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Abstract 

Haptophytes are represented in the fossil record by a phenomenal 
abundance of coccoliths and cryptic nannoliths. The biological information 
available from this record is outlined here. In particular palaeontological 
perspectives on coccolith based taxonomy and phylogenetic inferences are 
described. It is shown that the geological record of coccoliths is selective, 
but very complete for the selected species. Research on exceptionally pre
served fossil coccoliths, the Cretaceous/ Tertiary boundary, palaeoceano
graphy, and Milankovitch cyclicity is outlined. 

Introduction 

Coccoliths are readily preserved in sediments and as a result haptophyte 
algae have one of the most abundant fossil records of any division in terms 
of numbers of preserved individuals, volume of sediment, or percentage 
of individuals which have been fossilized. Moreover, this fossil record is 
continuous from their first occurrence in the Late Triassic to the Present. 
Their abundance is best displayed by the Late Cretaceous white chalk 
facies which occurs across most of northern Europe with equivalents 
around the world, and which is essentially composed of coccoliths and 
debris from them (Fig. 20.1). The Chalk was unusual in being deposited 
from extensive shelf seas, but similar coccolith dominated sediments are 
forming today below very large areas of the deep ocean, and have formed 
through most of the history of coccoliths. 

Despite their importance in the earth's biogeochemical cycles, the 
prime geological interest in the group has been in biostratigraphy, i.e. the 
determination of the age of sediments from the fossils contained in them. 
Coccoliths are exceptionally good for biostratigraphy since they are 
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(a) (b) 

Fig. 20.1 The chalk of the Late Cretaceous. This deposit covered most of north
west Europe and similar deposits occurred around the world. Coccoliths constitute 
about 80% of it. (a) Culver Bay, Isle of Wight. Scanning electron micrograph of a 
typical chalk surface showing numerous coccoliths, rod-shaped nannoliths, and 
finer debris from coccoliths. Scale bar= 10 J.Lm. 

common, evolved fast, and show low endemicity. Also their small size 
means they can be studied from minute rock chips, which is of particular 
value in the oil industry and scientific drilling. The detailed biostrati
graphic knowledge of coccoliths combined with their exceptional geo
logical record gives haptophyte algae special potential as a group for 
palaeobiological research; including study of evolutionary processes, and 
environmental change. 

Definite coccoliths are usually found together with nannoliths which are 
calcareous fossils of similar size but uncertain affinities. Most nannoliths 
probably were formed by haptophytes; they and coccoliths are usually 
studied together and referred to in the literature as calcareous nannofossils 
or nannoplankton. 

State of research 

Up to the 1950s only a very few workers studied fossil coccoliths- notably 
Deflandre and Kamptner- and they probably described < 10% of the fossil 
species now known. From the 1950s the biostratigraphical potential of 
coccoliths began to be recognized and transmission electron microscopy 
was applied to their study, even though this required elaborate carbon
replication preparation techniques. During the late 1960s there was a rapid 
acceleration of taxonomical and stratigraphical work due to a number of 
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factors, including application of coccolith biostratigraphy m the oil 
industry, inception of the Deep-Sea Drilling Project in 1968, and the 
application of scanning electron microscopy. Over the past decade this 
descriptive work has declined, whilst biostratigraphical studies are 
evolving into a multidisciplinary high resolution science, and broader 
aspects of the relationship between coccolithophorids and the 
palaeoenvironment are being addressed. Electron microscopy is used for 
research on coccolith morphology and taxonomy. For routine work, 
however, light microscopy using strew mounts is always used since it is 
much faster and can be applied even with very poorly preserved samples. 

Fossil coccoliths are now being actively used and studied by many 
(perhaps 300) workers across the world in both academic and industrial 
institutions, all studying essentially the same set of taxa (there are < 1000 
routinely cited species). So detailed data is available for most taxa, 
including, particularly, distribution in time and space. However, there is a 
shortage of authoritative monographs, and species level taxonomy is often 
confused and ill-disciplined. This in turn makes it difficult to synthesise 
available non-taxonomic data. The most useful existing synthesis of both 
taxonomy and biostratigraphy is Perch-Nielsen (1985a, b). We have tried 
here to cite a broad selection of interesting recent papers, so that the 
references would form a useful introductory reading list. 

