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The Ordovician biodiversification has been recognized since the 1960s; the term ‘The Great 

Ordovician Biodiversification Event’, abbreviated by many as the ‘GOBE, has been used for 

the past 20 years. The conceptual development and terminology applied to this crucial episode 

in marine life signify its considerable complexity. The GOBE includes successive biodiversity 

phases of the pelagic and benthic biotas, possibly decoupled. Put simply, the GOBE can be 

seen as a sequence of diversifications of the planktonic (late Cambrian - Early Ordovician), 

level-bottom benthic (Early-Middle Ordovician) and reef communities (Middle-Late 

Ordovician), although the boundaries of these ‘events’ are diachronous (as for the entire 

GOBE), and it is logical to assume that these communities co-evolved and interacted. The 

GOBE also includes several Biotic Immigration Events (BIMEs), such as the ‘Richmondian 

Invasion’ and the ‘Boda Event,’ recoding the large-scale dispersal of taxa from one 

biogeographic area to another. The GOBE is thus the sum of the diversity trends of all 

individual fossil groups showing rapid increases, diachronously, during different intervals and 

across different regions. It thus spans the entire Ordovician, capturing the increasing total 

diversity of marine organisms during the period. The GOBE is not simply one, but many 

sequential events. 

 
□  Ordovician, diversity, biodiversification, plankton, benthos, reefs 

 

Thomas Servais  [thomas.servais@univ-lille1.fr], Univ. Lille, CNRS, UMR 8198 - Evo-Eco-

Paleo, F-59000 Lille, France; David A.T. Harper [david.harper@durham.ac.uk], 

Palaeoecosystems Group, Department of Earth Sciences, Durham University, Durham, DH1 

3LE, UK and Department of Geology, Lund University, Lund, Sweden. 

 

 



 2 

 

The term ‘The Great Ordovician Biodiversification Event’ and its acronym GOBE are widely 

used in the literature. Paradoxically, despite its common currency, the origin of this term and 

its definition are poorly understood by the majority of earth scientists.  

The Ordovician (c. 485 to c. 443 Ma) is the geological period that exhibits the most 

rapid and significant increase in the diversity of marine organisms, at lower taxonomic levels, 

during the entire Phanerozoic. This Ordovician biodiversification together with the older 

‘Cambrian Explosion’ comprises an Early Palaeozoic marine radiation that, together with the 

Early Mesozoic radiation, is one of the two most significant biodiversifications, in terms of 

sheer numbers of new taxa, in the Phanerozoic (e.g. Erwin et al. 1987; Crame & Owen 2002; 

Harper 2006; Stanley 2016). While some authors have considered the ‘Cambrian Explosion’ 

and the Ordovician biodiversification as separate radiations, others have suggested that they 

are both part of a single extended radiation event, displaying different facets of the 

construction of a resilient ecosystem. This question of whether to separate or conflate both 

‘events’ is part of an ongoing debate (e.g. Droser & Finnegan 2003, Servais et al. 2009) in 

particular within the context of research on the exact timing of the onset of the Ordovician 

biodiversification (e.g. Servais et al. 2016).  

Both the ‘Cambrian Explosion’ and the Ordovician biodiversification are by no means 

short ‘events,’ but took place over several tens of millions of years. Although the Ordovician 

radiation was one of the most important, major turnovers in the evolution of the marine 

biosphere, it was not as spectacular as the ‘Cambrian Explosion’ in that no new phyla, with 

the possible exception of the Bryozoa, are recorded from the Ordovician, no new Bauplans 

were apparently invented. The ‘Cambrian Explosion’ is also much more widely known 

because of the publication of numerous remarkable discoveries of spectacular fossils from the 

famous Fossil-Lagerstätten, such as the Burgess Shale of the Canadian Rocky Mountains, 

Sirius Passet in Greenland, or the Chengjiang Biota in South China (Fig.1). Such spectacular 

Lagerstätten are less common in the Ordovician (e.g. Lefebvre et al. 2016). Compared to the 

Cambrian ‘Explosion’, the Ordovician ‘biodiversification’ is therefore less well known, at 

least by the general public. 

Was the Cambrian radiation an ‘explosion’ or a ‘diversification?’ Or did an 

‘explosion’ take place during the Ordovician? These are simply questions related to the 

taxonomic rank that is analysed. At the higher taxonomic levels, e.g. the origination of animal 

phyla, the ‘explosion’ took place during the Cambrian, because the majority of animal phyla 

first appeared in the fossil record during the Cambrian. But it was only during the Ordovician 
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that the diversity of lower taxonomic ranks clearly ‘exploded’: the diversity of orders, 

families, genera and species escalated during the Ordovician, not the Cambrian (e.g. Eble 

1998). Thus, the ‘Cambrian Explosion’ was the first appearance in the fossil record of most, if 

not all, animal phyla, while an ‘Ordovician explosion’ took place at lower taxonomic levels. 

However, the term ‘Ordovician explosion’ has never been proposed or formally introduced 

and the term is not used by the Ordovician community of palaeontologists and geoscientists. 

The radiation of organisms is not only based on biodiversity measures. The 

Ordovician radiation also introduced a high number of important changes in terms of 

ecological structuring (e.g. Sepkoski & Sheehan 1983; Bush et al. 2007; Servais et al. 2010; 

Harper et al. 2015) and of biomass production (e.g. Payne & Finnegan 2006; Servais et al. 

2016; Pohl et al., this volume): it was during the Ordovician that modern marine ecosystems 

were established, with almost the entire water column (and the entire oceans) filled with 

organisms, while during the Cambrian, marine life was mostly restricted to habitats near the 

sea-floor and in near-shore environments (e.g. Miller 2004). 

The term ‘The Great Ordovician Biodiversification Event’ that is widely used today, 

and abbreviated by many scientists to the ‘GOBE,’ was described by Webby (2004a). 

However, many authors do not strictly follow his concept, and there has been an increasing 

misunderstanding of the concept of the term, which ignited, in the last couple of decades, an 

ongoing debate on the definition, the concept and the duration of the ‘Great Ordovician 

Biodiversification Event.’ In addition it is now clear that the GOBE is not one but a family of 

sequential events rooted in the Cambrian, unfolding during the Ordovician.   

The objective of the present paper is to review the history of the definition of the Great 

Ordovician Biodiversification Event (GOBE), to highlight its many interpretations and 

misinterpretations and to clarify its concept and duration.  

 

 

Historical review and definition of the ‘Great Ordovician Biodiversification Event’ 

(GOBE) 

 

The Ordovician biodiversification was clearly recognized in the 1960s and 1970s by a number 

of workers, who distinguished the Ordovician radiation from the Cambrian Explosion (e.g. 

Valentine 1969, 1973). Subsequently, Sepkoski (1978, 1979, 1981, 1984, 1988, 1991, 1995, 

1996, 1997) established without doubt the statistical reality of the Ordovician 

biodiversification with respect to a range of different phyla with diverse life modes.  The 
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‘Ordovician radiation’ was thus named and defined for the first time during the 1980s (e.g. 

Sepkoski & Sheehan 1983). It was clearly understood as an adaptive radiation of the marine 

fauna and this was clearly addressed in the landmark contribution by Sepkoski (1995) at the 

Seventh International Symposium on the Ordovician System (ISOS) at Las Vegas, Nevada, 

USA. In a subsequent paper, Droser et al. (1996) used the term in their seminal paper ‘The 

Ordovician Radiation’. The term, ‘Ordovician Radiation,’ was largely used during the 1990s 

and early 2000s (e.g. Miller & Mao 1995; Droser & Sheehan 1997; Miller 1997a, 1997b, 

Miller 1997c; Droser & Finnegan 2003; Miller 2004). However, it is noteworthy that 

Sepkoski (1995) had already recognised Ordovician radiations (in plural), rather than 

specifying a single Ordovician event. 

