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Abstract. The Ordovician biodiversification is considered one of the most significant radiations in the marine
ecosystems of the entire Phanerozoic. Originally recognized as the ‘Ordovician Radiation’, a label retained dur-
ing most of the 1980s and 1990s, the term ‘Great Ordovician Biodiversification Event’ (GOBE) was coined in the
late 1990s and was subsequently adopted by most of the scientific community. The Ordovician biodiversification,
has always been considered as a long-term adaptive radiation, resulting in the sum of the different individual
diversifications of all groups of marine organisms that occurred diachronously during the entire Ordovician.
More recently, based on different palaecontological datasets, comprising data from different palacogeographical
areas, the Ordovician radiation has been interpreted to occur at different times in different places. This is most
probably related to the palaeogeography of the Ordovician, when the major palaeocontinents were variously
located in low latitudes to develop biodiversity ‘hotspots’ during different time intervals. In particular, some
authors, using the potentially biased dataset of the Paleobiology Database (PBDB), have considered the GOBE
to be an early Middle Ordovician global bio-event. Accordingly, the GOBE thus apparently corresponds to a
relatively short time interval, with dramatic diversity fluctuations resulting in a profound change in marine
environments at a global scale, visible by a major pulse in biodiversification of all fossil groups around the
world. A critical analysis of the published biodiversity curves and of our own data confirm the traditional view;
the Ordovician radiation is a complex, long-term process of multiple biodiversifications of marine organisms.
Rapid increases in diversity can be identified for some fossil groups, at regional or palaeocontinental levels, in
particular within limited datasets. However, a short, dramatic event that triggered major biodiversity pulses of
all fossil groups at a global level at a particular time interval is an oversimplification.

Keywords: biodiversity, Geobiodiversity Database, Great Ordovician Biodiversification Event, Paleobiology
Database, radiation

Introduction

Since the dawn of the investigation of biodiversity
during the Phanerozoic, i.e., the attempt to understand
the evolution of marine and terrestrial ecosystems dur-
ing Earth history, the idea of the major impact of global,
rapid catastrophic events on the evolution of organisms
has been repeatedly presented. The question of the abrupt
origin of marine life during the Cambrian already puzzled
Charles Darwin (1809-1882), for whom the sudden burst
or creation of life was a major dilemma. However, Darwin
surmised correctly that there must have been an incred-
ibly long period of evolution prior to the appearance of
trilobites and such in the fossil record. Mass extinction of
‘Tertiary’ taxa in the Paris Basin formed the basis for the
George Cuvier’s (1769-1832) cult of catastrophism.
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In the last few decades the extinction of the dinosaurs
near the Cretaceous—Paleogene boundary related to a
gigantic and catastrophic meteorite impact has gained
substantial media attention (Alvarez et al., 1980). Fol-
lowing this major discovery and its large impact on the
wider public, the search for dramatic triggers for such
mass extinctions has been the focus of many palaeon-
tological studies in more recent years (e.g. Bond and
Grasby, 2017).

Consequently, are the radiation and diversification of
organisms in the fossil record the result of more or less
dramatic events in Earth history? In this context, the
apparently sudden appearance of life during the earli-
est Cambrian, that puzzled Darwin, has been considered
by many as corresponding to an ‘explosive’ process that
took place during a very short time-interval. Simplistic
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scenarios (e.g. Fox, 2016) regularly promote the excit-
ing story of the ‘Cambrian Explosion,” although it is now
understood that this ‘explosion’ was not a sudden burst
of diversification, but a long-term evolutionary process
that started in the late Precambrian and lasted throughout
most of the Cambrian (e.g. Briggs, 2015; Zhu et al., 2017,
Zhuravlev and Wood, 2018; Beasecker et al., 2020).

What happened in marine ecosystems after the Cam-
brian ‘explosion?” The Ordovician radiation was first
recognized by Sepkoski (1978) based on his fossil com-
pendium of marine invertebrate organisms (Sepkoski,
1982, 1992, 2002). Most authors considered it as a
complex, long-term evolutionary radiation following
the Cambrian ‘explosion’ (e.g. Droser et al., 1996). The
term ‘Ordovician Radiation’ was largely adopted (e.g.
Sepkoski and Sheehan, 1983; Droser and Sheehan, 1997;
Harper, 20006), although it was clear for most palaecontolo-
gists that it was an accumulation of numerous, individual
radiations, clearly demonstrated by several authors (e.g.
Sepkoski and Sheehan, 1983; Sepkoski, 1995; Miller,
2004).

