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PHENOTYPES AND DISSOLUTION MORPHOlfYPES OF 
THE GENUS GEPHYROCAPSA KAMPTNER AND 

EMILIANIA HUXLEYI (LOHMANN) 

D. A. BURNS 

New Zealand Oceanographic Institllte, DSIR, Wellington 

ABSTRACT 

Coccospheres of Emiliania hllxleyi, Gephyrocapsa oceanica, and Gephyrocapsa carib
beanica have been recognised in 174 plankton samples. Scanning electron microscope 
analysis of representatives of these species shows considerable morphological differences 
between specimens of the same species. These differences are described and illustrated. 
Two factors are responsible for these morphological differences. Emiliania hllxleyi has 
a range of phenotypes becoming progressively more calcified from tropical to sub
antarctic water. Gephyrocapsa oceanica, Gephyrocapsa caribbeanica, and Emiliana 
hllxleyi have a range of altered forms (morphotypes) caused by different degrees of 
dissolution. 

INTRODUCTION 

Considerable work has been carried out in recent years describing the 
morphological features of well preserved specimens of most nannofossil 
species. However, the greater proportion of this work has dealt with indi
vidual coccoliths from ocean bottom sediments. Relatively little work has to 
date been published dealing with the morphology of the individual coccoliths 
forming coccospheres from which the sedimented coccoliths fall. The aim of 
this paper is therefore to describe the range of structures and variation in 
morphology found within the living planktonic representatives of three 
commonly identified sedimented coccoliths, Emiliania huxleyi, Gephyrocapsa 
oceanica, and Gephyrocapsa caribbeanica from the South-west Pacific around 
New Zealand. This paper represents a small part of a regional survey of 
plankton in this area. 

TECHNIQUES AND SAMPLES 

The entire study for this work was carried out on the stereoscan electron 
microscope. One hundred and seventy-four samples collected from 15 0 S to 
48 0 S have been analysed. Before samples were included in the survey, they 
were monitored for signs of bottom reworking or addition of sediment from 
land. Any samples suspected to have material resuspended from the bottom 
sediment were discarded. 

Received 19 February 1976. 
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IDENTIFICATION OF COCCOLITHS 

Emiliania huxleyi (Lohmann) Hay & Mohler 

This species was first identified by Lohmann (1902) from the light 
microscope. A detailed morphology of the species, however, was described 
by Hay et al. (1967) and Boudreaux & Hay (1969) from the transmission 
electron microscope. The salient features of the species are the T-shaped 
elements in both shields. Since that time such forms of E. huxleyi have been 
adequately figured from the electron microscope. Following this, little work 
has been carried out on the structure of the species. 

The suggestion that this species may display different forms in different 
water masses was first suggested by McIntyre & Be (1967) who illustrated a 
warm-water and a cold-water type. More recently, Okada & Honjo (1973) 
figured a subarctic water and a cold water variety for this species and also 
noted some differences in morphology due to nutrient deficiencies causing 
malformation of the coccoliths (Okada & Honjo 1975). This malformation, 
however, displayed itself as a distortion of the arrangement of the elements, 
giving the individual coccoliths angular and twisted shapes rather than 
erosion of the elements in regularly formed coccoliths. 

More recently again, Roth & Berger (1975) working on samples of 
separated coccoliths from "near tops of cores" recognised two "ecophenotypic 
variants" of this species; a waml-water form with T -shaped elements in both 
shields and a cold-water form with fused elements in both shields. 

A study of planktonic coccospheres of this species clearly shows that there 
is a complete range of morphologies in the coccoliths of this species, rather 
than only two phenotypic variants. Specimens from tropical and warm sub
tropical water areas (Fig. 1) correspond in morphology to the classical 
form with the T-shaped elements figured by Boudreaux & Hay (1969). Such 
specimens have both distal and proximal shields formed of long narrow T
shaped elements which are fused at their outermost ends (Fig. 1). The collar 
of elements around the central area of each coccolith is narrow and a central 
grille is present. 