Following the Las Vegas ISOS in 1995, three Ordovician palaeontologists, Barry 

Webby (Sydney, Australia), Mary Droser (Riverside, California, USA) and Florentin Paris 

(Rennes, France), proposed an International Geological Correlation Programme (IGCP) 

project entitled ‘The Great Ordovician Biodiversification Event: Implications for Global 

Correlation and Resources.’ This project was accepted and supported by UNESCO and the 

IUGS (International Union of Geological Sciences) and ran from 1997 to 2001, with an 

additional year (or extended term) in 2002, under the banner IGCP 410. The term ‘Great 

Ordovician Biodiversification Event’ was thus created and used by many scientists, 

participating in project 410. The Ordovician radiation became an ‘event’ in the context of 

many international geological projects in the last decades of the 20th century that were 

focused on ‘global events’ or ‘event stratigraphy’ (e.g. Walliser 1995). However, the only 

clear and unambiguous description of the term ‘Great Ordovician Biodiversification Event’ is 

that of Webby (2004a), in the introduction of the benchmark ‘Webby book’ that summarized 

the key contributions to IGCP project 410 (Webby et al. 2004a).  

Webby (2004a, p. 2) introduced the volume by noting that the term ‘Great Ordovician 

Diversification Event,’ had been used during the years 1997 to 2002 but was also named 

the ‘Ordovician Radiation’ (Droser et al. 1996). He described the “Great Ordovician 

Biodiversification Event” as follows: ‘Although the most intensive part of the Ordovician 

Radiation was during the Mid to Late Ordovician epochs, an interval of 28 m.y. (until the 

second extinction pulse of the end Ordovician mass extinctions) ... , some taxonomic groups 

(e.g., trilobites, inarticulated brachiopods, graptolites, conodonts, and rostroconch mollusks) 

also diversified significantly during the Early Ordovician. Consequently, all these 

evolutionary events from the beginning to virtually the end of the Ordovician Period—
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through nearly 46 m.y. of earth history should be treated as belonging to the Ordovician 

Radiation’. 

Webby (2004a, fig. 1.1. A) illustrated the ‘Great Ordovician Biodiversification Event’ 

within the frame of the entire Phanerozoic, by utilising Sepkoski’s key figure (1984, fig.1). In 

addition, he modified Sepkoski’s figure 1 (1995, fig. 1) to illustrate an almost continuous 

increase of diversity during the entire Ordovician, from a base level at c. 489 Ma to 

immediately before the Late Ordovician Extinction Event (LOME; Finnegan et al. 2016), near 

the Ordovician– Silurian boundary at c. 443 Ma (Webby 2004a, fig. 1.1. B). Thus, the 

duration of the ‘Great Ordovician Biodiversification Event’ was also clearly described by 

Webby (2004a), effectively encompassing the entire Ordovician Period, of some 46 myr. 

Webby (2004a) summarized in his introductory chapter the important data compiled 

by Ordovician specialists to construct the diversity curves of almost all fossil groups 

presented in the Webby et al. (2004a) volume. However, the absence of a synthetic figure, 

with a comparison of the diversity curves from the Webby et al. (2004a) volume, possibly 

explains why Webby (2004a) has not received greater attention. Similarly, the concept of the 

‘Great Ordovician Biodiversification Event’, as described by Webby (2004a), as the sum of 

the individual biodiversification events of all fossil groups during the entire Ordovician, has 

not been strictly followed by many authors. The ‘Boda Event’ (sensu Fortey & Cocks 2005) 

or the ‘Richmondian Invasion’ (sensu Holland 2007) for example, are clearly part of the 

‘Great Ordovician Biodiversification Event’, according to Webby’s (2004a) concept. These 

events should not be considered as events that are separate from the ‘Great Ordovician 

Biodiversification Event’ (see below), but merely as constituent parts.  

As described by Webby (2004a), the ‘Great Ordovician Biodiversification Event’ is 

the sum of many individual events.  In the same volume, Miller (2004, p. 381) clearly pointed 

out the similarity with the concept of the ‘Ordovician radiation’: ‘The impression emerging 

thus far from investigations of hierarchical patterns during the Ordovician (e.g. Patzkowsky 

1995; Miller & Mao 1998; Adrain et al. 2000) is that different scales of diversification were, 

in fact, characterized by unique signatures that may be indicative of unique processes not 

necessarily linked to one another’.  The ‘Great Ordovician Biodiversification Event’ is thus 

not a single event, but the sum of numerous, possibly disparate, events, either at different 

regional scales, at different temporal scales, or both. The ‘Great Ordovician Biodiversification 

Event’ could also be named the ‘Great Ordovician Biodiversification Events,’ in plural, 

similar to Sepkoski’s (1995) use of the term ‘Ordovician Radiations’. Similarly, it could be 

questioned if the ‘Great Ordovician Biodiversification Event’ can be named an ‘event,’ 
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because the entire duration of it covered a time interval between 45 and 50 myr. It was 

certainly not a short ‘event.’ However, on the scale of the Phanerozoic, or the age of the 

Earth, it is, nevertheless, a unique, relatively short time interval.   

The abbreviation (acronym) for the term ‘Great Ordovician Biodiversification Event’ 

was introduced later (following the publication of the Webby et al. 2004a volume) as ‘GOBE’ 

by several authors. About ten years after Webby’s description (2004a), most authors were 

already using the acronym GOBE. This abbreviation is widely accepted today. It has been 

introduced in geology and palaeontology textbooks and is available to the general public.  

Some 20 years after the intensive research on global events and event stratigraphy, is 

the definition still robust? Today, it is clear that the ‘GOBE’ was as much an ‘event’ as the 

‘Cambrian explosion’ was an ‘explosion’. However, both terms are very widely used. We 

therefore advocate the continued use of the term ‘Great Ordovician Biodiversification Event’ 

in the sense of Webby (2004a). We also propose to keep the usage of the acronym ‘GOBE’ 

for what is essentially the Ordovician radiation.  

 

The Great Ordovician Biodiversification Event (GOBE) and Biotic Immigration Events 

(BIMEs) 

 

Many different diversity curves have been drawn for the Ordovician. Such curves are either 

focused on individual fossil groups, different ecological groups or on different 

palaeogeographical areas (‘palaeocontinents’). A few publications display global curves 

including all marine invertebrates (e.g. Sepkoski 1995, fig. 1; Webby 2004a, fig. 1.1.B). One 

of the most recent compilations, based on the Paleobiology Database (PBDB), illustrates the 

Ordovician genus-level diversity trend of occurrence data, compiled by Kröger & Lintulaakso 

(2017). This diversity curve (Fig. 2), confirming previous diversity trends, shows a 

continuous and sustained increase of diversity between the Early Ordovician (Tremadocian) 

towards the Late Ordovician (Sandbian and/or Katian). The increase of global diversity thus 

took place over a long period of time, between c. 485 Ma and c. 455 Ma, i.e., totalling an 

interval of about 30 myr. As the focus shifts, however, to an individual fossil group, or to 

specific palaeogeographic regions, shorter or more local events become more apparent. In 

addition, different pulses of different groups of organisms (planktonic, benthic, reef-building 

organisms) can be identified (Fig. 2), as explained below.  

 

Event or events? GOBE versus BIMEs 
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Various authors have identified specific ‘events’ during the Ordovician and the Silurian. 