Palaeontological taxonomy 

It is sometimes argued that taxonomy of fossil coccoliths is inevitably 
artificial due to special features of coccolithophorid biology: coccoliths 
are only isolated components of a total exoskeleton; some species have 
life cycles with alternation of holococcolith and heterococcolith stages 
(Billard, Chapter 9) ; some coccospheres have more than one discrete type 
of coccolith; and coccolith morphology is affected by non-taxonomic 
processes. However, equivalent problems can be found in most other 
fossils, from mammal teeth to dinoflagellate cysts. Tests such as internal 
consistency of the classification , and correlation with living equivalents, 
indicate that at least the general outline of heterococcolith classification is 
sound, though there are problems in detail (see also Aubry 1989). 

Species concepts 

Genetic recombination during sexual reproduction underlies the concept 
of the species, but in practice even biologists can rarely apply it, so altern
ative working definitions are needed. For extant coccolithophorids the 
usual criterion is morphological continuity; within a species morphology is 
continuously variable, whilst between species there should be no overlap 
in morphology. Evolution causes morphology to change through time so 
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Fig. 20.2 Species definition and representation. (a) Subdivision of a lineage into 
three species based on time of evolutionary divergence. (b) A practical biostrati
grapher's subdivision of the same lineage with finer resolution and morphology as 
the basis of species definitions. (c) A conventional representation of this pattern. 

simple application of this criterion to fossils inevitably causes problems. A 
philosophically attractive solution is to define species in terms of phyletic 
branching events (Fig. 20.2a). However, this means that identification of a 
morphotype is often dependent on the age of the sediment it occurs in, 
which for biostratigraphy is inverted logic. For biostratigraphical work it is 
much more practical to define species so as to include all occurrences of a 
given morphotype irrespective of their age, so a species is a consistently 
recognisable morphotype which has a discrete stratigraphic range. This can give 
rise to a very different subdivision of the same evolutionary system 
(Fig. 20.2b). Nannofossil species are often based on arbitrary criteria in 
this way, and within single samples individual species may demonstrably 
intergrade. Nonetheless, lineages are conventionally illustrated by 
diagrams that suggest discontinuous evolution (Fig. 20.2c), consequently 
such diagrams need to be interpreted with care (see also Pearson 1992). 

Higher taxa 

Genera and families are the two main higher taxonomic ranks used for 
nannofossils. Within nannofossil genera individual species are typically 
variations on a morphological theme - often separated only by size or 
shape. Nannofossil families are sets of genera with similar structure , es
pecially rim structure, as reflected by light microscopy effects and electron 
microscope study. Individual genera may differ in central area structure, 
or in details of rim structure such as relative development of different 
cycles. 

Work on coccolith ultrastructure and biomineralization has produced a 
more analytical approach based on the use of crystallographic orientation 
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to identify homologous structures (Romein 1979; Aubry 1989; Young et al. 
1992; Young 1992). This approach should allow us to characterize families 
better and to investigate phylogenetic relationships between families. 
However, the basic classification has developed from a large amount of 
observational work and is likely to prove fundamentally sound. 

Macroevolutionary history 

The development of nannofloras through geological time has been 
discussed by Aubry (1992), Bown et al. (1991), Green et al. 1990, Roth 
( 1989), Perch-Nielsen (1985a, b). We give only a brief overview here. 

Mesozoic nannojloras 

The earliest known calcareous nannofossils are from the Late Triassic 
(Fig. 20.3). They may extend somewhat further back but, despite search
ing, no convincing Palaeozoic coccoliths have been found; and there are 
no significant Palaeozoic pelagic carbonates. Definite dinoflagellates 
appear at about the same time as nannofossils, whilst diatoms and 
silicoflagellates do not occur until the Cretaceous. Thus the modern 
phytoplankton is essentially Mesozoic in origin and Palaeozoic oceans may 
have had very different primary productivity regimes. 

