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Algrosghaera rofusfa -ransmission eectron microscope section from lan Protert, false cdoured by Markus Geisen for an
exhibition of coccolithophore images in the NHM. Topright scanning ectron micrograph, bottom right differential
interference constrast ight mocrograhs.

Cne of the many unpredcted results of the project was isdation of this deep photic species, on a cruise organised by CISC
Barcelona, and suleeguent discovery that the hood-like extensions of the coccdiths were formed by a novel
biomineralization rocess.
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Fig. 1 CODENET - PROJECT OWVERMVIEW

Hightly redraw from original wersion in proposal, 1
reflect additional research task RT16 and some extra

linkages
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Fig. 3 Coccolithophore life-cycles - outcome vs. prediction

Top figure shows the generalised model of coccolithophore life-cycle, this is essentialy as predided, by
Billard (1924) although much more widespread than expected and with completely unpredicted
combinations. Bottom two drawings - comparison of an almost entirel y speculative phylogeny for
calcification in haptophytes (as included in the proposal) and the proven picture, which follows the same
basic pattern but with very different details.




B. Linearised 183 tree
tdathod used - Meighbor-Joining, and
Kirmura distance, with bootstrap, all sies
inchided.

ME This i= & YER Y provisional analysis.

20kt
el gl

s L ARGl T g
LA S 2T

SOz, Esminhbominae dbond
i L Al
SRR Sl
e e

e e TR

o il el

BoM=

unky hodcoos (Hapks)
Tralptreumians S HIES
Ml HIES
R Y SO

LTS carand
whermerilingg Mty
Aeictrapyds Bocoola aamannon®
SRR AL
YRR AP T

AR M L
S00M TR Y TR T
FRERINYS AT
itk s et
SRR S T
Ao

S AR e R
FROCTORESF prlans

SHerA
ooy Ml

o LT PL U
PRl ey pardiavs |

P ViR

CEROIONC

WESOIOC

Earl vEocene diverge nce of

w2 ST T

durazsie

Triazdc i X o X X
Liazsic radiafion of cocooli tho phorids

Lt frre b et

PALGEQTO S

Fgmun

Carbonlierous

C. Molecular clock 1

Davonlan

Slugfn

Oraciddan

g
Lelerre b b b g

Cambdan,

I
\ Earl wFalasozoic ﬂi\uergence of

Ao wphytes wPrymesiophyes :

B

aeologifsl Time 3
s M .

E“?Eaﬂ y Cretaceous radiation -> Syramsmaeraies, Pleurochrysidacaesa, Hwn enomonadaceae |

A. Nor-linearised 185
tree I

CALCIDIRCACEAE

COCCOLTHACERE

HOWOCOCCO L THS

PLEURDCHRSIDACEARE
ann
Y MERD WOHLA DNC HEA

AYRACOSEP HAERA LES

TGOS PHY ERALES

BEOCHRTSIDALES :a_‘

A LN ALES

Early Miocehe arigin of & fepmaoresd Oin Sfcosaiaera

Helnsphaema & Fonnsphaens
(& of Coceniifus we, Cafoioferis)

Pozt KT divergence of Cocmiifive & Cridpacofiuvs

Explanation

The non-linearised tree (A) is a first level interpretation of
the molecular genetic data, distances on this tree are
proportional to number of differences inthe sequencsd
gens (185). If we assume random rates of molecular
evelution acress the tree then we can convert these
distances intoestimates of relative divergence time - the
linearised tree B. These estimates can then be compared
with geological estimates of particular nodes to yield a
madecular clock ().

The considerable uncertainties inthe estimates are
represented by error boxes.

The remarkably good correlation of the geological and
moecular estimates of relative age for the dated nodes
allows us to have some confidence in making predictions
as tothe age of undated nodes. As explained in the text
this has interesting implications for interpretation of the
coccolith record of extinctions across the
Cretceous/Tertiary boundary.
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Fig. 5 Outline of intraspecific variation in the CODENET taxa

MB In the illustrations heterococeadith phases are illustrated above the holococeolith phases. Boxes indicate
which types of evidence are available tosupport the inferred differentiation. See text for sources.
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Fig. 6- Oxygen isctope fractionation data from coccolithophores. (From Ziveri et al. in prep a,b)
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