
1 0 . Functional parallels between 
calcified and uncalcified periplasts 

IRENE MANTON 

Abstract 

Illustrations are provided of selected morphological sequences among 
mineralized and unmineralized periplasts which are then subjected to brief 
functional analysis. All share a primary function of protecting the plasmalemma 
directly from external shocks. Many include additional layers adding secondary 
protective functions such as the apparent use of 'trapped water' in minimizing 
chemical or osmotic shocks. Tertiary functions, unconnected with the 
plasmalemma, are less common but more conspicuous, since they involve 
mechanical effects on cell behaviour, notably those favourable to photosynthesis. 
Supporting observations, from the literature on living material, are included 
when available. 

Introduction 

My title is perhaps a misnomer since periplast function, whether parallel 
or otherwise and excluding physiological and atomic details, can scarcely. 
be studied directly on unicellular flagellates but has mainly been inferred, 
tentatively, from observed differences of structure. We can safely discard 
the rather childish idea that a periplast exists to protect a cell from being 
eaten by predators, but functional inferences of other kinds require a 
substantial background of morphological facts. For this reason several 
pages of illustrations are included. References to the literature will be 
mainly confined to the legends and the more familiar coccoliths (e.g. 
those of Emiliania, Hymenomonas, Coccolithus, etc.) and scales (e.g. those 
of Chrysochromulina chiton Parke & Manton) will be omitted in favour of 
those of a few less well known taxa of diverse origin, mainly though not 
entirely members of the Prymnesiophyceae. Micrographs of a selected 
few will be arranged in a functional, as opposed to the more familiar 
taxonomic, context. It is hoped that this procedure will draw attention 
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to aspects of structure or behaviour that may not previously have been 
thought significant, thereby perhaps opening up new and potentially 
fruitful lines of future research. 

Primary periplast function versus the plasmalemma 

The outermost component ofliving cytoplasm is the plasmalemma and 
through this everything entering or leaving a cell must pass, be it water, 
gases, solutes, ingested or egested food particles, digestive enzymes or 
other secretions, and sometimes unwanted passengers such as parasites, 
including viruses. This layer must therefore possess enough ordered 
complexity at the substructural level to permit many different sorts of 
activity to coexist. Though essential to cell life, it may also perhaps be 
fragile, possessing indeed at least some of the attributes of a liquid. 
Protection of the plasmalemma against environmental stresses of many 
kinds (mechanical, chemical, osmotic, etc.) must therefore be a primary 
function of periplasts in general. 

Some of the simpler ways in which this primary function is achieved 
are illustrated in Figs. 10 .1-10. 3. These include (Fig. 10 .1 (a), (b)) the 
large, beautifully imbricated silica plates of a colourless amoeba-relative, 
Pinaciophora. Unmineralized and thinner plates are similarly arranged 
in the chlorophycean flagellate Monomastix (Fig. 10.2(a),(b)) but 
Sphaleromantis (Chrysophyceae) in Fig. 10.3 is very different. Though 
the periplast is again unmineralized (Harris 1963) and single-layered, 
its unique 'flower-pot' shaped components cover all surfaces including 
those of the two flagella, one emergent and the other concealed (as in 
Monomastix), but they are not at all scale-like. 

Two-layered periplasts (plate-scales only) 