Significantly the term event has also been utilised for isotopic excursions (e.g. SPICE, DICE, 

and MDICE), and related to extinctions (such as the Late Ordovician Mass Extinction Event 

[LOME] in the Hirnantian), but the term ‘event’ is also used for biodiversification events, 

among them, for example, the ‘Richmondian Invasion’ or that associated with the ‘Boda 

Event’. 

The ‘Richmondian Invasion’ is currently interpreted as a Biotic Immigration Event 

(BIME) (Stigall et al. 2017). BIMEs record the large-scale dispersal of taxa from one 

biogeographic area to another. The Richmondian Invasion (e.g. Holland 1997, Stigall 2010) 

was a regional scale BIME that prompted a substantial ecosystem turnover during the late 

Katian (Late Ordovician), when oceanographic changes facilitated inter-basinal migration into 

the Cincinnati Basin (Ohio, Kentucky, and Indiana) (Stigall et al. 2017).  Another well known 

‘event’ in the Ordovician is the ‘Boda Event’. Fortey & Cocks (2005) noted this short-lived 

warming event before the Hirnantian glaciation. The ‘Boda Event,’ named after the Boda 

Limestone in Sweden, resulted in the invasion of the high latitude, cooler waters by organisms 

that are usually known only from warmer (tropical water) environments. The ‘Boda Event’ is 

thus also a ‘Biotic Immigration Event ‘sensu Stigall et al. (2017). 

Bearing in mind the concept of the GOBE by Webby (2004a) as the sum of the 

radiations that occurred during the Ordovician, it is logical to consider that the GOBE 

included several of these Biotic Immigration Events. Additional BIMEs will undoubtedly be 

identified in the future, completing the picture of the GOBE.  However, single (regional) 

BIMEs are unlikely to be global events (in contrast to the GOBE), even if biodiversifications 

co-occurred on different continental margins.  

 

 

Biodiversification(s) at the level of individual groups 

 

Biodiversity curves assembled by the Ordovician workers in Webby et al. (2004a) were 

presented for some groups at the species-level, or as combined species- and genus-level 

diversity surveys (e.g. pelagic groups: graptolites, chitinozoans, radiolarians, and some 

benthic groups: bryozoans, sponges, stromatoporoids, echinoderms); while for other (larger 

benthic) groups they were mostly presented at the genus level (e.g. trilobites, brachiopods, 

gastropods, bivalves and nautiloids). For a variety of reasons most of the curves were rather 
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incomplete at a global level, and it became immediately obvious that the diversifications of 

the individual groups took place at different times. This was highlighted by Webby (2004a, 

table 1.1.) in the introduction to the volume where he tabulated the number of taxa (genera 

and species) of all fossil groups that were used to compile the different diversity curves; he 

also compared them with the data analysed by Sepkoski (2002). In addition, Webby (2004a) 

summarized the patterns provided for every single fossil group, but he (and indeed subsequent 

authors) did not compile the different curves into a single diagram. 

Following Sepkoski (1995), Webby (2004a) considered that the pelagic and benthic 

realms were possibly decoupled. Webby (2004a) noted that the timing of the major 

Ordovician radiations of the level-bottom and the reef communities were markedly different 

(Sheehan 1985, Webby 2002); the first diversified after the Early-Middle Ordovician 

boundary interval, the second only after the Middle-Late Ordovician boundary. Sepkoski was 

not able to include in his datasets all the planktonic groups, because data for some groups 

(including the phytoplankton) were not yet available. However, it is now evident, that in 

addition to the level-bottom and reef communities, there was a major diversification within 

the plankton much earlier than the Middle and Late Ordovician, with the possible onset of a 

plankton radiation as early as the late Cambrian, bolstered by a massive diversification of 

plankton communities after the Cambrian-Early Ordovician boundary (Servais et al. 2008, 

2016).  

Simplified (Fig. 2), the GOBE could thus be separated into three different phases 

comprising diversifications of the planktonic (late Cambrian - Early Ordovician), level-

bottom benthic (Early-Middle Ordovician) and reef communities (Middle-Late Ordovician), 

although the boundaries (beginning and end) of these phases are diachronous (as for the entire 

GOBE), and it is logical to assume that these sets of communities co-evolved and interacted.  

The GOBE, as a sum of diversifications of individual fossil groups, thus spans the 

entire Ordovician, with the increasing total diversity of marine organisms. The GOBE is the 

sum of the diversity trends of all individual fossil groups that show rapid increases at different 

intervals and across different localities. Not surprisingly, specialists of individual fossil 

groups have identified the ‘GOBE’ at different intervals.  

 

The Plankton Revolution 

 

The ‘Plankton Revolution’, marking the arrival in the fossil record of planktonic organisms 

(Servais et al. 2008), but also introducing planktotrophy near the Cambrian-Ordovician 
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boundary (e.g. Nützel & Frýda 2003; Peterson 2005; Nützel et al. 2006) can be considered as 

the first major step of the GOBE with profoundly changed marine ecosystems, and a 

‘revolution’ in the marine food chains (Figs 2, 3). Although several major planktonic groups 

only appear in the fossil record after the Cambrian-Ordovician boundary, the onset of the 

‘Plankton Revolution’ took probably place in the late Cambrian (Servais et al. 2016). 

The diversity of the phytoplankton, considered a key part of the base of the marine 

trophic chain, ‘exploded’ in the late Cambrian (e.g. Nowak et al. 2015),  followed by a slow 

but continuous increase of phytoplankton diversity during the Early and Middle Ordovician 

(Servais et al. 2004, 2008). At a larger scale, phytoplankton diversity increased continuously 

from the early Cambrian to the Middle – Late Ordovician (Fig. 3), mirroring to some extent 

the biodiversity of marine invertebrates, at least during the Cambrian (Nowak et al. 2015), 

and possibly also during the Ordovician (e.g. Hints et al. 2010).  

Planktonic graptolites appeared in the fossil record just after the Cambrian-Ordovician 

boundary (Fig. 3), and the first major peak of diversity is visible in the Floian (e.g. Crampton 

et al. 2015). The chitinozoans, considered to be derived from planktonic organisms, also first 

appeared during the Tremadocian (Fig. 3), and show their first important increase (based on 

data from Laurentia) in the early Floian, before further increases in diversity during the late 

Floian (linked to data from Gondwana) and the Dapingian (linked to data from Baltica). The 

global biodiversity curve of the chitinozoans clearly illustrates also the diversity pulses 

observed on the different palaeocontinents (Achab & Paris 2007).  

Data on radiolarians, another major zooplanktonic group, remain incomplete, but a 

major turnover and a diversity increase took place during the late Cambrian (see Servais et al. 

2016, and references therein).  

 

A major phase of diversification in level-bottom communities 

 

As indicated above, Sepkoski (e.g. 1995) and Webby (2004a) considered that diversity 

changes in the pelagic and benthic realms were possibly decoupled. A dramatic change in the 

level-bottom communities is observed during the Middle Ordovician, clearly after the onset of 

the ‘Plankton Revolution’ (Fig. 2). Among the benthic organisms, the brachiopods are the 

dominant group. They show a steep increase of biodiversity in the Darriwilian at the global 

level (e.g. Harper 2006, 2010, Harper et al. 2013, 2015), as illustrated in Fig. 4 . But the 

global curve has three main components: an Early Ordovician (Tremadocian-Dapingian) 

sector dominated by early orthoids and syntrophoids, a Middle Ordovician (Darriwilian) 
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sector, overwhelmingly dominated by the rise of the plectambonitoids and strophomenoids 

and a Late Ordovician (Sandbian-Hirnantian) sector marked by the arrival of diverse groups 

of cyrtomatodont brachiopods (Harper et al. 2017). The early history and evolution of the 

phylum has, not surprisingly, a strong influence on the composition and shape of the curve. 

