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Description: 
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FIGs. 1-7 - After Haeckel. 1. Incomplete form. 2. Fully formed disco
lith. 3. One with the granular ring. 4. Commencing cyatholith: a, outer 
ring; b, granular ring; c, mark-ring; e, Markfeld; d, central point. 5. One 
with dividing discolith and portion of the larger cup forming. 6, 7. 

Cyatholiths. 
FIGs. 8, 9 - Coccolithus oceanicus, the mature form {discolith). 
FIG. 10 - Young discoliths just released from the cyatholith (coccosphere). 
FIGS. 11-12 - Two positions of the fully formed cyatholith. 
FIGs. 13-15 - Cyatholith with the rim broken off. 
FIG. 16 - Diagrammatic section through a cyatholith. 
FIGs. 17-21 - Successive stages in the division of the discolith. 
FIGs. 22-26 - A cyatholith containing four discoliths, which was turned 
over and then dissolved with acetic acid, setting the contents free, which 

were then moved about. 

Coccolithus 

The coccoliths in this clay (grey micaceous clay containing Ammonites (Schlotheimia) angu
latus, ScHLOTH., and a foraminifer, Nodosaria, wich, according to Mr. Chapman, resembles 
N. calomorpha, REuss) are peculiar in their transparency and for the great numbers of the double 
cyatholith forms, which nowhere else have I found in such abundance; and the following de
tails have been obtained mostly from this material, though I have also used the chalk of Taplow 
and the gault of Folkestone. 
The adult discoliths are minute oval bodies %10o inch (Wallich) in their long diameter (figs. 
2, 8, 9). In their centre is a bright highly refractive body, the << Centralkorn )) of Haeckel, 
which is usually slightly, but frequently also markedly, raised above the surface as a knob when 
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seen from the side; but I have never seen it forming a projecting rod, as Sollas t has figured 
from the Cambridge greensand. In the flat area surrounding the central point, the <<Mark
feld >> of Haeckel, there are two or four slightly raised points, similar to the central one, but not 
nearly so much differentiated. Round the<< Markfeld >>is the<< mark-ring>>, which is a refractive 
ring of calcite forming a thick rounded rim to the little plate, and in the older examples is 
slightly beaded. Haeckel then notices that this, which I consider to be the adult coccolith, 
surrounds itself with a granular ring (fig. 3), and finally with another brightly illuminated outer 
ring (fig. 4). This I take to be the first stage of the discolith (adult coccolith) transforming 
itself into a cyatholith (reproductive stage); the granular ring, which I have not observed in my 
fossil forms, being protoplasmic, and the outer ring the commencement of one of the cups. 
Still following Haeckel, we see that the internal discolith then divides (fig. 5), and traces of the 
second, larger cup appear; the two cups are then completed, and the dividing discolith is shut 
in between them, the smaller cup forming a lid to the cavity of the larger (figs. 11, 12, 16). In 
the early stages of division the form is still oval (figs. 17, 18), but soon the cups become rounded, 
and the divisions go on irregularly till there are sixteen or more embryonic discoliths; interme
diate forms with four, five, six, seven, &c. are frequent. In the later stages the cups of the 
cyatholith become brown and opaque, and finally, failing to adhere, they set free the baby di
scoliths in a mass (fig. 10); the empty shells are seen in almost every slide. 

The discoliths seem to be imbedded in a common membrane, for they cohere in a mass for 
some time- in fact till they are mature, or nearly so- and then they constitute what is known 
as coccospheres, which have all the appearance of spheres; but when they are lifted on to their 
side they are seen to be really flat, or, rather, halves of hollow spheres. At first I took both the 
cyatholiths and coccospheres to be actually spheres; but on agitating the water on the slide 
containing them I noticed that, while some readily followed the flow of the water, others re
mained stolidly fixed and refused to move even when great masses of debris knocked against 
them; but suddendly, when the motion became too violent, they gently turned on their sides 
and revealed the hollowness of their nature. In the first instance they were, of course, resting 
on their convex surfaces, but when they refused to move they were with their concave surfaces 
downward. Sollas (Zoe. cit.) has figured these cyatholiths in the Cambridge greensand as << coc
cospheres, covered loosely with the oval form of the coccolith >>. Some of the cyatholiths seem 
to have grown their larger cup too far forward, and the projecting part has then broken off, 
and appears surrounding the cyatholith like a Saturn's ring (figs. 13, 14, 15); by carefully 
agitating the water the ring may be made to slip on to its proper place and off again. 