In contrast, associations of two sorts of plate-scale in different ways within 
single periplasts are represented in Figs. 10.4-10.6. Thus Fig. 10.4(a),(b) 
illustrates two views of a species of Chrysochromulina (unmineralized) in 
which the body is covered by large elliptical plates spaced apart without 
imbrication but with many much smaller plates under their edges and 
occupying the interstices between them. Figure 10.5, on the other hand, 
illustrates another species from the same genus in which a continuous 
layer of small scales covers the whole surface of the cytoplasm though 
these are 'protected' externally by a second layer oflarge circular plates 
which are not in contact with the cytoplasm at all. Perhaps for this reason 
these outer scales seem loosely attached to the cell and are easily dislodged 
during processing. Finally, Fig. 10.6 illustrates an unnamed periplast 
fragment in which an inner layer of very thin but beautifully imbricated 
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Figs. 10 .1-10.3. Single-layer periplasts. Fig. 10.1. Pinaciophorafluviatilis Greeff formerly 
Potamodiscus kalbei Gerloff (see Thomsen 1978) after Gaarder et al. (1976). (a) One silicified 
scale. x c. 8000. (b) Complete cell showing imbricated scale arrangement. x c. 4000. 
Fig. 10.2. Monomastix Scherffel (Chlorophyceae) from Manton (1967). (a) Unmineralized 
scales in a whole mount, micrograph C5035. x 30 000. (b) Section showing two flagellar 
bases and with imbricated scales on the cell surface (B2694). x 40 000. Fig. 10.3. Sphalero 
mantis tetragona Skuja, from Manton and Harris (1966). Section showing part of an 
emergent flagellum and with unmineralized 'flowerpots' on all surfaces (C9607) x 40 000. 



160 I. Manton 

Figs. 10.4-10.6. Double-layer periplasts with various arrangements of unmineralized 
plate-scales. (details opposite) 
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elliptical plates is overlaid externally by an unknown number of slightly 
larger spined scales. Both here and in Fig. 10.5, a secondary function 
is suggested for the outer scales, namely protecting the protectors, thereby 
perhaps permitting both to be made thinner. 

Yet another variant, this time an extreme one, is represented 
diagrammatically in Fig. 10. 7 (Navisolenia). Apart from the unusual 
cell shape, about which more below, the periplast is again two-layered 
though the underlayer is sparse, being virtually limited to single files 
of narrow elongated scales located beneath the edges of the large 
rhombic scales of the outer layer. Except for these edges, the primary 
protective function of the periplast as a whole is carried entirely 
by the outer scales. This particular organism is unmineralized but 
closely similar calcified equivalents have a long fossil history (Black 
1968) and they cannot therefore be dismissed as unimportant or recent 
aberrations. 

1,, 

Some other compound periplasts 

All the micro graphs in Figs. 10. 8-10 .15 concern compound periplasts 
in which an underlayer ( continuous or discontinuous) of unmineralized 
plates is overlaid externally by a layer of cups, beakers, tubes, or 
equivalents, some calcified and others not. All of these periplasts, 
while doubtless carrying out their primary protective function seem 
to have, added to this, other correlated functions of a slightly different 
sort. 
The simplest examyles to consider are the series of tiny cups assembled 

in Figs. 10.8-10.)1. These are wholly unmineralized and the thin 
underlayer plates can be clearly seen in a tangential section such as that 
of Fig. 10 .11 (b), in an arrangement approximating to that of hexagonal 
close-packing. In radial section on the other hand, a well fixed specimen 
such as that in Fig. 10.1 l(a) shows an external fibrillar deposit (perhaps 
based on fixed mucilage) spread across the open ends of all the cups. 
Such a compound periplast must therefore be interpreted as a single 
functional unit possibly involved in increasing the depth of the defences 

Figs. 10. 4-10. 6 (opposite). Fig. 10. 4. Chrysochromulina mantoniae Leadbeater, from Manton 
(1982). (a) Cell from the Galapagos Islands, light microscopy, exposure 239.5. x 1000. 
(b) Part of a periplast from South Africa showing scale arrangement on body surface 
(Y6034). x 10 000. Fig. 10.5. Chrysochromulina discophora Manton. Cell in a whole mount 
from Galapagos Islands, with protoplast covered by a continuous layer of small scales 
(not separately visible) and with an outer layer of loosely attached large orbicular plate 
scales; a residual terminal spine at each end of the cell and internal chloroplasts also 
visible (Y7972.10). x c.3000, from Manton (1983). Fig. 10.6. Unnamed periplast 
fragment from South Africa showing very thin, imbricated, underlayer scales, beneath 
some residual outer-layer spined scales (Y5020.36). X 20 000 from Manton (1982). 
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Fig. 10. 7. Navisolenia aprilei (Lecal) Leadbeater and Morton (1973). Drawing of a whole 
cell with the two flagella, together with details of the unmineralized rhombic scales and 
with the position of narrow underlayer scales visible beneath the conjoined edges of 

the large plates (see also Manton and Oates 1985). 