In the frame of the ‘International Geological Correla-
tion Programme’ (now named ‘International Geoscience
Programme’, IGCP) no. 410, from 1997 to 2002 (Webby
et al., 2004a), the term ‘The Great Ordovician Biodiver-
sification Event’ was introduced, and due to the large
international success of the project, this term has largely
been adopted by the geological and palacontological com-
munity (e.g. Servais et al., 2009). The acronym ‘GOBE’
similarly became very popular and is commonly used
today. However, never was ‘The Great Ordovician Biodi-
versification Event’ considered as being related to a single
geological ‘event’ (Servais and Harper, 2018). The origin
of the terminology ‘The Great Ordovician Biodiversifica-
tion Event,” proposed in 1996 to the UNESCO and the
International Union of Geological Sciences (IUGS) as
the title for an IGCP project, can easily be placed in the
societal context of (bio-) stratigraphical studies in the late
1990s, that were at that time largely focused on geologi-
cal events and event stratigraphy (e.g. Walliser, 1996a).

More recently, however, some authors have proposed
more restricted time intervals of more or less short dura-
tions for the Ordovician radiation, based on biodiver-
sity curves that were produced on the basis of datasets,
considered as global by the authors (e.g. Kroger et al.,
2019; Rasmussen et al., 2019; Fan et al., 2020). While
the first authors (Kroger et al., 2019; Rasmussen et al.,
2019) based their interpretation of a short GOBE in the
Middle Ordovician on analyses of the Paleobiology Data-
base (PBDB), the last authors (Fan et al., 2020) identi-
fied a = 30 myr long GOBE in the late Cambrian and
Early Ordovician, in the biodiversity curves generated
by the Geobiodiversity Database (GBDB). In addition, in
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some recent publications, the Ordovician radiation, i.e.,
the ‘Great Ordovician Biodiversification Event,” has been
promoted by a few authors (e.g. Rasmussen et al., 2019;
Stigall et al., 2019) as a very short, global ‘event’, which
is in clear contradiction to the definition and the general
understanding of the term.

In the present study, we compare the various biodiver-
sity curves published recently, based on datasets in the
PBDB and the GBDB, respectively, and we include our
own observations, to understand if sufficient evidence is
provided to recognize a short global bio-event, or if, on
the other hand, the traditional view of a long-term radia-
tion can be sustained.

Ordovician Radiation or ‘Great Ordovician Biodi-
versification Event?’

Cataclysm or Transformism?

A dispute existed already in the early 1800s between
scientists in favour of a ‘catastrophism’ or ‘cataclysm’
and those who believed that the evolution of life follows
the rules of ordinary processes, i.e., in some sort of ‘trans-
formism.” It was in France, the birthplace of the disci-
pline of palaeontology, that the historical debate started
(e.g. Servais et al., 2012). Georges Cuvier (Jean Léopold
Nicolas Frédéric Cuvier, 1769-1832), who is today gen-
erally considered as the founder of palacontology and
of comparative anatomy as a scientific discipline, estab-
lished the concept of ‘catastrophism.” He presented his
first palaecontological studies at the Académie des Sci-
ences in Paris in 1796, and his view of biological events
was largely accepted during the first part of the 19t
century. Subsequently, Jean-Baptiste Pierre Antoine de
Monet de la Marck (Jean-Baptiste Lamarck, 1744—1829),
who is considered as one of the founders of biology as life
science and of invertebrate palaeontology as an indepen-
dent discipline, developed the concept of ‘transformative
evolution’ that is today considered a pre-Darwinian evo-
lutionary theory.

Today, it appears evident that Cuvier’s view was
strongly biased and influenced by the position of the
Christian Church, that generally accepted the undis-
puted concept of the Deluge, i.e., faunal changes in Earth
History must have been the result of catastrophes, as
explained in Genesis, the first book of the Christian Old
Testament. Following Lamarck’s initial studies, it was not
until Charles Darwin that the ideas of evolutionary theory
became generally accepted, in particular after the major
publication ‘On the Origin of Species,” when Darwin
(1859) developed the concept of gradualism in the evolu-
tion of organisms.
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Evolution or revolution?

