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Integrating molecular genomic and palaeobiological data on 
the evolution of the Gephyrocapsa-Emiliania clade
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Most Quaternary and modern coccolithophore assemblages are dominated by the Noelaerhabdaceae, especially the gen-
era Gephyrocapsa, Emiliania and Pseudoemiliania. They include key bloom-forming species, underpin Quaternary bio-
stratigraphy, and have been extensively studied in cultures. The combination of their rapid recent evolution, enormous 
abundance in both the fossil record and the modern ocean, and ready accessibility for laboratory study make them a very 
attractive study group for microevolutionary studies. Indeed, they are one of the most accessible groups for integrating 
molecular and palaeontological approaches to plankton evolution. However, molecular genetic studies have long proven 
to be problematic. Studies of slow-evolving genes, such as 18S rRNA, have failed to produce any useful data because 
well-established species, such as Gephyrocapsa oceanica and Emiliania huxleyi, have proved to have identical gene 
sequences. Conversely, studies of fast-evolving genes have produced contradictory results and suggestions of complex 
interactions of hybridisation and inherited polymorphism (e.g. Bendif et al., 2014).  

However, new data from whole-genome sequencing has largely resolved these problems. Whole-genome sequenc-
ing allows evolutionary inferences from hundreds of genes to be compared and, from this work, a clear synthesis has 
emerged. On one hand, the classic extant morphospecies are well supported. On the other hand, the entire set of extant 
species is closely related, and a molecular clock interpretation, based on the well-established fi rst occurrence of E. 
huxleyi, suggests that the clade diversifi ed from a common ancestral population ca. 500 ka ago. This suggests that the 
generic distinctions are infl ated and arguably untenable. More signifi cantly, the evolutionary pattern inferred from mo-
lecular genetic data can be directly compared to that from the fossil record (e.g. Samtleben, 1980; Matsuoka & Okada, 
1990). It appears that the size-reduction event (extinction of Gephyrocapsa omega/Gephyrocapsa sp. C), which has been 
observed in multiple geological studies, corresponds to the base of the radiation of the modern Gephyrocapsa-Emiliania 
clade. By extension, it appears highly likely that previous size-reduction events in the reticulofenestrid record were simi-
larly signifi cant macroevolutionary events. Moreover, the pattern suggests that evolutionary turnovers were both abrupt 
and occurred via sympatric, rather than allopatric, evolution. 
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