There are strong peaks reported from along the northern Gondwanan margin, during the 

Tremadocian, dominated by linguliform brachiopods ; at the same time the diversification of 

the Cambrian evolutionary fauna continued in shallow-water siliciclastic facies (Colmenar 

and Rasmussen, this volume). During the same interval in tropical Gondwana (South China), 

orthide and syntrophide faunas flourished prior to the massive spike in diversity during the 

Darriwilian (Zhan & Harper 2006).    

Another group of (mainly) benthic organisms are the echinoderms. Following their 

appearance in the fossil record during the Cambrian, a much more significant echinoderm 

radiation commenced in the Early Ordovician, but diversity curves vary greatly across the five 

echinoderm subphyla (e.g. Sprinkle & Guensburg 2004). Blastozoan echinoderms, for 

example, show a more continuous slow increase between the late Cambrian and the Late 

Ordovician (Nardin & Lefebvre 2010). Crinozoans (crinoids), however, only diversified, 

substantially, during the Katian (Late Ordovician).  For many other benthic groups, the 

datasets are not complete or not up to date (see also Servais et al. 2010), but it appears that the 

‘major pulse’ of diversification of level-bottom communities was observed during the Middle 

Ordovician, and this major pulse was considered by some authors as the GOBE (see below).  

 

Reef communities 

 

Reef-building organisms diversified even somewhat later compared to planktonic and benthic 

organisms (Fig. 2), confirming previous observations (e.g. Sheehan 1985, Webby 2002). 

Figure 5 illustrates the diversity changes at a global level of different reef-builders. The most 

diverse group are the bryozoans. Ernst (this volume) demonstrates that the diversification of 

the bryozoans mostly occurred during the late Middle and early Late Ordovician, with a high 

peak in the Katian (over 130 genera recorded). Sponges diversified more continuously over 

the entire Ordovician, but only become highly diverse in the Late Ordovician (Carrera & 

Rigby 2004). Stromatoporoids were virtually absent during the Early Ordovician, and only 

increased significantly in diversity during the Late Ordovician (Webby 2004b, fig. 13.2). 

Corals show a rapid diversity increase after the Middle-Upper Ordovician boundary (Webby 

et al. 2004b, fig. 15.1), clearly emphasising that the ‘GOBE’ within reef-communities only 
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occurred in the Late Ordovician.  

To sum up, there is a progressive evolution of the different fossil groups, associated 

with unique short-lived events that cannot always be precisely located. The sum of these local 

diversity patterns and trends of all the fossil groups is essential to develop a complete picture 

of the GOBE.  

 

 

Biodiversification(s) at the level of palaeobiogeographical provinces and 

‘palaeocontinents’ 

 

Miller (2004) highlighted the investigation of contrasts of the chitinozoan diversifications 

across several palaeocontinents (Paris et al. 2004), using consistent taxonomy and techniques, 

as an exemplar for the study of other fossil groups. Diversification phases occurred at 

different intervals across different palaeocontinents: the Gondwanan data from North Africa 

(‘north Gondwana’) illustrate a diversity peak in the Darriwilian (Paris et al. 2004, fig. 28.2), 

the diversity increase in Baltica is visible between the Dapingian and Darriwilian (Paris et al. 

2004, fig. 28.3), and the diversification in Laurentia increased massively during the Katian 

(Paris et al. 2004, fig. 28.4),  i.e. during the ‘Richmondian Invasion.’ Achab & Paris (2007) 

updated these data and depicted a global diversity curve for the chitinozoans that nicely 

illustrates that the global curve with its peaks is shaped by the regional trends.  

Within the Brachiopoda the locus of diversity also switched during the Ordovician. 

Early radiations occurred on the South China Plate during the Tremadocian and Floian (Zhan 

& Harper 2016), with substantial diversifications at mid latitudes (particularly on Avalonia, 

Baltica and the island environments of the Celtic province) during the early Middle 

Ordovician. The appearance of significant numbers of rhynchonellides and spire-bearing 

brachiopods is associated with carbonate environments at low latitudes, especially on and 

around Laurentia.   

Diversity curves including all marine invertebrates from different palaeocontinents 

also show different patterns. Hammer (2003) compiled biodiversity curves for Baltoscandia 

(palaeocontintent Baltica) that show a substantial increase in biodiversity, with a major 

increase commencing in the middle Floian, and more limited diversification events in the 

Middle and Late Ordovician. On the other hand, the analyses of the regional diversity trends 

from South China reveal a different pattern (e.g. Rong et al. 2007). The ‘GOBE in South 

China’ took place much earlier (e.g. Zhan & Harper 2006), with its onset in the late 
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Cambrian, and a dramatic increase of diversities mostly in the earliest part of the Ordovician 

(Rong et al. 2007, fig. 2-5). Was the ‘Baltica GOBE’ preceded by a ‘Chinese GOBE’ and 

then followed by a ‘Laurentia GOBE?’ Clearly these were regional constituents of the GOBE.  

Miller & Mao (1998) compared the diversity trends in South China and Laurentia, and 

noted that global biodiversity curves must be dissected in order to understand biodiversity 

trends at all scales. Biotic factors may be of primary significance at one scale (e.g. the local, 

community level), whereas abiotic factors, such as orogenesis may have been of importance 

at another, larger scale (e.g. palaeocontinental scale) (Miller & Mao 1995, 1998).  

 

 

Duration of the Great Ordovician Biodiversification Event (GOBE) 

 

Classically, the ‘Ordovician Radiation’ (sensu Sepkoski) succeeded the Cambrian Explosion. 

The ‘Great Ordovician Diversification Event,’ as described by Webby (2004a), clearly spans 

the entire Ordovician, but usage of the term is not consistent. Previously published and most 

recent compilations of datasets indicate that diversity increased during the Early and Middle 

Ordovician, culminating in the peak diversity during the (early and middle parts) of the Late 

Ordovician (e.g. Kröger & Lintulaakso 2017). Following the middle Late Ordovician, global 

diversity declined. This decline was not as abrupt as previously assumed (with a rapid and 

dramatic extinction at the end of the Ordovician), but occurred over several myr, possibly due 

to long-term cooling associated with emerging icehouse conditions that started long before the 

Hirnantian (e.g. Nardin et al. 2011) (Fig. 6). The duration of the diversification at a global 

level thus spanned an interval of at least 30 myr: the GOBE is a long event! 

The frequently cited and recycled figure of Trotter et al. (2008, fig. 3) illustrates a 

different view, with a much shorter duration of the GOBE. The compilations of ‘Ordovician 

biodiversity pulses’ are designed in order to show that the ‘major biodiversity pulses’ 

occurred during a relatively short interval in the Darriwilian, reflecting the ‘level-bottom 

benthic’ radiation (Fig. 2). Similarly, Schmitz et al. (2007) linked an asteroid breakup to the 

‘GOBE,’ also considering that a relatively short interval in the Middle Ordovician represented 

the major phase of biodiversification at around 470 Ma (but see also Lindskog et al. 2017). 

However, this major pulse (also confirmed by Kröger & Lintulaakso 2017) is not the GOBE 

sensu stricto as described by Webby (2004a), based on Sepkoski’s concept (e.g. 1995). 

 

The onset of the GOBE and its components 
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Recognition and imposition of the original concept and definition of the GOBE poses a series 

of complex and interrelated, research questions. When precisely was the onset of the GOBE 

and how did it relate to the Plankton Revolution?  As the event progressed when and where 

did the diversifications on Baltica, the Mid Ordovician hotspot (Rasmussen et al. 2007), and 

the diversifications associated with the Boda Event (or other BIMEs) originate? Locating the 

origins and the triggers (biotic and abiotic, i.e. intrinsic and extrinsic factors) of the GOBE 

and its expression at local, regional and global levels and across the taxonomic groups 

depends on the concept of the GOBE (and its constituent parts).  

