringsheim (1955) as a new member of  the Chrysophyceae. When Christensen 
(1962) established the Haptophyceae [now known as Prymnesiophyceae 
(Hibberd, 1976)] as a class separate and distinct from the Chrysophyceae, 
P. scherffelii was reclassified in this group. Problems concerning the exact 
nomenclature and taxonomic position of P. scherffelii have been discussed in 
detail by Leadbeater (1971). Studies of life histories of  Prymnesiophyceae in 
culture, in particular those of  Parke (1961), Parke & Adams 0960) and von 
Stosch (1967) were of  fundamental importance in identifying the components 
of certain prymnesiophycean life cycles and linking monads which had previously 
been classified as different species. 

This investigation forms part  of  a study ofP .  scherffelii which was undertaken 
in order to elucidate various aspects of  the life cycle with particular reference to 
factors affecting phase changes and the development of  the different cell forms. 

Preliminary studies of  P. seherffelii by Boney (1967) and Leadbeater (1971) 
indicated areas where further investigation was required and showed this species 
to be a particularly amenable organism in culture conditions. It  has three clearly 
defined phases - - 'naked '  swarmers, coccolithophorids, and sessile (benthic) 
'colony'  cells, all of  which are readily produced in liquid culture. The colony 
cells adhere firmly to the inner surface of the culture vessel so that it is possible 
to pour away the liquid medium without disturbing them. An opaque green film 
or ' lawn' of  colony cells can then be seen on all surfaces previously submerged 
in the medium. On addition of fresh medium to a ' lawn'  of  colony cells, swarmers 
are liberated (Boney, 1967). 

The emergence of swarmers from colony cells, whilst presumed by previous 
authors, has not so far been observed and documented. Similarly, the settlement 
of mature swarmers and the subsequent development of  aggregates of  colony 
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cells h a s  n o t  p r e v i o u s l y  b e e n  r e c o r d e d .  I n  t h i s  s t u d y  d e t a i l e d  o b s e r v a t i o n s  h a v e  
b e e n  m a d e  o f  b o t h  t he  r e l ease  a n d  s e t t l e m e n t  p roces se s ,  t h u s  s u b s t a n t i a t i n g  t w o  
c r i t i ca l  e v e n t s  in  t he  life cycle  o f  P. scherffelii .  

T h e s e  s tud ie s  p r o v i d e d  t h e  bas i s  f o r  q u a n t i t a t i v e  a n a l y s e s  o f  seve ra l  p h y s i o -  
l og i ca l  f a c t o r s  a f f ec t i ng  t h e  r e l ease  p roces s ,  t h e  r e su l t s  o f  w h i c h  a r e  to  b e  
p r e s e n t e d  in  a s u b s e q u e n t  p a p e r .  I t  is h o p e d  t h a t  i n f o r m a t i o n  g a i n e d  in  t h e  s t u d y  
o f  P.  scherf fel i i  m a y  be  a p p l i c a b l e  to  o t h e r  p r y m n e s i o p h y c e a n  o r g a n i s m s  w i t h  
b i p h a s i c  o r  m u l t i p h a s i c  life h i s to r i e s .  

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

The cultures used in these investigations were grown from a sample of P. seherffelii CCAP 
944/1 (derived from Pringsheim's original isolate) supplied by the Culture Centre of Algae 
and Protozoa, Cambridge. 

Cultures were maintained in sterile enriched Erdschreiber sea water, 30 cm a of culture in 
100 cm a wide-necked conical flasks plugged with muslin and cotton wool bungs. These were 
kept in a controlled environment room at 15°C with overhead lighting at 43,000 lx on a cycle 
of 16 h light followed by 8 h dark. 

Living cells were examined and photographed using three different microscopes: 

(i) Leitz Orthoplan with bright field and phase contrast; 
(ii) Reichert Zetopan with phase and anoptral contrast; 

(iii) Reichert Biovert inverted microscope with phase contrast. 