The first calcareous nannofossils are an heterogeneous group including 
small calcispheres, enigmatic nannoliths , and a couple of coccoliths 
(Bown 1987). Only the coccoliths continue into the Early Jurassic , but 
these undergo a strong radiative evolution and gradually produce the 
diverse coccolith types of the Mesozoic families (Fig. 20.3; Prins 1969; 
Bown 1987) . During the Middle and Late Jurassic the coccoliths are rel
atively conservative. During the Cretaceous there is a more or less steady 
appearance of new taxa. Extinction rates are rather low, most taxa are 
long-lived, and there is a gradual increase in diversity through the Late 
Cretaceous with ultimately about 140 species in 16 families. This is also the 
time of maximum abundance of coccoliths and a period of relatively high 
modal coccolith size (5-10 /Lm vs. 2-6 /Lm at the present day). It is not 
clear whether this acme of coccolith success was due to favourable condi
tions or to evolutionary success relative to other groups. 

Among the nannoliths the Polycyclolithaceae and Microrhabdulaceae 
show similar distribution patterns to typical coccoliths and a heterococcolith 
type ultrastructure of complex crystal units. They were probably derived 
from coccoliths. The nannoconids have distribution patterns that are 
independent of coccoliths and have quite different ultrastructure (Busson 
and Noel 1991; van Niel 1992). It is possible that they are entirely unrelated. 
They are most important in Early Cretaceous Tethyan peri-continental 
sediments where they are often the main rock-forming component. 
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Cretaceous/Tertiary (K/1) boundary extinctions 

All the important Late Cretaceous families become extinct at or just after 
the Cretaceous/ Tertiary (K/ T) boundary (Fig. 20.3). This event coincides 
with the extinction of dinosaurs, ammonites and various other groups, and 
massive turnovers in many more, including the planktonic foraminifera 
and silicoflagellates, but excluding diatoms and dinoflagellates (Hallam 
and Perch-Nielsen 1990). This event has been the subject of intensive 
research, particularly following the suggestion that the extinctions may 
have been caused by a meteorite impact. The nannofossil record has been 
studied in particular detail and many sections are now known which give a 
detailed record of the boundary interval, e.g. Romein ( 1979) , Thierstein 
(1981), Hallam and Perch-Nielsen (1990), Pospichal and Bralower (1992). 

About 80% of the Cretaceous species, including all the common ones, 
become extinct. A limited group of nannofossils survive, several of which 
show relative abundance peaks ('blooms') during this interval. Sub
sequently a new set of species evolve, these can mostly be traced back to 
the surviving species but develop into a quite distinct group of new 
families. The pattern thus appears to be: catastrophic extinction of the 
main nannoflora, survival of a few opportunistic species, and subsequent 
radiation of a new nannoflora. 

The magnitude and rapidity of the event supports the more catastrophic 
explanations of the K/ T boundary - massive volcanic eruptions or 
meteorite impact- over the more gradualistic - ecological collapse due 
to severe climate or sea-level change. There are, however, still problems of 
interpretation. For instance, the Cretaceous species which occur 
abundantly just above the K/ T boundary might be either survivors or 
reworked specimens. As a result it is unclear whether, the extinctions 
occurred through mass mortality of virtually the entire nannoplankton 
over a period of at most a few years, or by progressive diminution of the 
nannoflora over a few tens of thousands of years. 

Tertiary nannofossils and origins of the present day flora. 

Mter the K/ T boundary event extinctions there was a rapid evolutionary 
radiation during the Palaeocene and early Eocene (Romein 1979). This 
lead to the development of many new forms, including most of the 
families of the modern nannoflora. Compared to the Early Jurassic radi
ation, species appearance rates are much higher (> 8 spp. / Ma vs 1-2 
spp. / Ma) and individual species in most families have short ranges. 

Subsequently diversity decreases in the late Eocene and into the 
Oligocene before recovering in the Miocene. This pattern is similar to 
that shown by planktonic foraminifera and is thought to be related to 
Antarctic ice development in the Oligoccne. The onset of Pleistocene 
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glaciation sees some extinctions, notably of discoasters, but without any 
strong effect on the total diversity. 