During 1997-2002, the members of the International Geological Correlation 

Programme (IGCP) 410 ‘The Great Ordovician Biodiversification Event: Implications for 

Global Correlation and Resources’ mostly focused on the datasets and the diversity trends of 

individual fossil groups. It was the following project 503 ‘Ordovician Palaeogeography and 

Palaeoclimate’ (2004-2009) that attempted to find the triggers of the GOBE (Harper et al. 

2011), while project 653 ‘The onset of the Great Ordovician Biodiversification Event’ (2016-

2020) sought the beginning of the radiation.  

The ‘Plankton Revolution’ was probably triggered by global oceanographic changes 

(Algeo et al. 2016, Servais et al. 2016) and/or increasing sea-levels (Fig. 6), and possibly by 

an oxygenation event (Saltzman et al. 2011), but it is so far not understood why planktonic 

organisms suddenly diversified during the late Cambrian – Early Ordovician.  

The massive increase in the diversity of level-bottom benthic organisms, clearly 

visible in the datasets, appearing somewhat later (with major pulses in the Darriwilian), 

similarly requires explanation. Tectonic or oceanic triggers or biological factors have been 

proposed. Stable isotope excursions (Fig. 6) have been introduced in the debate as well (e.g. 

Munnecke et al. 2010; Algeo et al. 2016) as proxies for environmental change.  Was it the 

presence of (phytoplankton) food that became available that fuelled the diversification of the 

benthos (e.g. Bambach 1993; Martin 2003; Martin et al. 2008) or did primary production and 

the biomass in the ocean increase and, if so, to what extent (e.g. Payne & Finnegan 2006, Pohl 

et al. this volume)? Were the changing palaeo-oceanographic conditions (e.g. Servais et al. 

2014, Pohl et al. 2016) or a general global cooling responsible for the radiation (e.g. Trotter et 

al. 2008; Nardin et al. 2011; Rasmussen et al. 2016), possibly triggered by the appearance of 

land plants and the resulting decrease of pCO2 (e.g. Lenton et al. 2012)?  

Significantly, land-plant organisms are usually not integrated in current datasets and 

diversity trends that are typically limited to marine invertebrates (but see also Masuda & 
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Ezaki 2009). Nevertheless, major changes within the terrestrial ecosystems took place during 

the Ordovician (e.g. Rubinstein et al. 2010, Gerrienne et al. 2016): land-plant derived 

cryptospores from bryophyte-like plants become widespread in the Middle Ordovician, 

forming a ‘bryophytic landscape’ (Fig. 6). In the Late Ordovician, the first trilete spores 

probably indicate the arrival of tracheophytes (vascular plants). An important algal-plant 

transition occurred during the Cambrian – Early Ordovician interval. When was the onset of 

the biodiversification of the land-plants, in the Middle Ordovician or much earlier and what 

factors triggered the evolution of land-plants? This opens up the question as to how the 

terrestrial and marine realms are linked. 

A final question revolves around the substantial occurrence of reef-building groups 

developed in the Upper Ordovician. Did Ordovician palaeogeography and palaeoclimate 

change substantially in order to trigger the dominance of metazoans? Or, more 

controversially, was it the presence of a superplume, as postulated by some (e.g. Barnes 2004; 

Lefebvre et al. 2010) that prompted these changes? As for all the other Phanerozoic radiations 

the answers are complex.  

 

 

Conclusion 

 

The Great Ordovician Biodiversification Event (GOBE) is part of a substantial and sustained 

radiation of marine animals, that commenced during the Cambrian Explosion and climaxed 

during the Devonian Nekton Revolution (Klug et al. 2010).  The GOBE, by definition, 

includes diversifications during the entire Ordovician and is a combination of a range of more 

local regional radiations within individual taxonomic groups, across a range of environments, 

partitioned by the distinctive geography of the period. BIMEs had a key role at more regional 

levels. The complex patterns and trends at local, regional and global levels indicate a variety 

of drivers and facilitators (both extrinsic and intrinsic) that combined to initiate and sustain 

this remarkable event.  

 

 

Acknowledgments 

 

We thank Dr Martin Brader (Van Mildert College, Durham University) for his help designing 



 15 

and drafting the figures. We acknowledge Alan Owen (Glasgow, UK) and Ian Percival 

(Londonderry, Australia) for their very valuable reviews. This is a contribution to the IGCP 

Project 653 ‘The onset of the Great Ordovician Biodiversification Event’. This work is also a 

contribution to the CPER research project CLIMIBIO (we acknowledge the Ministère de 

l’Enseignement Supérieur et de la Recherche, the Hauts de France Region and the European 

Funds for Regional Economic Development for their financial support for this project). Part 

of TS’s contribution for this manuscript was written whilst a Visiting Fellow at the Institute of 

Advanced Study (IAS), Durham University, UK. DATH acknowledges receipt of a 

Leverhulme Fellowship and support from the Wenner-Gren Foundation (Sweden). 

 

 

References 

 

Achab, A. & Paris, F. 2007: The Ordovician chitinozoan biodiversification and its leading factors. 

Palaeogeography, Palaeoclimatology, Palaeoecology 245, 5–19.  

Adrain, J.M., Westrop, S.R., Chatterton, B.D.E. & Ramsköld, L. 2000: Silurian trilobite alpha 

diversity and the end-Ordovician mass extinction. Paleobiology 26, 625–646. 

Algeo, T.J., Marenco, P.J. & Saltzman, M.R. 2016: Co-evolution of oceans, climate, and the 

biosphere during the 'Ordovician Revolution'. Palaeogeography, Palaeoclimatology, 

Palaeoecology 458, 1–11.  

Bambach, R.K. 1993: Seafood through time: changes in biomass, energetics, and productivity in 

the marine ecosystem. Paleobiology 19, 372–397. 

Barnes, C.R. 2004: Was there an Ordovician superplume event? In Webby, B.D., Paris, F., Droser, 

M.L. & Percival, I.G. (eds), The Great Ordovician Biodiversification Event, 77–80. 

Columbia University Press, New York. 

Bergström, S.M., Chen, X., Gutiérrez-Marco, J.C. & Dronov, A. 2009: The new 

chronostratigraphic classification of the Ordovician System and its relations to major 

regional series and stages and to δ13C chemostratigraphy. Lethaia 42, 97–107. 

Bottjer, D.J., Hagadorn, J.W. & Dornbos, S.Q. 2000: The Cambrian Substrate Revolution. GSA 

Today 10, 1–7. 

Bush, A.M., Bambach, R.K. & Daley, G.M. 2007: Changes in theoretical ecospace utilization in 

marine fossil assemblages between the mid-Paleozoic and late Cenozoic. Paleobiology 33, 

76–97. 



 16 

Carrera, M.C. & Rigby, J.K. 2004: Sponges. In Webby, B.D., Paris, F., Droser, M.L. & Percival, 

I.G. (eds), The Great Ordovician Biodiversification Event, 102–111. Columbia University 

Press, New York. 

Colmenar, J. & Rasmussen, C.M.Ø. (this volume): A Gondwanan perspective on the Ordovician 

Radiation constrains its temporal duration and suggests first wave of speciation to be 

fuelled by Cambrian clades. Lethaia (this volume). 

Crame, J.A. & Owen, A.W. (eds), 2002: Palaeobiogeography and biodiversity change: the 

Ordovician and Mesozoic–Cenozoic Radiations: Geological Society, London, Special 

Publications, 194. 206 pp. 