There is a gradual increase in the total calcification of the species in the 
more southerly, colder waters. The range of structures for this species is 
shown in Figs 2-8. The additional calcite progressively thickens the long 
axis of the T-shaped elements (Fig. 2) so that the spaces between the 
elements are gradually narrowed (Figs 2-8). At the same time the calcifica
tion of the collar around the central area becomes extended outwards towards 

FIGS 1-15-( Opposite) 
1-Emiliania huxleyi, tropical water phenotype, X 1850. 
2-8-Emiliania huxleyi phenotypes. 2, 3-X 5000; 4-X 5250; 5, 6-X 3500; 

7-X5250; 8-X5000. 
9-15-Stages in the alteration of Emiliania huxleyi by dissolution. See text for 

explanation. 9-X3250; 10-X5000; ll-X5500; 12-X8400; 13-X5250; 
14-X6500; 15-X6500. 
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the outer margin of the coccolith (Figs 1-4, 7). In the most southerly and 
heavily calcified cold-wa:ter form, the calcite elements become so thickened 
that there is virtually no separation at all between the individual elements 
(Fig. 8), and there is some extension of the collar around the central area 
to cover the central grille (Fig. 7). In most of the differently calcified forms 
(Figs 1-3, 5) the central grille structure remains unaltered with no additional 
calcification. Only in the most heavily calcified form (Fig. 7) does the central 
grille show any extra calcification when the ribbed appearance common to 
the central grille becomes obscured. 

It is clear from the range of morphologies shown in Figs 1-8 that these 
variations in the species are an example of phenotypic variation as suggested 
by Roth & Berger (1975) and not simply an example of the process of 
calcite overgrowth. The latitudinal position of each specimen shown in 
Figs 1-8 is shown in Table 1. From this it is clear that the calcification of 

TABLE 1---Distribution of figured Emiliania huxleyi phenotypes. 
------ -------- -.. ----~~--

Fig. Statio~ Latitude Longitude Water type 
No. S E 

------ ---- ----

I N1l3 35° 00' 169° 05' Subtropical 
2 N452 45° 56' 166° 39' Cool Subtropical 
3 N433 41" 46' 171° 25' Cool Subtropical 
4 N473 45° OS' 171° 14' Subantarctic 
5 N474 45° 12' 171° 22' Subantarctic 
6 N474 45° 12' 171° 22' Subantarctic 
7 N473 45° OS' 171° 14' Subantarctic 
8 N474 45° 12' 171° 22' Subantarctic 

------ -- -- -----------~ 

the species increases from north to south, and decrease in water temperature 
can, therefore, be suggested as the controlling factor in the degree of 
calcification of this species. The cold subantarctic water form has the greatest 
calcification. The specimens shown in Figs 1-8 are selected representatives 
from many hundreds of similar specimens considered for this description. 

Dissolution Forms of Emiliania huxleyi 

Dissolution forms and the series of changes in morphology which occur in 
sedimented coccoliths of E. huxleyi have been considered previously (e.g., 
McIntyre & McIntyre 1971; Roth & Berger 1975). However, to date, 

----------------

FIGS 16-26---( Opposite) 

16-21-Stages in the alteration of Emiliania huxleyi by dissolution. See text for 
explanation. 16---X7000; 17-X5500; lS-X7000; 19-X7000; 20-X7500; 
21-X 5500. 

22-Gephyrocapsa oceanica Phenotype B, X 2750. 
23-Gephyrocapsa oceanica Phenotype A, X 5000. 
24-Gephyrocapsa oceanica Phenotype A, X 2750. 
25-Gephyrocapsa oceantca Phenotype A, showing some dissolution. X 2800. 
26---Gephyrocapsa oceanica Phenotype B, X 2275. 
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dissolution effects on planktonic cocco spheres have not been documented. In 
the present investigation several samples were found to contain cocco spheres 
showing definite sign of dissolution and these are described below. 

In general, very few specimens of the tropical and northern, warm sub
tropical water phenotype show signs of dissolution. In the few where some 
dissolution has occurred the most common alteration is the loss of the central 
grille structure. Generally the T-shaped bars remain intact and unaltered. 
However, the more calcified colder-water phenotypes more frequently show 
dissolution. Quite often a range from well-preserved forms to quite dissolved 
forms can be found in the same sample (Fig. 9). However, despite the effects 
of dissolution, the specimens can still quite clearly be identified relative to 
their particular phenotypic group. Removal of calcite by dissolution does not 
give the cold-water phenotype the morphology of the tropical phenotype. 