The modern flora includes about 200 species of coccolithophorids, but 
only about 40 of them are known from the latest Quaternary fossil record. 
The causes of this are partly preservational and partly observational, both 
of which are strongly size selective. With light microscopy it is difficult to 
identify coccoliths < 3.5 JLm long, and virtually impossible even to observe 
coccoliths < 2 JLm long. Moreover, preservation processes during both 
sedimentation and lithification strongly favour larger crystals over smaller, 
so electron microscopy does not usually reveal many additional small 
species. As a result, the Papposphaeraceae and Hymenomonadaceae have 
no known fossil record whilst the Syracosphaeraceae, Rhabdosphaeraceae, 
and Calyptrosphaeraceae are represented by only a few larger species 
without the enormous diversity of smaller living species. In contrast, in 
the Helicosphaeraceae, Pontosphaeraceae, Coccolithaceae, and Noelae
rhabdaceae most of the modern species have coccoliths larger than about 
3 JLm and are known as fossils . Overall the fossil record of the 
coccolithophorids is patchy, being extremely good for some families, 
limited for others, and non-existent for a few. 

The fossil record suggests that the modern coccolithophorids are 
essentially the product of two radiations, the first in the Early Jurassic, the 
second in the Palaeocene (Fig. 20.3). The close relationship suggested for 
the Coccolithaceae and Noelaerhabdaceae (including Emiliania) is inter
esting since features of Emiliania, such as absence of true a base-plate scale 
or motile phase holococcoliths, separate the Noelaerhabdaceae from 
other coccolithophorids (Green et al. 1990) . However, the fossil evidence 
from K/ T boundary sections is good, although not incontrovertible. This 
suggests that the differentiating features of the Noelaerhabdaceae are 
derived rather than primitive characters. 

Microevolutionary studies 

Microevolution is the process of evolution within and between species; as 
opposed to macroevolution , the origins and relations of higher taxa. 
Pelagic sediments often give a continuous record of individual nannofossil 
species through both time and space so there is enormous potential for 
rigorous microevolutionary work. There have, however, been relatively few 
detailed studies - most apparently microevolutionary studies are best
guess phylogenetic trees based on knowledge of the morphology and 
stratigraphic distribution of species (e.g. Theodoridis 1984; Bown 1987; 
Varol 1992) . These are useful information syntheses but are of little value 
as studies of evolutionary pattern and process. Several studies have used 
biometrics to quantify microevolutionary change (e.g. Romein 1979; 
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Young 1990) , however, it is difficult to find independent biometric para
meters to measure on coccoliths so most studies are monoparametric and 
contain unresolvable ambiguities (Young 1990). One exception is work 
on Gephyrocapsa by Samtleben (1980), Rio (1982), Matsuoka and Okada 
(1990), and Sato et al. (1991). Here three independent parameters are 
available- coccolith length, central area opening, and bridge angle. This 
allows sensitive discrimination of species. Matsuoka and Okada ( 1990) 
showed that a succession of distinctive larger species repeatedly differ
entiated from the continuously present complex of small Gephyrocapsa spp. 
through the Pleistocene. The other studies revealed essentially the same 
pattern, and calibration from magnetic and oxygen isotope chronologies 
show that these microevolutionary changes were synchronous to within a 
few 1000 years across the Pacific, Indian, and Atlantic Oceans. This very 
strongly supports the use of nannofossils in biostratigraphy and suggests 
that the nannoplankton, or at least Gephyrocapsa, exists as a single well
mixed population on this timescale. 

Obtaining palaeobiological data 

Exceptional preservation, laminated deposits, and blooms 

The study of exceptionally preserved fossil deposits - Lagerstatten - is 
immensely useful throughout palaeontology; obvious examples include 
the Burgess Shale, and Solenhofen Limestone. Unusual conditions of 
original deposition and subsequent fossilization can allow delicate species 
and anatomical details to be preserved which are normally lost. 

For calcareous nannofossils a number of deposits are now known which 
might be characterized as Lagerstatten. Typically these are laminated 
organic-rich sediments, which indicate anoxic bottom conditions (Noel 
et al. 1987). Under these conditions material reaching the sediment is 
unlikely to be broken down or disrupted. So providing that coccoliths are 
supplied to the sediment, and that subsequent diagenesis is low, they are 
likely to be preserved in their original associations, and as pellets or 
coccospheres. Anoxic bottom conditions are most common in eutrophic 
basins with restricted circulation and so many, though not all, such 
deposits contain abnormal assemblages, and often monospecific assem
blages probably recording blooms. 