Crampton, J.S., Cooper, R.A., Sadler, P.M. & Foote M. 2015: Greenhouse-icehouse transition in 

the Late Ordovician marks a step change in extinction regime in the marine plankton. 

Proceedings National Academy of Sciences 113, 1498–1503. 

Droser, M.L. & Sheehan, P.M. 1997: Palaeoecology of the Ordovician Radiation: resolution of 

large-scale patterns with individual clade histories, palaeogeography and environments. 

Geobios, Mémoire Spécial 20, 221–229. 

Droser, M.L. & Finnegan, S. 2003: The Ordovician radiation: a follow-up to the Cambrian 

explosion. Integrative Comparative Biology 43, 178–184. 

Droser, M.L., Fortey, R. & Li, X. 1996: The Ordovician Radiation. American Scientist 84, 122–

131. 

Eble, G.J. 1998: The role of development in evolutionary radiations. In McKinney, M., Drake, L. 

& James, A. (eds), Biodiversity Dynamics: Turnover of Populations, Taxa, and 

Communities, 132–162. Columbia University Press, New York. 

Ernst, A. (this volume). Diversity dynamics of Ordovician Bryozoa. Lethaia (this volume). 

Erwin, D.H., Valentine, J.W. & Sepkoski, J.J.Jr. 1987: A comparative study of diversification 

events: The Early Paleozoic versus the Mesozoic. Evolution 41, 1177-1186.  

Finnegan, S., Rasmussen, C.M.Ø. & Harper, D.A.T. 2016: Biogeographic and bathymetric 

determinants of brachiopod extinction and survival during the Late Ordovician mass 

extinction. Proceedings of the Royal Society, Biological Sciences B 283, 20160007. 

Fortey, R.A. & Cocks, L.R.M. 2005: Late Ordovician global warming — the Boda event. Geology 

33, 405–408. 

Gerrienne, P., Servais, T. & Vecoli, M. 2016: Plant evolution and terrestrialization during 

Palaeozoic times—The phylogenetic context.  Review of Paleobotany Palynology 227, 4–

18. 

Hammer, Ø. 2003: Biodiversity curves for the Ordovician of Baltoscandia. Lethaia 36, 305–314. 



 17 

Haq, B.U. & Schutter, S.R., 2008: A chronology of Paleozoic sea-level changes. Science 322, 

64–68. 
Harper, D.A.T. 2006: The Ordovician biodiversification: Setting an agenda for marine life. 

Palaeogeography, Palaeoclimatology, Palaeoecology 232, 148-166. 

Harper, D.A.T. 2010: The Ordovician brachiopod radiation: roles of alpha, beta and gamma 

diversity. Special Paper, Geological Society of America 466, 69–83. 

Harper, D.A.T., Li, J., Munnecke, A., Owen, A.W., Servais, T. & Sheehan, P.M. 2011: 

Concluding IGCP 653: towards a holistic view of Ordovician and Silurian Earth Systems. 

Episodes 34, 32–38. 

Harper, D.A.T., Rasmussen, C.M.Ø., Liljeroth, M., Blodgett, R.B., Candela, Y., Jin J., Percival, 

I.G., Rong J., Villas, E. & Zhan R.B. 2013: Biodiversity, biogeography and 

phylogeography of Ordovician rhynchonelliform brachiopods. Geological Society, 

London, Memoirs 38, 127–144.  

Harper, D.A.T., Zhan, R.B. & Jin, J. 2015: The Great Ordovician Biodiversification Event: 

reviewing two decades of research on diversity's big bang illustrated by mainly brachiopod 

data. Palaeoworld 24, 75–85. 

Harper, D.A.T., Popov, L.E. & Holmer, L.E. 2017: Brachiopods: origin and early history. 

Palaeontology 60, 10.1111/pala.12307. 

Hints, O., Delabroye, A., Nõlvak, J., Servais, T., Uutela, A. & Wallin, Å. 2010: Biodiversity 

patterns of Ordovician marine microphytoplankton from Baltica: Comparison with other 

fossil groups and sea-level changes. Palaeogeography, Palaeoclimatology, Palaeoecology 

294, 161–173.  

Holland, S.M., 1997: Using time/environment analysis to recognize faunal events in the Upper 

Ordovician of the Cincinnati Arch. In Brett, C.E. & Baird, G.C. (eds), Paleontological 

Event Horizons: Ecological and Evolutionary Implications, 309–334. Columbia University 

Press, New York. 

Klug, C., Kröger, B., Kiessling, W., Mullins, G.J., Servais, T., Frýda, J., Korn, D. & Turner, S., 

2010: The Devonian nekton revolution. Lethaia 43, 465–477. 

Kröger, B. & Lintuukakso, K. 2017. RNames, a stratigraphical database designed for the statistical 

analysis of fossil occurrences - the Ordovician diversification as a case study. 

Palaeontologica Electronica 20.1.1T, 1–12. 

Lefebvre, B., El Hariri, K., Lerosey-Aubril, R., Servais, T. & Van Roy, P. 2016: The Fezouata 

Shale (Lower Ordovician, Anti-Atlas, Morocco: a historical review. Palaeogeography, 

Palaeoclimatology, Palaeoecology 460, 7-23.  



 18 

Lefebvre, V., Servais, T., François, L. & Averbuch, O. 2010: Did a Katian large igneous province 

trigger the Late Ordovician glaciation? A hypothesis tested with a carbon cycle model. 

Palaeogeography, Palaeoclimatology, Palaeoecology 296, 310-319.  

Lenton, T.M., Crouich, M., Johnson, M., Pires, N., Dolam, L. 2012: First plants cooled the 

Ordovician. Nature Geosciences 5, 86–89. 

Lindskog, A., Costa, M.M., Rasmussen, C.M.Ø., Connelly, J.N. & Eriksson, M.E. 2017: Refined 

Ordovician timescale reveals no link between asteroid breakup and biodiversification. 

Nature Communications 8, 14066. 

Martin, R.E. 2003: The fossil record of biodiversity: nutrients, productivity, habitat area and 

differential preservation. Lethaia 36, 179–194. 

Martin, R.E., Quigg, A. & Podkovyrov, V. 2008: Marine biodiversification in response to 

evolving phytoplankton stoichiometry. Palaeogeography, Palaeoclimatology, 

Palaeoecology 258, 277–291. 

Masuda, R. & Ezaki, Y. 2009: A great revolution of the Earth-surface environment: Linking the 

bio-invasion onto the land and the Ordovician radiation of marine organisms. 

Paleontological Research 13, 3–8. 

Miller, A.I., 1997a: Comparative diversification dynamics among palaeocontinents during the 

Ordovician Radiation. Geobios, Mémoire Spécial 20, 397–406. 

Miller, A.I., 1997b: A new look at age and area: the geographic and environmental expansion of 

genera during the Ordovician radiation. Paleobiology 23, 410–419. 

Miller, A.I., 1997c: Dissecting global diversity trends: examples from the Ordovician Radiation. 

Annual Review of Ecology, Evolution and Systematics 28, 85–104. 

Miller, A.I. 2004: The Ordovician Radiation. In Webby, B.D., Droser, M.L., Paris, F. & Percival, 

I. (eds), The Great Ordovician Biodiversification Event, 72–76. Columbia University 

Press, New York. 

Miller, A.I. & Mao, S. 1995: Association of orogenic activity with the Ordovician radiation of 

marine life. Geology 23, 305–308. 

Miller, A.I. & S. Mao. 1998. Scales of diversification and the Ordovician radiation; In McKinney, 

M.L. & Drake, J.A. (eds), Biodiversity Dynamics: Turnover of Populations, Taxa, and 

Communities, 288–310. Columbia University Press, New York. 