RELEASE 

In order to study the release of swarmers from colony cells following the addition of fresh 
medium, cells were prepared for observation as follows. 

A standard, glass staining-trough (internal dimensions 78 × 57 × 32 ram) with a glass lid 
was used and sufficient 22× 50 mm Chance No. 1 coverslips to occupy each of the slide slots 
were placed inside. A thin rectangle of muslin-covered foam material was inserted between 
the box rim and its lid to provide an air-filtering seal, and the whole box, secured with an 
elastic band, was wrapped in aluminium foil and autoclaved. As the largest available coverslips 
were smaller than standard slides, a small perspex holder was constructed to fit into one end 
of the box to hold each of the coverslips lengthwise at right-angles to the base of the box 
and separate from each other. This holder was sterilized with 70 ~o alcohol and placed inside 
the box immediately before the culture of P. scherffelii was poured in, to a level just below 
the upper edge of the eoverslips. A dense suspension of swarmers in Erdschreiber sea water 
was used and left in the staining-trough to allow settlement of motile cells and development 
of colony cells for 2-4 weeks. The stale medium and any loose cells were then poured away 
and fresh Erdschreiber sea water added slowly to the previous meniscus mark. Coverslips 

FIGS 1-16. Bright-field light micrographs of living cells and illustrations of release of 
swarmers, × 1200. Fig 1. Small swarmer with short flagella soon after release. Fig. 2. 
Pair of swarmers, one with distinct flagella and haptonema. Large colony cell showing 
size difference. Fig. 3. Large coccolithophorid with anisokont flagella, small haptonema 
and coccolith covering. Fig. 4. Colony cell showing empty scale case from which 
swarmers have been released. Fig. 5. Pair of swarmers soon after release, one with very 
short flagella. Fig. 6. Large swarmer showing anisokont flagella and a short bulbous 
haptonema. Fig. 7. Coccolithophorid with flagella, short bulbous haptonema, coccolith 
covering and detached coccoliths along flagellum. Fig. 8. Tetrad with two empty scale 
cases. Fig. 9. Swarmer with intermediate length flagella. Fig. 10. Group of colony cells 
bulging in a manner characteristic of those about to release swarmers. Fig. 11. Scale case 
(arrows) containing one of a pair of swarmers. Other one in process of emerging. Fig. 12. 
Two tetrads each with one empty compartment from which swarmers have been released. 
Fig. 13. Pair of swarmers, one (oval) still inside scale case, other one (spherical) just 
emerged. Fig. 14. Same pair of cells as in Fig. 13. Cell inside case has moved and 
changed shape slightly. Fig. 15. Scale case (arrows) from which a pair of swarmers 
(on right) have emerged. One swarmer shows short flagella and haptonema. Fig. 16. 
Pair of swarmers, both with intermediate length flagella near colony cells from which 
they originated. 
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FI~S 1-16. See opposite for captions. 
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were then removed at intervals for observation with the light microscope. One side of the 
coverslip was cleaned of cells and dried thoroughly with a paper tissue and the coverslip 
was then placed, wet side downwards, on a clean slide. Colony cells on that side of the coverslip 
were then clearly visible. 

The purpose of this somewhat complex procedure was to obtain colony cells releasing 
swarmers without dislodging them from the glass surface to which they were attached. The 
process described above entailed a certain amount of disturbance and, once under the 
microscope, the life of the cells was, of course, limited. Heating by the microscope lamp and 
drying out of the waterfilm precluded viewing for more than 30-40 min. However, release 
of swarmers from colony cells was observed by this method and photographs of various 
stages were taken. 

SETTLEMENT 

Observation of the settlement of cells was carried out using the Reichert Biovert. Small 
observation chambers were made by affixing (with a watertight Araldite seal) a 10 mm length 
of 0.5 in bore perspex tubing to a large (22 x 50 mm) coverslip. Approximately 1 cm a of a 
culture of motile cells 28-h-old was then placed inside the chamber and the top covered with 
a small coverslip to exclude dust and reduce evaporation. The centre of the large coverslip 
thus formed the base of the chamber and it was through this glass that observations of cells 
at the bottom of the chamber were made. 