Unlike the tropical form, the cold wa:ter phenotype does not lose the 
central grille during the first stages of dissolution (Figs 10, 11). The calcite 
appears to be removed, firstly, from the long margin of the radial elements 
(Figs 11-13) so that the space between them is irregularly enlarged (Fig. 
12). In some coccoliths this dissolution can continue to such an extent that 
the element is completely removed (Fig. 14). However, the central grille still 
remains intact at this stage (Figs 12, 13). In the most heavily calcified 
phenotype (Fig. 15) this initial dissolution separates and rounds off the 
outermost margin of the radial elements giving the individual coccoliths an 
irregular outline. As dissolution continues, the calcite is continually removed 
from the long margins of the radial elements giving them a distinctly serrated 
form (Fig. 15). At this stage, there is some noticeable removal of calcite 
from the elements forming the central collar around the central grille (arrow 
in Fig. 16), but the central grille remains intact (Fig. 17). The next stage of 
dissolution produces coccoliths in which large numbers of the radial elements 
have been dissolved away completely, leaving only a jagged stump showing 
on the central collar to mark their former place (arrowed in Fig. 18). At this 
stage the central grille shows signs of dissolution, the bars which form it 
becoming clearly separated from each other (arrow one in Fig. 19) or even 
completely removed (arrow two in Figs 19, 20). This is the most severely 
dissolved form of this species identified in the present samples. At this stage 
the distal surfaces of the individual coccoliths are generally almost totally 
lost, but the proximal shield elements are still present, although they show 

FIGS 27-38-(Opposite) 

27-Gephyrocapsa oceanica Phenotype B, X 5500. 
28-A clump of Gephyrocapsa oceanica coccospheres, Phenotype B. 
29-A clump of Gephyrocapsa oceanica coccospheres. Also figured is Cosinodiscus 

excentricus (top left) and, Cyclococcolithus leptoporus cocco sphere (centre left 
margin), X 1350. 

30-34-Stages in the alteration of Gephyrocapsa oceanica Phenotype A, by dissolu
tion. See text for explanation. 30-X5000; 31-X2500; 32-X5000; 
33-X2500; 34-X2700. 

35-37-Gephyrocapsa caribbeanica Phenotype A. 35-X 2750; 36-X 5000; 
37-X4700. 

38-Gephyrocapsa carribbeanica Phenotype B, X 5500. 
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signs of similar dissolution effects. The proximal shield elements do not 
generally show signs of undergoing any dissolution until the distal shield 
elements are virtually removed. Individual coccoliths on the same coccosphere 
are often at very different stages in this dissolution series (Fig. 21). 

Gephyrocapsa oceanica Kamptner 

The coccospheres of Gephyrocapsa oceanica are by far the largest and most 
robust and easily recognisable forms of the three species considered in this 
study. From consideration of many specimens of this species only two slightly 
different phenotypes can be recognised (Figs 22, 23). These two forms 
are recorded as phenotypes because the differences between them are not 
considered to be sufficient to warrant their separa:tion as different species. 
They will be referred to as Phenotype A and Phenotype B for ease of 
reference. The first and by far the most common form, Phenotype A, 
describes coccospheres formed of large coccoliths (Figs 23-25). The salient 
features of the individual coccoliths are the large and wide central opening 
spanned by a bridge formed of two elongate elements. The bridge is usually 
almost aligned with the short axis of the coccolith (Figs 23, 24). The 
proximal shield is considerably smaller than the distal shield, but both are 
formed of many closely packed imbricate elements. The outer edge of these 
elements is typically smooth and square in this phenotype (Figs 23, 24). The 
two arched elements which form the central bridge can overlap each other 
(Fig. 23) or simply abut end to end against each other at their central point 
(Fig. 25). The collar around the central opening is prominent and raised 
considerably above the distal shield, but its outline is always smooth (Figs 
23, 24). A central grille may sometimes be present (arrowed in Fig. 25), 
located on the proximal side of the central opening, below the central bridge. 
Coccospheies are usually found as isolated separate individuals. 

In Phenotype B (Figs 22, 26-29) the outer edge of each element in the 
distal and proximal shields is rounded or pointed, thus giving the phenotype 
a typically serrated outer margin (Figs 22, 26, 27). This form differs from 
Phenotype A in having a very much smaller central opening, surrounded by 
a central collar with an indented rather than smooth outline (Figs 22, 26, 
27). In Phenotype B the bridge spanning the central opening is usually 
more heavily calcified than in the other form of the species (Fig. 27). Perhaps 
the most striking feature of Phenotype B is that, whenever identified in the 
present samples, the coccospheres were always present in a clump (Figs 28, 
29) ; isolated or solitary coccospheres of this phenotype are very rare. 