Was the evolution of marine and terrestrial ecosystems
triggered by short-lived geological (or extra-terrestrial)
processes, or were they just a consequence of normal geo-
logical processes (for example, regular trangressions and
regressions), are questions that have been raised many
times. The presentation of catastrophic events regularly
attracts the attention of the scientific community and the
wider public. In the context of understanding the increase
and decrease of biodiversity over time, extraordinary pro-
cesses, such as the impact of meteorites, or the dramatic
effects of earthquakes with the tsunamis that accompany
them, or volcanic explosions, for example, have a much
more emotional appeal than more continuous geological
processes. A title of a scientific presentation or publica-
tion with phrases including ‘mass extinction’ or ‘cata-
strophic event’ clearly attracts more readers than a title
that includes ordinary terms such as ‘diversity decrease’
or ‘community change.’

The scientific argumentation about a giant bolide
impact at the Cretaceous—Paleogene (K-T) boundary by
Alvarez et al. (1980) as a catastrophic cause of the mass
extinction certainly re-animated an old debate. Together
with the identification of five major mass extinctions by
Raup and Sepkoski (1982), the catastrophic nature of ter-
restrial (geological) or extraterrestrial processes became
very popular and played a major role in the scientific dis-
cussions in the last four decades (e.g. Bond and Grasby,
2017). In addition, the potential cyclicity of major mass
extinctions, of about 26 million years (Raup and Sepkoski,
1984), also attracted the scientific community. Periodici-
ties in fossil-range data have been established by several
authors, with cycles of about 60 myr (e.g. Rohde and
Muller, 2005; Melott et al., 2012; Melott and Bambach,
2014) for which the causes remain unknown. However,
Erlykin et al. (2017) provided evidence that the period-
icities are statistically weak and indicated that the claim
of regular astronomical phenomena contributing to mass
extinctions is not well founded.

Major bio-events were the reason to subdivide the Pha-
nerozoic into different time units, originally defined as
‘Systems,” ‘Series’ and ‘Stages’ in order to delimit differ-
ent stratigraphical units at different scales. Clearly visible
changes in the fossil composition of different rock units
lead to the first view of three major radiations during the
Phanerozoic of Phillips (1860). A major question, over
two centuries old, is do rapid worldwide simultaneous
changes in the geological and the palacontological record
really exist, or are they just driven by uniform geological
processes.

The same question arises when we look at the early
Palaeozoic biodiversification that includes the Cambrian
‘explosion’ and the ‘Great’ Ordovician Biodiversifica-
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tion ‘Event’: do we see catastrophic, dramatic ‘events’
and ‘revolutions’ in the fossil record, or is there simply
gradual evolution, with a slow expansion of the palaeo-
ecosystems?

Radiation or Event?

A cursory review of the literature reveals that differ-
ent terms are used to describe the same process. Whereas
some authors and editors, for example, Zhuravlev and
Riding (2001a) support the ‘Cambrian Radiation,” others
clearly prefer the term ‘Cambrian Explosion’ (e.g. Erwin
and Valentine, 2013).

Similarly, for the Ordovician, some authors and editors
use the ‘Ordovician Radiation’ (e.g. Droser et al., 1996),
whereas today terminologies including the words ‘Great’
and ‘Event’ attract significant attention: the ‘Great Ordo-
vician Biodiversification Event’ clearly has dominated
the titles of publications related to the Ordovician evolu-
tion of ecosystems in the last two decades (see a summary
and discussion in Servais and Harper, 2018).

A radiation can be considered as an evolutionary and
ecological expansion of life (e.g. Zhuravlev and Riding,
2001b). An adaptive radiation is usually considered as the
evolution of an organism into a variety of morphotypes
adapted to different life habitats and life modes. The term
is common in evolutionary biology to describe the process
of diversification from organisms into a multitude of new
forms, that are adapted to new environments. It is evident
that both the Cambrian and the Ordovician biodiversifica-
tions are adaptive radiations (e.g. Droser and Finnegan,
2003), either as separate radiations, or as a single process
(e.g. Harper et al., 2019). It has, on the other hand, not
been demonstrated so far that the early Palaeozoic radia-
tion resulted from a succession of global ‘events.’

Bio-event, global events, etc.

In his book ‘Global Events and Event Stratigraphy
in the Phanerozoic’ Walliser (1996a) summarized the
results of an international group of experts that focused
their research on various Phanerozoic global events in the
frame of another IGCP project, no. 216 ‘Global Biologi-
cal Events in Earth History.’