Figs. 10.8-10.12 ( opposite). Fig. 10.8. Chrysochromulina strobilus Parke & Manton (Parke 
et al. 1959) from British material. (a) Stained section and (b) a whole mount, (D8520 
and Ll 107), from Leadbeater and Manton (1969a). Fig. 10.9. C. campanulifera Manton 
& Leadbeater (1974). Section Y4076 from Danish type-material. Fig. 10.10. Unnamed 
species from Denmark (Y4035). Fig. 10.11. C. camella Leadbeater & Manton (1969b). 
Two sections from British type culture: (a) radial; and (b) tangential at the level of the 
underlayer plates (D9436 and D9442). Fig. 10.12. Aragonitic coccoliths of Polycrater 
galapagensis Manton & Oates (1980) from the Galapagos Islands (Y7975.12A). x 30 000. 
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Figs. 10.8-10.12. Compound periplasts with cups and plate-scales. (Figs. 10.8-10.11, 
unmineralized; Fig. 10.12 mineralized. All x 30 000.) 
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Figs. 10.13-10.15. Unmineralized tubs, beakers and tubes underlain by plate-scales. 
Fig. 10.13. Chrysochromulina mactra Manton. Radial and polar views (Z2282) of a tub-scale, 
x 20 000, with inset section of a plate scale (Z2259), x 30 000, from Manton (1972a). 
Fig. 10.14. C. cyathophora Thomsen (1979) x 20 000 from Manton et al. (1981). (a) Both 
scale types in a whole mount from Alaska (Y7820.39, reversed print). (b) Section (Y836) 
of both scale types from the original Danish source. Fig. 10.15. C. megacylindra Leadbeater, 
section from Denmark (Y3399) x 30 000, from Manton (1972b) (see also Manton et al. 1981 ). 
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against approach of the external medium. 'Trapped water' held within 
the concavities of the cups might mitigate osmotic or chemical shocks 
to the plasmalemma itself. Such mitigation may indeed be an important 
secondary function by which the activity and not merely the integrity 
of the plasmalemma may be controlled. 
One somewhat anomalous set of cups is illustrated in Fig. 10 .12. These 

are calcified (with aragonite) though crystallites cannot be detected 
visually. They belong to a biflagellate cell, the only one of its kind so 
far known, and the presence or absence of an underlayer is as yet 
undetermined. In spite of such chemical and morphological differences, 
the cups of Polycrater may nevertheless act in a similar manner to those 
elsewhere on this page. 
The flat-bottomed tubs, beakers, and cylinders illustrated in Figs. 

10.13-10.15 may also behave in a similar manner and the sequence can 
be extended to calcified equivalents such as those in Figs. 10.16-10.18. 
The greater mechanical strength conferred by mineralization perhaps 
explains the presence of closed cups in great variety among coccolitho 
phorids (e.g. Fig. 10. 16) all underlain by unmineralized scales and 
sometimes also overlaid by an external membrane. Conversely there 
are no unmineralized closed cups, or equivalents to the enormous cooling 
tower shapes carried externally by an arctic coccolithophorid such as 
Turrisphaera (Figs. 10 .17-10 .18) ( or Trigonaspis Thomsen), yet all may 
in fact be concerned with the same secondary function as devices for 
'trapped water'. 