Dissolution Forms of Gephyrocapsa oceanica 

In general, Gephyrocapsa oceanica appears to be little affected by dissolu
tion because considerably fewer specimens which show the effects of dissolu
tion were found of this species than of Emiliania huxleyi. 

Phenotype A Considerably more data is available to describe the dissolu
tion of Phenotype A, because this was the more common form of the species 
in the present samples. The first effect of dissolution can be recognised by 
the removal of calcite from the margins of the elements forming the distal 
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shield (Fig. 30). This gives the appearance of the individual elements 
being separated from each other. However, at this stage the outer margin 
of each element is still square and smooth (arrowed in Fig. 30). The central 
collar and bridge are not yet affected-the arm of the bridge in the coccolith 
in Fig. 30 has probably been lost by mechanical damage. The continuation 
of dissolution removes more calcite from the long axis of each element, 
thus further separating the individual elements (Fig. 25). At the same time 
the outer margins of the elements are now affected and begin to become 
rounded or pointed (Fig. 25). The central bridge and collar are as yet 
unaffected and the central grille (arrowed in Fig. 25) is still present. 
Continued dissolution removes further calcite from the individual elements 
so that they become very narrow and well separated from each other (Figs 
31, 32) with clearly rounded or pointed outer ends (Fig. 32). At this stage 
there are the first signs of calcite being removed from the central collar 
and central bridge elements (Fig. 32), so that the central collar has a dis
rupted appearance and the central bridge appears pitted and irregular in 
outline. Further dissolution continues the thinning of the distal shield and 
central collar elements, but particularly noticeable is the truncating of the 
central bridge elements so that they no longer meet each other (arrowed in 
Fig. 33). The most extreme form of dissolution found in the present samples 
is seen in the lower coccosphere in Fig. 34 in which the shield elements are 
so thin that they resemble those of Emiliania huxleyi. The thick central 
collar which is so prominent in well preserved specimens has completely 
disappeared and the central bridge has also been completely removed. Indeed 
the coccolith arrowed in Fig. 34, if seen on its own, could well be mistaken 
for a dissolved or poorly preserved specimen of E. huxleyi. It is only its 
presence in the cocco sphere with more recognisable coccoliths of Gephyro
capsa oceanica which allows its correct identification. It is, however, worthy 
of note that within one sample, a range from well preserved to very dissolved 
coccospheres can be found. Also, within the same coccosphere some indi
vidual coccoliths are more dissolved than others (Fig. 34). 

Phenotype B Very few specimens of this form have been found which 
show signs of dissolution. For this reason no significant remarks can at 
present be made on dissolution forms of this phenotype. 

Gephyrocapsa caribbeanica Boudreaux & Hay 

This species was first described by Boudreaux & Hay (1967) from carbon 
replicas viewed in the transmission electron microscope. Its salient features 
are its size, closed central area, complete lack of a grille, and possession of 
a bridge, nearly aligned with the major axis, constructed of two offset plates 
which barely touch at the centre. The illustrations which accompanied this 
description show these features quite clearly. However, later comments on 
this species (Boudreaux & Hay 1969) quoted the orientation of the central 
bridge as being "nearly aligned with the minor axis" of the coccolith. This 
has caused some degree of confusion. Since the initial recognition of the 
species, many specimens have been attributed to it by many authors. However, 
of these many identifications, nearly all are coccoliths with an open central 
area, a fea:ture not corresponding with the original description of the species. 

Geology-ll 
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It has now become the case, therefore, that specimens are attributed to this 
species on recognition of the orientation of the bridge structure, which 
should be relatively aligned to the major (long) axis of the coccoliths. Also, 
in most specimens, the central area is open or filled with a grille. 

In well-preserved specimens of this species, studied in the present investiga
tion, two phenotypes are recognised. In the more common Phenotype A 
(Figs 35, 36) the distal shield of each of the individual coccoliths in a 
coccosphere is formed of many closely packed elements with smooth straight 
outer margins. The central area is open on the distal surface and crossed 
by a bridge nearly aligned with the major axis of the coccolith (Figs 35, 36). 
The bridge is formed of two elements which abut against each other or are 
fused to each other eccentrically (Fig. 36). These elements are usually slender 
(Fig. 36), but in some specimens can be much more calcified (Fig. 37). At 
the proximal surface of the central area there is a grille (arrowed in Fig. 36). 