Munnecke, A., Calner, M., Harper, D.A.T., Servais, T. 2010. Ordovician and Silurian sea-water 

chemistry, sea level and climate: a synopsis. Palaeogeography, Palaeoclimatology, 

Palaeoecology 296, 389–413.  



 19 

Nardin, E. & Lefebvre, B. 2010: Unravelling extrinsic and intrinsic factors of the early Palaeozoic 

diversification of blastozoan echinoderms. Palaeogeography, Palaeoclimatology, 

Palaeoecology 294, 142–160.  

Nardin, E., Goddéris, Y., Donnadieu, Y., Le Hir, G., Blakey, R.C., Pucéat, E. & Aretz, M. 2011: 

Modeling the early Paleozoic long-term climatic trend. Geological Society America 

Bulletin 123, 1181–1192. 

Nowak, H., Servais, T., Monnet, C., Molyneux, S.G. & Vandenbroucke, T.R.A. 2015: 

Phytoplankton dynamics from the Cambrian Explosion to the onset of the Great 

Ordovician Biodiversification Event: a review of Cambrian acritarch diversity. Earth-

Science Reviews 151, 117–131. 

Nützel, A. & Frýda, J., 2003: Paleozoic plankton revolution: evidence from early gastropod 

ontogeny. Geology 31, 829–831.  

Nützel, A., Lehnert, O. & Frýda, J. 2006: Origin of planktotrophy – evidence from early molluscs. 

Evolution & Development 8, 325–330. 

Paris, F., Achab, A., Asselin, E., Chen, X.-H., Grahn, Y., Nõlvak, J., Obut, O., Samuelsson, J., 

Sennikof, N., Vecoli, M., Verniers, J., Wang, X.-F. & Winchester-Seeto, T. 2004: 

Chitinozoa. In Webby, B.D., Paris, F., Droser, M.L. & Percival, I.G. (eds), The Great 

Ordovician Biodiversification Event, 294–311. Columbia University Press, New York. 

Patzkowsky, M.E. 1995: Ecologic aspects of the Ordovician radiation of articulate brachiopods. In 

Cooper, J.D., Droser, M.L. & Finney, S.C. (eds), Ordovician Odyssey: Short Papers, 7th 

International Symposium on the Ordovician System. Pacific Section Society for 

Sedimentary Geology (SEPM), Book 77, 413–414. Fullerton, California. 

Payne, J.L. & Finnegan, S. 2006: Controls on marine animal biomass through geological time. 

Geobiology 4, 1–10.  

Peterson, K.J. 2005: Macroevolutionary interplay between planktic larvae and benthic predators. 

Geology 33, 929–932. 

Pohl, A., Nardin, E., Vandenbroucke, T. & Donnadieu, Y. 2016: High dependence of Ordovician 

ocean surface circulation on atmospheric CO2 levels. Palaeogeography, 

Palaeoclimatology, Palaeoecology 458, 39–51. 

Pohl, A., Donnadieu, Y., Harper, D.A.T, Le Hir, G., Nardin, E. & Servais T. (this volume) 

Possible patterns of marine primary productivity compared to fossil data during the Great 

Ordovician Biodiversification Event. Lethaia (this volume). 

Rasmussen, C.M.Ø., Hansen, J. & Harper, D.A.T. 2007: Baltica: A mid Ordovician diversity 

hotspot. Historical Biology 19, 255–261. 



 20 

Rasmussen, C.M.O, Ullmann, C.V.,  Jakobsen, K.G.,  Lindskog, A.,  Hansen, J., Hansen, T., 

Eriksson, M.E., Dronov, A., Frei, R., Korte, C., Nielsen, A.T. & Harper, D.A.T. 2016. 

Onset of main Phanerozoic marine radiation sparked by emerging Mid Ordovician 

icehouse.  Scientific Reports 6:18884. 

Rong, J., Fan, J., Miller, A.I. & Li, G. 2007: Dynamic patterns of latest Proterozoic-Palaeozoic-

early Mesozoic marine biodiversity in South China. Geological Journal 42, 431-454.  

Rubinstein, C.V., Gerrienne, P., de la Puente, G.S., Astini, R.A. & Steemans, P. 2010: Early 

Middle Ordovician evidence for land plants in Argentina (eastern Gondwana). New 

Phytologist 188, 365–369. 

Saltzman, M.R., Young, S.A., Kump, L.R., Gill, G.C., Lyons, T.W. & Runnegar, B. 2011: Pulse 

of atmospheric oxygen during the late Cambrian. Proceedings National Academy of 

Sciences 108, 3876–3881. 

Schmitz, B., Harper, D.A.T., Peucker-Ehrenbrink, B., Stouge, S., Alwmark, C., Cronholm, A., 

Bergström, S.M., Tassinari, M., & Wang, X.F. 2008: Asteroid breakup linked to the Great 

Ordovician Biodiversification Event. Nature Geoscience 1, 49–53. 

Sepkoski Jr., J.J. 1978: A kinetic model for Phanerozoic taxonomic diversity: I. Analysis of 

marine orders. Paleobiology 4, 223–251. 

Sepkoski Jr., J.J. 1979: A kinetic model for Phanerozoic taxonomic diversity: II. Early 

Phanerozoic families and multiple equilibria. Paleobiology 5, 222–251. 

Sepkoski Jr., J.J. 1981: A factor analytical description of the Phanerozoic marine fossil record. 

Paleobiology 7, 36–53. 

Sepkoski, J.J., Jr. 1984: A kinetic model of Phanerozoic taxonomic diveristy. III. Post-Paleozoic 

families and mass extinctions. Paleobiology 10, 246–267. 

Sepkoski Jr., J.J. 1988: Alpha, beta or gamma: where does all the biodiversity go? Paleobiology 

14, 221–234. 

Sepkoski Jr., J.J. 1991: A model for onshore–offshore change in faunal diversity. Paleobiology 

17, 157–176. 

Sepkoski, J.J., Jr. 1995: The Ordovician Radiations: Diversification and extinction shown by 

global genus level taxonomic data; In Cooper, J.D., Droser, M.L. & Finney, S.C. (eds), 

Ordovician Odyssey: Short Papers, 7th International Symposium on the Ordovician 

System. Pacific Section Society for Sedimentary Geology (SEPM),  Book 77,  393-396, 

Fullerton, California.  

Sepkoski Jr., J.J., 1996: Patterns of Phanerozoic extinction: a perspective from global data bases. 

In Walliser, O.H. (ed.), Global Events and Event Stratigraphy in the Phanerozoic. 

http://apps.webofknowledge.com.insu.bib.cnrs.fr/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=2FNF42h81uShrf6IfUt&author_name=Rasmussen,%20CMO&dais_id=65333040&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com.insu.bib.cnrs.fr/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=2FNF42h81uShrf6IfUt&author_name=Ullmann,%20CV&dais_id=1000484856&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com.insu.bib.cnrs.fr/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=2FNF42h81uShrf6IfUt&author_name=Jakobsen,%20KG&dais_id=15765461&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com.insu.bib.cnrs.fr/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=2FNF42h81uShrf6IfUt&author_name=Lindskog,%20A&dais_id=1000511339&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com.insu.bib.cnrs.fr/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=2FNF42h81uShrf6IfUt&author_name=Hansen,%20J&dais_id=6103807&excludeEventConfig=ExcludeIfFromFullRecPage


 21 

Springer, Berlin, 35–51. 

Sepkoski Jr., J.J., 1997: Biodiversity: past, present and future. Journal of Paleontology 71, 533–

539. 

Sepkoski Jr., J.J., 2002: The compendium. In Jablonski, D. & Foote, M. (eds),  A Compendium of 

Fossil Marine Animal Genera. Bulletins of American Paleontology 363, 10–560. 