Spiny periplasts 

Spines abound in an array of sizes in the outer surfaces of many members 
of the Prymnesiophyceae. I can nevertheless only introduce one, and 
that an extremely peculiar example, illustrated diagrammatically in 
Fig. 10.19. As portrayed by its discoverer (Tangen 1972), this 
coccolithophorid is covered all over with columnar excrescences, each 
terminating distally in a quadripartite flange spread at right angles to 
the stalk. Proximally, this is attached by means of four struts ( as in many 
spines) to the calcified rim of an otherwise unmineralized base plate, 
carrying surface patterning not noticed when the organism was first 
described and therefore not drawn. The collective result is the provision 
of a secondary outer surface surrounding the true cell surface, at a 
distance approximating to the length of the columnar excrescences. An 
external reservoir of considerable volume is thereby created and, if this 
is not correctly identified as yet another special device for retaining 
'trapped water', an alternative function for such a unique structure is 
hard to suggest. 
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Figs. 10.16-10.18. Calcified water retainers. Fig. 10.16. Calyptrosphaera sphaeroidea Schiller, 
x c. 40 000. Section showing roofed 'cupscale' with an unmineralized base plate above 
underlayer scales, and with part of an enveloping membrane in another micrograph 
below, from Klaveness (1973) reduced and reverse-printed. Fig. 10.17. Unidentified 
specimen resembling Turrisphaera Manton, or Trigonaspis Thomsen (1980), but apparently 
unmineralized, from Hudson Bay (Y7763. 7) x c. 10 000. Fig. 10.18. Turrisphaera borealis 
Manton. Detached 'cooling tower' coccoliths (basal ends at right) with a small group 
of unmineralized underlayer scales (arrow) (Y4006.32), x 20 000 (from Manton et al. 

1976). 
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Fig. 10.19. Papposphaera lepida Tangen (1972) from the type description. Diagram ofa single 
external coccolith (omitting unmineralized details of the base-plate), beside a general recon 
struction of the whole cell, to show coccolith arrangement (see also Manton and Oates 1975). 

The periplast and cell shape 
One other aspect of periplast function is too important to omit though only 
briefreference can in fact be made here. While a more or less spherical shape 
is the norm among vast numbers of calcified and uncalcified members of 
the Prymnesiophyceae, some extreme examples of other shapes, in both 
groups, seem necessarily to be not only convergent but adaptive. 
The latter is well illustrated by Michaelsarsia (Fig. 10.20) versus 

Calciopappus (Fig. 10. 21 (a), (b)). These two coccolithophorids possess 
superficially similar terminal spines at their flagellar poles though these 
spines are so different structurally as to rule out close phyletic affinity. 
Each spine, in Fig. 10.21(a), is a single strongly modified coccolith, 
whereas those in Fig. 10.20 are chains of very differently modified 
coccoliths (for further information see Manton and Oates 1982; Manton 
et al. 1983). The adaptive basis for convergence on this scale is not at 
once obvious but could it perhaps relate to some commensal link with 
the buoyancy of filamentous diatoms which abound in the same habitats 
(as in Fig. 10.20) and share the same need for flotation and access to light? 
This is speculation though the next examples are less so. The unusual 

shape of Navisolenia was already illustrated in Fig. 10. 7 because of its 
rhombic, unmineralized scales. Its cigar shape was arranged vertically on 
the page for strictly practical reasons but this almost certainly falsifies its 
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Figs. 10.20-10.24. Examples of modified cell shapes (Galapagos Islands, except Fig. 
10. 2 4. ( details opposite) 
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true meaning. A cigar cannot remain permanently balanced on its point 
and when floating or swimming in shallow water (its known habitat), 
the action of gravity alone will tend to impose a more horizontal posture. 
This is even more the case with a calcified equivalent such as Calciosolenia 
(Fig. 10.22) in which the cigar shape is exaggerated by the presence of 
long spines at each end. These organisms, together with Anoplosolenia 
(Fig. 10.23), a near relative with a crescentic overall shape, are found 
under lagoon conditions in warm, sometimes, turbid, water (Leadbeater 
and Morton 1973; Kling 1975, etc.). Since all can photosynthesize by 
means oflateral plastids, a mechanical aid to the maintenance of a posture 
transverse to the direction of incident light might be an important 
adaptation towards optimal photosynthesis. 
In other examples, the mere presence oflong terminal spines at both 