OBSERVATIONS 

RELEASE OF SWARMERS FROM COLONY CELLS 

Between 12 and 20 h after the addition of fresh Erdschreiber sea water to a 
'lawn' of colony cells, release of swarmers began. Figure 2 demonstrates two 
swarmer cells with a colony cell, illustrating the difference in size between the 
two types. Figure 6 shows a large, mature, swarmer and Figs 3 and 7 illustrate 
coccolithophorid cells which were found in small numbers in cultures while 
swarmers were being released. The escape of swarmers from colony ceils was 
observed and photographed. 

Figure 10 shows a group of colony cells about to release swarmers. The scale 
case surrounding the group became distorted and the pair of  swarmers ready to 
be liberated could sometimes be seen moving against each other inside. 

Figure 11 illustrates the first of  a pair of swarmers squeezing out through the 
scale case (arrowed) and the second swarmer remaining in the centre of the case 
to be released shortly afterwards. Figures 13 and 14 show another pair of 
swarmers, one of which is spherical and is already free of the scale case. The 
other cell, which remained inside the case, moved and changed its shape until 
released. 

Once free of the scale case, the swarmers were not immediately motile. Two 
very short, slightly unequal flagella and a haptonema were usually visible on 
each small, spherical cell (diameter 4-5 pm) (Figs 1 and 5). Often only one 
chloroplast was distinguishable in each swarmer at this stage, although growth 
occurred rapidly and most motile cells, once they were a few hours old, had two 
or occasionally more chloroplasts. Pairs of newly-released cells tended to 
remain close to the group of colony cells from which they had been released, 
while the short flagella were elongating (Figs 15 and 16). The cells " rocked"  
slightly as a result of the continual flicking motion of the two flagella which beat 
simultaneously several times and then rested outstretched, usually at an angle of 
about  30 °, for a period before beating again. Growth of the flagella occurred 
fairly rapidly, a small increase in the length of the short flagella being just 
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detectable  within 30 min. F igure  9 shows a swarmer  with flagella o f  in te rmedia te  
length and  two ch lorop las t s  in a spherical  cell body.  In  Figs  15 and  16 the 
swarmers  (which have the abi l i ty  to change shape while swimming)  have become 
pyr i fo rm (Fig.  16) or  ob long  (Fig. 15). Once the flagella had  reached  a length o f  
abou t  twice the d iameter  o f  the cell, the young  swarmers  swam away  f rom the 
colony cells and  con t inued  to  g row and  swim act ively unti l  se t t lement  occurred.  

Empty  scale cases f rom which swarmers  had  emerged are  shown in Figs  4, 8, 
12 and  15. Some g radua l  con t rac t ion  o f  the cases a p p e a r e d  to t ake  place after  
the cells h a d  left, bu t  spaces were clearly visible in the t ime pe r iod  dur ing  which 
release occurred.  A l t h o u g h  by  no means  all of  the  colony cells const i tu t ing  a 