Walliser (1996b) noted that bio-events, often related
to significant changes in lithology, were already used by
Cuvier and most of the scientists of the 19th Century to
subdivide the Phanerozoic. Logically, an international
geological correlation programme, such as IGCP no. 216,
is in search of such bio-events, that are the basic research
tools for stratigraphical correlation and the definition of
geological boundaries. However, over time it became
obvious that many stratigraphical boundaries are diachro-
nous, and thus the global coincidence of many geological
events remains an ongoing debate.
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Events are caused by short-term changes in the envi-
ronment that can be the result of terrestrial or extra-
terrestrial forces. Classic short-term terrestrial causes
for a geological event are earthquakes (and their related
tsunamis), or volcanic eruptions. The most obvious extra-
terrestrial triggers of short-term events are the impacts on
Earth, such as meteorite or planetoid impacts. Among the
long-term terrestrial forces the most obvious are plate tec-
tonics, whereas long-term extra-terrestrial forces include
astrophysical forces, cosmic radiation, and also simply
the planetary parameters of the Earth’s motion in the solar
system, including eccentricity, obliquity and precession.
All these forces have an impact on the Earth and the evo-
lution of ecosystems.

It is generally assumed that geological events are short-
lived (e.g. Walliser in Barnes et al., 1996b). Such events
are documented and perceptible in rock successions.
Many sudden changes occur as events in stratigraphical
sections, including lithological, sedimentological, pal-
aeoecological, and geochemical fluctuations. Their study
is the field of event stratigraphy, that can thus be a strati-
graphical research field focused on lithology, sedimentol-
ogy, or geochemistry, respectively. In the late 1980s high
resolution event stratigraphy (HIRES) became very pop-
ular. It was clearly a combination of several event stratig-
raphies (Kauffman, 1988).

Global events are those events that can be traced at
a global level. Many stratigraphical boundaries, in par-
ticular biostratigraphical boundaries are controversial,
because the (first) appearance of a fossil taxon is not
necessarily a global phenomenon, which generates long
debates leading to the definition of boundaries, in par-
ticular of many Global Boundary Stratotype Sections
and Points (GSSP). This is also the case for the early
Palaeozoic, where many of the Cambrian boundaries are
debated, and the Cambrian-Ordovician boundary is being
rediscussed (e.g. Babcock et al., 2015; Miller et al., 2018;
Wang et al., 2019).

Global bio-events are those events that are related to
clearly visible faunal or floral changes, and that can be
recognized at a global scale. For the Ordovician, Barnes
et al. (1996a) recognized five major, ‘higher order’
global bio-events, that were in ascending order, the basal
Tremadoc, basal Arenig, basal Llanvirn, basal Caradoc
and upper Ashgill Bio-Events, i.e., those bio-events that
were placed at some of the boundaries that were used to
define the historical standard British Ordovician Series
for the Ordovician System, as well as the Late Ordovi-
cian extinction ‘event.’

Isotopic events have played a significant role in recent
years; they include positive or negative excursions in iso-
tope ratios that can be recorded in a sedimentary succes-
sion. In a simplified view, the fluctuating isotope ratios
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include those of 8'>C, that are usually used as palaeo-
productivity proxies, of 8'80, that are interpreted as
temperature indicators, of 87Sr/30Sr, that are an indicator
for terrestrial weathering related to orogenies and uplift,
or those of 8!4S, that can be used to recognize oxygen
depletion in the ocean. The latter has been increasingly
used for stratigraphical correlation. However, closer scru-
tiny usually reveals significant inconsistencies and strong
interactions between the different proxies (see review in
Munnecke et al., 2010). Nevertheless, some isotope ratios
have been increasingly used to delimit global stratigraph-
ical horizons (e.g. Cramer et al., 2011a, b).

Ordovician Radiation or ‘GOBE?’

Was there a ‘cataclysm’ during the Ordovician, or can
we apply the rules of ‘transformism?’ Can we observe
uniform, gradual change or a spectacular, dramatic rev-
olution in the ecosystems? Are we facing a long-term
adaptive radiation or a short-term event?

The significant increase in diversities of marine organ-
isms during the Ordovician (Figure 1A) was first recog-
nized, numerically, by statistical analyses of the fossil
compendium compiled by Sepkoski (e.g. 1978, 1982).
Subsequently, the Ordovician biodiversification has been
considered by many authors to be the most significant
increase of marine biodiversity during the entire Phanero-
zoic (e.g. Sepkoski, 1995; Harper, 2006, 2010; Algeo et
al.,2016).