ends of a cell can potentially convert a spherical protoplast into a strongly 
anisodiametric overall shape, as already illustrated in Figs. 10.4(a) and 
10.5 though again with an artificial attitude inserted for pictorial 
convenience. We could add a coccolithophorid, Acanthoica, as a further 
example and, in all, the adaptive significance seems to be the mechanical 
maintenance of a horizontal position during rotational swimming or when 
stationary, thereby ensuring optimal exposure of plastids to incident light. 
. One
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(Hallegraeff 1983) and elsewhere in the southern hemisphere. The scale- 
case ( unmineralized) is elliptical with long terminal spines at each end and 
the first description of it, based on British material in unialgal culture, 
contains important observations by Dr Mary Parke on its behaviour in 
life. One unique attribute of special importance in the present context 
is the complete inability of this organism to respond phototactically to 
light. It is therefore unable to orientate itself directionally by swimming 

Figs. 10.20-10.24 (opposite). Fig. 10.20. Michaelsarsia (Hallopappus) adriaticus (Schiller) 
emend. Shuttlecock-shaped cell with compound anterior 'spines' in a field of diatom 
appendages (light microscopy, dry lens exposure 129.3). x 1000 (see Manton et al. 1983). 
Fig. 10.21. Calciopappus caudatus Gaarder & Ramsfjell. (a) Cell with 'simple' anterior 
spines (light microscopy, phase contrast, exposure 195.26 A), x 1000. (b) Base of spine 
(=a single modified coccolith), micrograph Y7921.22, x 10 000 (from Manton and Oates 
1985). Fig. 10.22. Calciosolenia aff murrayi Gran. Cigar-shaped cell with two anterior 
spines and a flagellum (posterior spines absent); air retained under many coccoliths 
(white) after immersion in oil but three detached coccoliths separately visible nearby. 
Exposure 196.3, light microscopy, oil immersion lens, x 2000 (from Manton and Oates 
1985). Fig. 10.23. Anoplosolenia brasiliensis (Lohm.) Defl. Part of a crescentic cell showing 
contents and covering of rhombic coccoliths, micrograph Y7969 .10. x 3000 from Manton 
and Oates (1985). Fig. 10.24. Chrysochromulinapringsheimii Parke and Manton (1962). 
Empty scale-case (unmineralized) from the type culture (British), showing long terminal 
spines at each end and with one detached spine lying across the cylindrical case centrally, 

(micrograph M528.1, reversed print). x c. 3000. 
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but only by the automatic mechanism vested in its periplast. Other aspects 
of behaviour are also significantly linked with survival but space prevents 
further discussion. It is enough to note here that the periplast in all these 
last examples is doubtless performing its primary function but is also 
adapted for a tertiary function, namely mechanical control of cell 
behaviour as an aid to photosynthesis, and this has nothing to do with 
protection as such. 

Conclusions 

These interpretations of structure in terms of function, mainly by means 
of logical reasoning, can clarify the natural history of many different 
organisms by simplifying an otherwise bewildering assemblage of 
superficially varied shapes into a few distinct and potentially verifiable 
functional categories. Further study of living cells, experimentally and 
in their natural environment, is now desirable, guided perhaps by some 
of the new lines of approach formulated here. 

Addendum 

Information from X-ray microanalysis has recently (1985) been supplied 
by K. Oates of Lancaster, confirming the absence of mineralization from 
the periplasts of three of the organisms discussed in this communication 
namely: Sphaleromantis (Fig. 10.3) on one of the existing (1966) sections, 
Chrysochromulina camella (Figs. 10.1 l(a),(b)) on a whole mount from South 
Africa and C. pringsheimii (Fig. 10.24) on a more recent whole mount 
from the Galapagos Islands. 
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