Sepkoski, J.J., Jr. & Sheehan, P.M. 1983: Diversification, faunal change, and community 

replacement during the Ordovician radiation. In Tevesz, M.J.S. & McCall, P.M. (eds): 

Biotic interactions in recent fossil benthic communities. Plenum, New York.  

Servais, T., Li, J., Stricanne, L., Vecoli, M. & Wicander, R. 2004: Acritarchs. In Webby, B.D., 

Paris, F., Droser, M.L. & Percival, I.G. (eds), The Great Ordovician Biodiversification 

Event, 348-360. Columbia University Press, New York. 

Servais, T., Lehnert, O., Li, J., Mullins, G.L., Munnecke, A., Nützel, A. & Vecoli, M. 2008: The 

Ordovician Biodiversification: revolution in the oceanic trophic chain. Lethaia 41, 99–

109. 

Servais, T., Harper, D.A.T., Li, J., Munnecke, A., Owen, A. W. & Sheehan, P. M. 2009:  

Understanding the Great Ordovician Biodiversification Event (GOBE): Influences of 

paleogeography, paleoclimate, or paleoecology? GSA Today 19 (4/5), 4-10.  

Servais, T., Owen, A.W., Harper, D.A.T., Kröger, B. & Munnecke, A. 2010: The Great 

Ordovician Biodiversification Event (GOBE): the palaeoecological dimension. 

Palaeogeography, Palaeoclimatology, Palaeoecology 294, 99-119. 

Servais, T., Danelian, T., Harper, D.A.T., Munnecke, A. 2014: Possible oceanic circulation 

patterns, surface water currents and upwelling zones in the Early Palaeozoic. GFF 136, 

229–233. 

Servais, T., Perrier, V., Danelian, T., Klug, C., Martin, R., Munnecke, A., Nowak, H., Nützel, A., 

Vandenbroucke, T.R.A., Williams, M. & Rasmussen, C.M.Ø. 2016: The onset of the 

‘Ordovician Plankton Revolution’ in the late Cambrian. Palaeogeography, 

Palaeoclimatology, Palaeoecology 458, 12–28. 

Sheehan, P. M. 1985. Reefs are not so different—they follow the evolutionary pattern of level-

bottom communities. Geology 13, 46–49. 

Sprinkle, J. & Guensburg, T.E., 2004: Crinozoan, blastozoan, echinozoan, asterozoan, and 

homalozoan echinoderms. Acritarchs. In Webby, B.D., Paris, F., Droser, M.L. & Percival, 

I.G. (eds), The Great Ordovician Biodiversification Event, 266–280. Columbia University 

Press, New York,  

Stanley, S.M. 2016.  Estimates of the magnitudes of major marine mass extinctions in earth 



 22 

history.  Proceedings National Academy of Sciences 113, 6325-6334. 

Stigall, A.L. 2010. Using GIS to assess the biogeographic impact of species invasions on native 

brachiopods during the Richmondian Invasion in the Type-Cincinnatian (Late 

Ordovician, Cincinnati Region). Palaeontologica Electronica 13, 5A. 

Stigall, A.L., Bauer, J.E., Lam, A.R. & Wright, D.F. 2017: Biotic immigration events, speciation, 

and the accumulation of biodiversity in the fossil record. Global and Planetary Change 

148, 242–257. 

Trotter, J.A., Williams, I.S., Barnes, C.R., Lécuyer, C. & Nicoll, R.S. 2008: Did cooling oceans 

trigger Ordovician biodiversification? Evidence from conodont thermometry. Science 

321, 550–554. 

Valentine, J.M., 1969: Patterns of taxonomic and ecological structure of the shelf benthos during 

Phanerozoic time. Palaeontology 12, 684– 709. 

Valentine, J.W. 1973: Evolutionary paleoecology of the marine biosphere. Prentice-Hall, 

Englewood Cliffs, New Jersey. 

Walliser, O.H. 1995 (ed.): Global events and event stratigraphy. Springer. 

Webby, B. D. 2002. Patterns of Ordovician reef development. In Kiessling, W., Flügel, E. & 

Golonka J. (eds), Phanerozoic Reef Patterns. SEPM (Society for Sedimentary Geology), 

Special Publication 72, 129–179 

Webby, B.D. 2004a. Introduction. In Webby, B.D., Paris, F., Droser, M.L. & Percival, I.G. (eds), 

The Great Ordovician Biodiversification Event, 1–37. Columbia University Press, New 

York. 

Webby, B.D. 2004b. Stromatoporoids. In Webby, B.D., Paris, F., Droser, M.L. & Percival, I.G. 

(eds), The Great Ordovician Biodiversification Event, 112–118. Columbia University 

Press, New York. 

Webby, B.D., Paris, F., Droser, M.L. & Percival, I.G. (eds) 2004: The Great Ordovician 

Biodiversification Event. Columbia University Press, New York. 

Webby, B.D., Elias, R.J., Young, G.A., Neuman, B.E.E. & Kaljo D. 2004b. Corals. In Webby, 

B.D., Paris, F., Droser, M.L. & Percival, I.G. (eds), The Great Ordovician 

Biodiversification Event, 124–146. Columbia University Press, New York. 

Zhan R.B. & Harper, D.A.T. 2006: Biotic diachroneity during the Ordovician Radiation: 

Evidence from South China. Lethaia 39, 211–226. 

 

 

 



 23 

  



 24 

Figures and captions: 
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Figure 1: Stratigraphic distribution of the main Fossil-Konservat-Lagerstätten in the Lower 

and Middle Palaeozoic (Cambrian – Devonian). For the definition of the terms Cambrian 

Substrate Revolution, Ordovician Plankton Revolution and Devonian Nekton Revolution, the 

reader is referred to Bottjer et al. (2000), Servais et al. (2008, 2010), and Klug et al. (2010) 

respectively.  The ‘Furongian gap’ is the late Cambrian interval with low diversities of fossil 

marine invertebrates between the Cambrian Explosion and the Great Ordovician 

Biodiversification Event.  

 

 

 

Figure 2: The Great Ordovician Biodiversification Event illustrated by the genus-level 

diversity trend of occurrence data, compiled by Kröger & Lintulaakso (2017). Three distinct 

phases of diversifications represent the planktonic, benthic and reef-building organisms. For 

explanations see text.  
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Figure 3: The onset of the ‘Plankton Revolution’ in the late Cambrian, illustrated by middle-

late Cambrian–Early Ordovician biodiversity estimates, modified after Servais et al. (2016).  

 



 27 

 
 

Figure 4: Ordovician generic brachiopod diversity, illustrating changing diversity through the 

seven Ordovician time slices, indicated by maximum number of genera and maximum 

number of localities together with extinction and origination curves, modified after Harper et 

al. (2013, fig. 11.1.). 
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 Figure 5: Diversity trends during the Ordovician of reef-building organisms. Generic 

bryozoan diversity based on Ernst (this volume), specific sponge diversity based on Carrera & 
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Rigby (2004), specific stromatoporoid diversity based on Webby (2004b), specific coral 

diversity based on Webby et al. (2004b).   

 

 
Figure 6: Synthesis of the Great Ordovician Biodiversification Event, modified after Algeo et 
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al. (2016). Mean standing diversity of marine invertebrates compiled by Kröger & 

Lintulaakso (2017); sea-level curve after Haq & Schutter (2008); carbon isotope curve after 

Bergström et al. (2009); long term cooling trend after Nardin et al. (2011), evolution of land-

plants after Gerrienne et al. (2016). HICE: Hirnantian carbon isotope excursion; GICE : 

Guttenberg carbon isotope excursion; MDICE: mid-Darriwilian carbon isotope excursion.  
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