As indicated in the introduction, since the original
studies of Sepkoski, the Ordovician biodiversification
was first described as a ‘Radiation’, and more recently
the ‘Great Ordovician Biodiversifiation Event.” The latter
term was introduced by the co-leaders of IGCP no. 410
and it became very popular, including its suffix ‘event.’
However, it is obvious that none of the co-leaders of
IGCP no. 410 considered the Ordovician radiation as an
‘event.” All three co-leaders used the term radiation for
the Ordovician biodiversification. In their publications,
they never used the term ‘event’ and they never consid-
ered the Ordovician radiation to be a short-lived period
(e.g. Droser et al., 1996; Droser and Sheehan, 1997; Paris
et al.,2004; Webby et al., 2004a; Achab and Paris, 2007).

Today, the Ordovician radiation is considered by most
authors as a long-term, complex adaptive radiation.
Servais and Harper (2018) and Goldman et al. (2020), for
example, follow the traditional concept of the Ordovician
radiation, as a long-term, complex mosaic of numerous
regional biodiversifications. On the other hand, more dra-
matic scenarios have been published by other authors who
restricted the term of the Ordovician radiation. Trotter et
al. (2008) provided geochemical evidence for a global
cooling that coincided with ‘major biodiversity pulses’
(Trotter et al., 2008, fig. 3) in the Middle Ordovician, that,
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Figure 1. Trajectory comparison of Cambrian—Ordovician marine genus-level diversity curves and the different concepts of the Ordovi-
cian radiation. A, diversity curve of Sepkoski (1995): the Ordovician radiations span the entire Ordovician Period. B, PBDB based diversity
curve of Kroger et al. (2019): the ‘GOBE’ spans the major parts of the Middle Ordovician. C, PBDB based diversity curve of Rasmussen et
al. (2019): the ‘GOBE’ is considered to correspond to a short interval in the early Middle Ordovician. D, GBDB based diversity curve of Fan
et al. (2020, fig. 1A): the ‘GOBE’ starts at the base of the Furongian (late Cambrian Series 4) and lasts until the end of the Early Ordovician.
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although reproduced from the same source (Webby et al.,
2004b), do not correspond to the analyses of Servais et
al. (2008, 2010) who clearly indicated that there was no
synchroneity in the diversification pulses of the differ-
ent fossil groups. More recently, Kroger et al. (2019, fig.
1) restricted the term GOBE to the Darriwilian, whereas
Rasmussen et al. (2019) narrowed the concept of the
GOBE to the early Darriwilian. Rasmussen et al. (2019)
noted a particular diversity increase in the PBDB dataset
at that time. Not surprisingly, this interval corresponds to
the diversification pulses on the palaeocontinent of Bal-
tica (e.g. Hammer, 2003; Hints et al., 2010) that moved
during this time interval into low latitudes, to form large
tropical epicontinental shelf areas, that are optimal for
massive biodiversification (e.g. Servais et al., 2009). The
concept of a restricted GOBE was also followed by Sti-
gall et al. (2019). Stigall et al. (2017) previously intro-
duced the term, ‘Biotic Immigration Events’ (BIME), to
document regional biodiversification ‘events,’ such as the
Richmondian Invasion (Holland, 1997; Stigall, 2010).

Biodiversity curves illustrating the Ordovician
radiation

Sepkoski’s compendium and the Ordovician radia-
tions

Sepkoski (e.g. Sepkoski, 1978, 1979, 1981, 1984, 1988,
1995, 1997) published a series of papers based on a multi-
variate statistical analysis of his fossil compendium (e.g.
Sepkoski, 1982, 1992, 2002). He indicated the ranges of
both families and about 37,000 genera of marine inver-
tebrates that formed the basis of his widely-cited diver-
sity curve that has subsequently been reproduced in all
major palaeontology text-books. Sepkoski also defined
the three ‘Great Evolutionary Faunas’ in the marine
invertebrate fossil record, by including different classes
of animals in the three categories that displayed contrast-
ing diversity patterns: the Cambrian, Paleozoic and Mod-
ern Faunas (e.g. Sepkoski and Sheehan, 1983; Sepkoski
and Miller, 1985). In addition, Raup and Sepkoski (1982)
recognized the five major mass extinctions in the marine
fossil record, that have subsequently been used by most
palaecontologists. Sepkoski’s diversity curve (e.g., Sep-
koski, 1981) indicated a rapid rise in the Cambrian and
the Ordovician ‘radiation’ that led to a Palaeozoic ‘pla-
teau,” with the same levels of diversity until the end of the
Permian, when the most severe of all ‘mass extinctions’
was recognized, the Permian—Triassic crisis.