FIGS 17-25. Light micrographs of different types of colony cells and illustrations of 
settlement. Fig. 17. Three swarmers with flagella and haptonemata prior to settlement. 
Phase-contrast, x630. Fig. 18. Some swarmers and settled cells, one beginning to 
divide. Phase-contrast, x 630. Fig. 19. Layer of settled cells beginning to divide. 
Phase-contrast, x 630. Fig. 20. Settled cells beginning to divide. Phase contrast, x 630. 
Fig. 21. Settled cells showing development of colonial habit. Loose coccoliths and 
debris between cells. Phase-contrast, x 630. Fig. 22. Colony cells showing typical 
aggregates formed after settlement. Phase-contrast, x 480. Fig. 23. Normal colony 
cell from below waterline zone of same culture as Fig. 24 for comparison with waterline 
cells. Bright-field, x 1200. Fig. 24. Layer of colony cells from waterline zone. Bright- 
field, x 1200. Fig. 25. Old colony showing cells of various sizes. Anoptral-contrast, x 630. 
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' lawn' on the inside of  a culture flask divided to produce swarmers on addition 
of fresh medium, the volume of cell material liberated from the 'lawn' into the 
liquid medium was usually suffÉcient to make the 'lawn' appear much paler in 
colour and become very unstable between 20 h and 48 h after addit ion--the time 
when cells were moving away. Normally it was not possible to dislodge more 
than a few cells from a stable 'lawn' on the inner surface of  a flask by swirling 
the liquid medium even if the swirling action was very vigorous. However, during 
the period of  instability at the time of release the 'lawn' was much more easily 
stripped from the flask walls by any movement of the liquid inside. Presumably 
the disruption caused by movement of  cells and the production of empty scale 
cases is sufficient to account, at least in part, for the instability. The 'lawn' 
became stabilized when swarmers began to settle out of the liquid and become 
colony cells again. 

SETTLEMENT OF SWARMERS 

After 48 h many of the swarmers had reached a size comparable with small 
colony cells, i.e. 8-10/~m in diameter (Fig. 6), and the process of settlement 
began. At 54 h after addition of fresh medium, settled cells could be detected 
as pale green areas on the bottom of glass culture flasks. 

Initially motile cells swam to and from the bottom of the observation 
chambers apparently at random without remaining for longer than a few 
seconds. However, 4-5 h later many motile cells appeared to "rest" at the bottom 
of the chambers with flagella either in the outstretched "resting" position (Fig. 
17) or beating slowly and. intermittently. Gradually the number of  cells at rest 
increased; cells began to lose their flagella and started to elongate prior to 
division (Fig. 18). Twenty hours after the culture was placed in the chamber the 
density of cells on the bottom had risen considerably and very few cells were 
found retaining their flagella. Most cells were undergoing or had already 
completed their first cell division (Figs 19-21). The quantity of debris on the 
floor of the chamber also increased at this time and Fig. 21 shows loose cocco- 
liths and coccolith fragments to be particularly plentiful. Further cell divisions 
continued steadily over the next two days and the scale cases surrounding the 
colony cells became markedly thicker. Figure 22 shows (at a lower magnification 
than Figs 17-2 I) the types of colony which were formed. After a period of several 
weeks, colony cells generally had the appearance shown in Figs 25-29 and 31 
which illustrate most of the types of aggregates commonly found in cultures. 

When coverslips from the cultures in the staining-trough were examined, it 
was found that cells which had settled at the air/liquid interface were markedly 
different in appearance from those which were completely submerged either on 
the vertical coverslip surface or on the bottom of the trough. Figure 24 shows 
these "waterline" colony cells with, for comparison, a normal colony cell of the 
same age printed at the same magnification (insert, Fig. 23). Aged waterline cells 
showed a reduction in cell size and contents, a marked reduction in chloroplast 
size, with paling of their colour and also a fall in the number of cell vesicles. 
Figure 23 shows a cell containing clear, large chloroplasts with prominent 
pyrenoids and a large central storage vesicle. The chloroplasts appeared dense 
and bright yellow-green in colour. In contrast, the waterline cells appeared to 
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FIGs 26-31. Light micrographs of settled ceils. Fig. 26. Loose aggregate of more or less 
spherical cells. Bright-field, × 1200. Fig. 27. Compact filament of cells. Bright-field, 
x 1200. Fig. 28. Short filament of four large cells. Bright-field, x 1200. Fig. 29. 
Filamentous colony with some elongated cells. Anoptral-contrast, x630. Fig. 30. 
Viable cells in medium dried to crystallization point. Salt crystals around cell. 
Bright-field, x 1200. Fig. 31. Coccoid cells in regular tetrads. Bright-field, x 1200. 

have shrunken, bleached contents - -a  pale pastel green in colour with chloro- 
plasts not easily distinguishable. Their most striking feature was the large 
number of  bright, orange-coloured droplets present in the cytoplasm. When the 
medium was evaporated gradually to crystallization point, viable colony cells 
could still be demonstrated (Fig. 30) although their protoplasts were somewhat 
shrunken and their scale cases were usually very thick. 