Although deposits of this type are rare, study of them has provided a 
disproportionately large amount of data including: biological data on, the 
arrangement of coccoliths on coccospheres, dimorphism, and ontogeny 
(e.g. Covington 1985; Lambert 1986; Young and Bown 1991); phylogen
etic data from occurrences of species usually too small or delicate to be 
preserved (Goy 1981 ; Bown 1993; see Fig. 20.4); ecological data from the 
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(a) (b) 

Fig. 20.4 Exceptional preservation of coccoliths, Lower Jurassic laminated sedi
ment from France. This material has been described by Goy (1981) , and by Bown 
(1993) (a) Collapsed coccosphere with coccoliths at various growth stages. (b) 
Surface showing abundant delicately preserved small coccoliths (compare with 
Fig. 20.1). Scale bars= 10 p,m. 

study of undisturbed associations recording single blooms and annual 
cycles (Thomsen 1989). 

Palaeobiogeography, Palaeoceanography, and Palaeoclimatology 

This is a very large and very active field characterized by multidisciplinary 
studies using geochemical data (stable isotope studies, element ratios, 
organic biomarkers, etc.) combined with quantitative palaeontological 
data (from planktonic foraminifera, dinoflagellates etc.), with modelling 
becoming increasingly important. Major themes include the development 
of thermohaline circulation, ice-caps, and current systems. Interesting 
nannofossil studies include Thierstein (1981), Bralower (1988), Wei and 
Wise (1990), Aubry (1992), and Pujos (1992). This research field creates a 
very strong palaeontological interest in the large scale controls on the 
distribution of coccolithophorids, and phytoplankton in general. To date , 
however, there have not been enough well constrained studies to gain 
clear answers from the nannofossil record as to the pattern or causes of 
species distribution, and many studies have tended to over-invoke single 
physical controls, particularly temperature. 

A particularly promising new research area is Milankovitch cyclicity. 
Milankovitch (1941) predicted that changes in the precession, eccentricity, 
and obliquity of the earth 's orbit would produce regular climatic changes 
on 20 000, 40 000 and 200 000 year frequencies. This proposition was not 
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immediately accepted, but study of oxygen isotope derived palaeotemper
ature signals from fossil planktonic foraminifera revealed that such cycles 
control the timing of Pleistocene glaciations. Subsequently, Milankovitch
scale cyclicity has been recognized throughout the geological column and 
is currently the subject of intense research. It has great potential for 
providing a high resolution calibration of the geological time scale, and 
for understanding the responses to ecological change of particular 
environments and fossil groups. Typically it is thought that rather weak 
primary changes in solar radiation, caused by the orbital changes, are 
amplified by climate change and oceanic circulation change to produce a 
relatively strong primary productivity signal, which produces changes in, 
for instance, clay/ carbonate ratios and so lithology. 

The nannoplankton almost certainly plays a key role both as 
phytoplankton in the driving mechanism, and as carbonate producers in 
the production of the visible sedimentary record of Milankovitch cyclicity. 
The study of nannofossils is, therefore, especially relevant to the subject. 
Interesting recent studies include Erba et al. (1992), and work showing 
strong signals from Florisphaera in the Quaternary (Molfino and Mclntyre 
1990) and from Discoaster in the Pliocene (Chepstow-Lusty et al. 1992). 
Florisphaera is a deep-dwelling form and Discoaster may have been; and in 
both cases high relative abundances of these genera probably reflect 
intervals oflower surface productivity. 

Conclusion 

Palaeontological studies of coccoliths have traditionally been dominated 
by biostratigraphic work whose primary purpose was to date sediments. 
These produced an enormous literature, taxonomy, and distribu
tion database , but this was difficult to use and yielded few results of direct 
biological value. This situation is changing fast due to: critical re
examination of phylogeny; detailed microevolutionary studies; rapidly 
developing palaeoceanographic studies, including work on Milankovitch 
cyclicity; and study of exceptionally preserved deposits. 
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