The Ordovician radiation (Figure 1A) was clearly vis-
ible in Sepkoski’s curve who used time bins of approxi-
mately 5 myr to depict the biodiversity signals. After the
Cambrian, the Ordovician showed a massive increase of
the elements of the Paleozoic Evolutionary Fauna. As
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indicated above, Sepkoski (1995) clearly considered the
Ordovician as a period of numerous, diverse radiations.

The Paleobiology Database and an early Middle
Ordovician GOBE ‘event’

The Paleobiology Database, or PBDB (www.paleobiodb.
org), was created in the late 1990s as a collection-based
repository. It is maintained by an international non-
governmental group of palacontologists and is freely
accessible. Over 400 scientists from over 20 countries
have contributed to the database, with a clear majority of
scientists from North America and western and northern
Europe leading to a potential bias. A first major article
was published by Alroy et al. (2008), based on a sam-
pling-standardized analysis of the PBDB. The Phanero-
zoic biodiversity curve of marine invertebrates of Alroy
etal. (2008, fig. 1) used 48 temporal bins of roughly equal
length (averaging 11 myr), with a genus-level diversity
clearly showing a single long-term radiation from the
Cambrian to the early Devonian. Another curve with-
out sampling bias correction (Alroy et al., 2008, fig. 4)
closely resembled Sepkoski’s curve, however.

A large number of biodiversity curves have been gen-
erated from the PBDB and have been published, some
of them in high-impact journals. A major criticism of
some of these studies is the fact that, although includ-
ing an enormous amount of data (over 400,000 taxa), the
dataset remains incomplete, and is mostly concentrated
on the ‘western’ world. Bush and Bambach (2015), for
example, noted that the PBDB analyses did not capture
the Mesozoic—Cenozoic diversification of marine meta-
zoans, simply because they were based on incomplete
data. Similarly, Close et al. (2020) used the fossil occur-
rence data for Phanerozoic tetrapods from the PBDB and
noted that a global signal cannot be obtained, because
of the incompleteness of the record in the dataset. These
authors also indicated that one to two thirds of the varia-
tions in ‘global’ biodiversity curves can be explained by
the regional signals in the dataset. In other words, the
‘global’ signal is not really global. Regarding the Ordo-
vician, most of the data in the PBDB are from North
American and European localities, the regional diversity
trends from Laurentia and Baltica thus potentially influ-
ence strongly the ‘global’ signal in curves generated from
the PBDB.

Rasmussen et al. (2019) published a diversity curve
for the early Palacozoic based on the data available in
the PBDB. The authors recalculated the data in order to
include them in a set of 53 time slices for the early Pal-
aeozoic. In order to correct sampling and preservation
biases, Rasmussen et al. (2019) used different statisti-
cal methods, including the capture-recapture (CR) tech-
nique (Nichols and Pollock, 1983; Connolly and Miller,
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2001; Liow and Nichols, 2010), the shareholder quorum
subsampling method of Alroy (2010) and a new method
of time binning introduced by Kroger and Lintulaakso
(2017). Rasmussen et al. (2019) presented the curve based
on the capture-recapture (CR) modeling, here reproduced
in Figure 1C. Kroger et al. (2019) used the same data-
set and presented a very similar curve (Kroger et al.,
2019, fig. 1; Figure 1B). Both curves (Figure 1B and 1C)
indicate very low diversities in Cambrian Series 1, but a
strong increase of diversity in Cambrian Series 2 (Cam-
brian Stage 3), which corresponds to the massive input of
data in the PBDB that Na and Kiessling (2015) identified
previously. Both Rasmussen et al. (2019) and Kroger et
al. (2019) interpreted this short interval as the Cambrian
Explosion. They thus considered the Cambrian ‘Explo-
sion’ as a diversity signal in their PBDB database, and not
as a palaeobiological concept, as suggested by numerous
authors (e.g. Erwin et al., 2011; Briggs, 2015; Paterson et
al., 2019), who consider the ‘explosion’ to be related to
the relatively short appearance in the fossil record of all
animal phyla, accompanied by the arrival of innovative
body plans (Baupldine). After this initial rise of diversity
in the early Cambrian, the levels remain more or less con-
stant during the remaining parts of the period (Miaolin-
gian and Furongian, i.e., the Cambrian Series 3 and 4)
until the Cambrian—Ordovician boundary. The relatively
high numbers in the biodiversity curves of Rasmussen et
al. (2019) and Kroger et al. (2019) in Cambrian Series 4
are surprising, clearly due to the recalculations with the
capture-recapture (CR) modeling methods, because this
interval in the PBDB includes almost no taxa; input of
fossil data from the late Cambrian is almost totally absent
so far, as discussed by Harper et al. (2019) (see below).