DISCUSSION 

The observations described here are in agreement with those of  Boney (1967) 
on "aged benthic phases" of  P. scherffelii, and extend some aspects of  his studies. 
Boney reported that transference of aged benthic (colony) cells to fresh or 
enriched medium resulted in the onset of cell division and release of  motile 
cells within 12-24 h; this corresponds with the fact that swarmers are normally 
formed and released in pairs. It  seems that cell division, most probably a 
mitotic division, is a prerequisite for release of swarmers. 

Boney's (1967) observation that certain of the "daughter  cells" released did 
not immediately develop flagella accords with the fact that the flagella of  newly 
released swarmers are very short indeed and often difficult to see, although their 
growth is generally rapid under the conditions used in these experiments. 
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Timed observations as reported here may, of  course, have little relevance or 
validity when applied to cells released, growing or settling in their natural 
environment. The microscope inevitably illuminates cells strongly, overheats the 
medium and promotes evaporation; all these factors must affect the cells, 
probably adversely, to some extent. 

Swelling and distortion of the scale cases of  colony cells had previously been 
observed immediately prior to release (Boney, 1967; Leadbeater, 1971). The 
disturbance which ensues when swarmers leave the colony cell scale cases is 
concomitant with a period when the 'lawn' is easily detached from the glass 
culture vessel. Straightforward disruption may be sufficient to account for this 
instability, however, the means whereby colony Cells attach themselves to 
surfaces is not known. If some biochemical adhesive substance is involved, it 
seems not impossible that the increased metabolic activity which follows addition 
of  fresh medium or the fresh medium itself might result in a reduction of  the 
adhesive properties of any such substance. Nevertheless, the movement of cells 
and production of gaps by empty, shrinking scale cases, alone, may be respon- 
sible for the instability of the 'lawn'. 

The speed at which scale cases thickened on settled cells reported here may 
not apply to cells in natural conditions or even in a conical flask. It was probably 
attributable, at least in part, to the unfavourable artificial environment of  a 
small perspex observation chamber. After 1 week such cultures were no longer 
useful, although the cells were still alive. 

Boney (1967) reported the remarkable capacities of P. scherffelii for survival 
in adverse conditions. These are now shown to include highly concentrated 
media. The scale case seems to have an important part to play in protecting cells 
because thickening invariably occurs under stress conditions. Paddock (1968) 
reported similar "packed scale walls" in Apistonema. However, many other 
physiological differences are often detectable in stressed cells such as those at the 
waterline, and the observations here correspond exactly with those of Boney 
(1967). 

The processes of release and settlement in P. scherffelii can be effected relatively 
rapidly under culture conditions. It seems likely that both processes also occur 
quickly in natural conditions, since the colony cells are found high in the Chryso- 
phyceae belt (Anand, 1937a,b) and the periods of  immersion in sea water may be 
very brief, particularly during neap tides. One immersion is probably sufficient to 
trigger cell division in those colony cells which are ready for production of 
swarmers and the subsequent immersion approximately 11-12 h later may be 
the tide which carries away the swarmers as they are liberated. However, this 
temporal extrapolation from culture conditions must remain speculative until 
validated by ecological studies in the field. 

The work reported here, together with data presented in a later communica- 
tion, contributes to an understanding of  events in a multiphasic prymnesiophy- 
cean life cycle. However, one of the most intractable problems which remains is 
an unequivocal demonstration of whether or not meiosis and syngamy, as 
reported by yon Stosch (1967) in Apistonema, occur within the life cycle. Further 
investigations involving chromosome analysis and culture of isolated cells will 
be needed in order to elucidate these critical aspects of the life cycle. 
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