In Phenotype B (Figs 38, 39) the outer margin of the individual elements 
of the distal rim are rounded or pointed, giving the edge of the shield a 
serrated appearance. Because the rest of the coccoliths show good calcifica:tion, 
this serrated edge cannot be taken as the first stages of dissolution such as 
suggested by Roth & Berger (1975). The collar surrounding the central 
area is more heavily calcified and prominent (Fig. 38) than in Phenotype A 
(Fig. 36) and thus the central hole is smaller. The bridge crossing the 
central area is also more heavily calcified and in some specimens each separate 
arm appears to be formed of two elements (arrowed in Figs 38, 39) rather 
than the single element found in Phenotype A. The bridge has a similar 
alignment near to the major axis of the coccolith as in Phenotype A. 

Dissolution in Gephyrocapsa caribbeanica 

Dissolution effects are slightly less predictable in G. caribbeanica than in 
other Gephyrocapsa species. Usually the first sign of dissolution is the 
removal of calcite from the long margins of the distal rim elements (Fig. 40) 
so· that the individual elements become separated from each other, but in 
some specimens the first effect is the removal of calcite from the bridge 
structure (Fig. 41). However, more commonly the bridge is unaffected 
until later in dissolution. Continued dissolution progressively removes more 
calcite from the long margin of each element. Each element thus becomes 
more separated from its neighbour and the long margins appear serrated 
(Figs 42, 43). It is notable, however, that during these initial stages the 
outermost edge of the elements remains smooth and attached, this giving 
the individual elements the appearance of having a T-shape (Figs 42, 43). 
Indeed at this stage the distal shield has some similarities in appearance to 
the distal shield of the cold water phenotype of E. huxleyi. Further dissolution 

---------------------.--- -------------------

FIGS 39-45-(Opposite) 

39-Gephyrocapsa caribbeanica Phenotype B, X6500. 
40-45-Stages in the alteration of Gephyrocapsa caribbeanica Phenotype A, by 

dissolution. See text for explanation 40-X6500; 41-X5000; 42-X6500; 
43-X 5200; 44-X7000; 45-X 6500. 
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leads to the complete removal of several elements in the shield and the collar 
around the central area begins to be dissolved (Fig. 44). In the next phase 
of dissolution, the collar around the central area is virtually completely 
dissolved and the bridge elements become heavily pitted or cut back (Fig. 
45). However, even at this advanced stage of dissolution, the central grille 
still persists (arrowed in Fig. 45). This is the most advanced stage of 
dissolution recognised in the present sample. 

DISCUSSION 

Three specific points are evident from the present work. Firstly, it is clear 
that the concept of a species must be carefully considered before sedimented 
coccoliths with slightly different morphologies are separated as new species. 
The demonstration of phenotypic variation displayed in living specimens of 
Gephyrocapsa caribbeanica, G. oceanica, and particularly Emiliania huxleyi 
shows how a single species can alter its form in different environmental 
conditions. Also such alteration may be so considerable that if ,these forms 
were identified from separate geographically isolated samples they may well 
appear to be different species. The occurrence of such phenotypic variation 
and indeed the whole concept of what separates two forms as different 
species must, therefore, be carefully considered, particularly before naming 
new species from sedimented coccoliths. 

Secondly, considerable work has been carried out recently on the dissolu
tion forms and effects of dissolution on sedimented coccoliths (reviewed in 
Roth & Berger 1975). In the majority of such work, the depth of water 
beneath which the coccoliths were identified was considered as a salient 
feature. However, the present work on living planktonic coccoliths is clear 
indication that dissolution has begun and, in many specimens, proceeded to 
a considerable degree, while the coccospheres are still living in the few 
surface metres of the water column. The depth of water beneath which the 
dissolved forms are found in the sediment cannot, therefore, be taken as the 
sole active dissolution agency. 

Thirdly, it is notable that within one sample of plankton the coccospheres 
of any particular species show a range of dissolution effects and, indeed, 
within anyone coccosphere the individual constituent coccoliths may show 
varying degrees of dissolution. This is clearly another feature which must 
be taken into account when extrapolating environmental factors from the 
correlation of water depths and dissolution on sedimented coccoliths. 

It is apparent that many of the forms, such as Gephyrocapsa protohuxleyi, 
which have in the past been separated as new species are, indeed, simply 
dissolution forms of one of the presently known Emiliania or Gephyrocapsa 
species. 
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