The dividing discoliths here described were seen through the transparent calcite of the cup. 
To make sure that these really were discoliths within the cyatholith I ran in a little weak acetic 
acid on the slide (working with a 1/ 8-inch objective without a cover-glass); the cups became 
dissolved and the conjoined discoliths set free, when there was absolutely no mistaking the 
form. On running in a little magenta the outline of the cup reappeared, so that they are in all 
probability formed of a framework of horny material filled in with calcium carbonate. A very 
curious fact is that. while the two cups of the cyatholith dissolve freely in weak acid, the disco
liths require fairly strong acid before they will disappear; and, comparing the rate of dissolution 
of both with that of a Rotalia in a washing containing all three from the gault, the cups went 
at about the same rate as the foraminifer, but the discoliths remained long after the latter had 
disappeared. Hence I am inclined to think that the discoliths are largely composed of calcium 
phosphate, a view which I was led to entertain from the fact that the phosphatic chalk of Taplow 
contains the discoliths (with few cyatholiths) in vast quantities. 

Remarks: 

Wallich considered the coccospheres to be embryonic foraminifera, such as Globigerina, and 
later he figured them joining into linear aggregates to form Nodosaria or in alternate lines 
to form Textularia; but I have not been able to see from his figures whether he is dealing with 
the conventional coccospheres or really Foraminifera, in the external sarcode of which the di-
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2 Coccolithus 

scoliths have become imbedded; for he says the latter are arranged at regular intervals over the 
surface of the former. 
When I first worked out the above details, some eighteen months ago, Prof. Judd, to whom 
I am indebted for much help, threw doubt on my results, because they were derived from fossil 
forms, while nothing of the kind had been seen in the recent ones, even when treated with 
greater skill and with better instruments than I could command; but I have gone over all the 
work again lately, and I can only conclude that the protoplasm of the recent ones obscured the 
details of their internal structure. 
To recapitulate my results, then: 
The discolith represents the adult stage of the coccolith, and is a separate organic individual 
consisting of a phosphatic disk surrounded apparently with protoplasm. When they wish to 
reproduce themselves the protoplasm surrounds itself with a calcareous envelope consisting 
of two cups, one deep 2nd enclosing the discolith, the other functioning as a lid. Division of 
the discolith then proceeds irregularly till some sixteen or more minute bodies, representing 
embryonic discoliths, are formed; the cups then separate and set their contents free in a mass. 
The latter then continue to grow, retaining the cup-like form of the cyatholith, and constitute 
the coccospheres of Wallich, Huxley, and Haeckel; finally the colony is disbanded, and the 
discoliths float about freely on the surface of the ocean. 
As to their nature, I think there can be no doubt as to their being organic, and that they belong 
to that class of organisms which the zoologist and botanist have equal right in claiming to be
long to his favourite kingdom; but they seem to have a preponderance of botanical resemblances, 
and may be put provisionally among the Phycochromaceae, near to Gloeocapsa, Chroococcus, 

&c., which they seem to be allied by their reproduction. 
As to their name, though Ehrenberg's morpholith undoubtedly preceded Huxley's coccolith, 
he used the word as descriptive and one which could, with equal propriety, be applied to kaolin 
crystals &c., while Huxley definitely called these bodies, and these only, coccoliths. Since 
the above description of their reproduction settles them finally to be self-contained organisms, 
there arises the necessity for a true generic and specific name. 

Type species: 

Coccolithus oceanzcus ScHWARZ, 1894. 

Author: 

Schwarz E.H.L., 1894, p. 342. 

Reference: 

Coccolits. Ann. & Mag. Nat. Hist., ser. 6, val. 14, pp. 341-346, figs. 1-27. 
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