At the Cambrian—Ordovician boundary, the curves of
both studies (Kroger et al., 2019; Rasmussen et al., 2019)
start to show a clear increase, with a step-wise rise of the
biodiversity, during the Early, Middle and Late Ordovi-
cian. The curves (Figure 1B and 1C) show a continuous
trend of diversity increase between Cambrian Epoch
2 and the Late (but not latest) Ordovician. The Ordovi-
cian radiation is thus clearly visible covering the entire
Ordovician. Nevertheless, Rasmussen et al. (2019) con-
sidered the second rapid increase in the Darriwilian to
be the ‘GOBE.” Although it is not fully documented in
that study, however if the ‘global” data are derived from
restricted number of continents, it appears evident that
this rapid increase in the early Middle Ordovician pre-
cisely corresponds to the rapid increase of diversity that
has been recorded on Baltica (e.g. Hammer, 2003; Hints
et al., 2010). Kroger et al. (2019) also considered the
‘GOBE’ to be the interval during the Darriwilian with the
highest rise in diversity and a decrease in relative diver-
sification rates.
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Most surprisingly, in both studies, the authors highlight
a particular, rather short interval of diversity increase in
the PBDB as the main Ordovician ‘event,” although it is
clearly visible, even in their published curves (Figure 1B
and 1C), that the diversity increase is continuous, from
the late Cambrian to the Late Ordovician, as most previ-
ous studies have already indicated.

The Geobiodiversity Database and a 30 myr long
‘GOBE’

The Geobiodiversity Database (GBDB - www.
geobiodiversity.com) was initiated in 2006 and was first
available online in 2007 as an integrated system for the
management and analysis of stratigraphic and palaeon-
tological data (e.g. Fan et al., 2013, 2014). In compari-
son to the PBDB that is collection-based, the GBDB is a
section-based database that includes not only data from
palaecontologists, but also from specialists in sedimentol-
ogy and geochemistry and other related disciplines. The
GBDB is the formal database of the International Com-
mission on Stratigraphy (ICS); the main objective of the
GBDB is to allow stratigraphical correlation and quantita-
tive stratigraphy, developed with the help of several com-
puter programmes, including CONOP (e.g. Sadler, 2001;
Sadler et al., 2009). Originally developed at the Nanjing
Institute of Geology and Palacontology, China, where the
server and the supercomputer (Tianhe II) are located, the
database was designed to compile all data from Chinese
sections, although the global coverage is becoming more
and more important.

The analyses of the GBDB allowed Fan et al. (2020)
to produce a high-resolution summary of Cambrian to
Early Triassic marine invertebrate biodiversity. The
resulting curve, here reproduced in Figure 1D, has been
generated through calculations of billions of iterations
per run, to allow the production of precise genus and spe-
cies level diversity curves for different fossil groups. The
total curve, representing the sum of the different fossil
groups, indicates a sharp increase in diversity in the early
Cambrian (but clearly prior to the onset of the diversity
increase in the PBDB), followed by a ‘pause’ through
the remaining parts of the Cambrian. A short diversity
increase is visible at the end of Cambrian Series 3 with a
short decrease before the Cambrian Series 4. At the base
of the late Cambrian Series 4 starts the ‘GOBE’ of Fan et
al. (2020): the authors related their ‘GOBE’ to a diver-
sity increase in their biodiversity curve, which lasted pre-
cisely 29.72 myr. It started at 497.05 Ma (i.e., in the late
Cambrian, at the base of the Furongian) and lasted until
467.33 Ma (i.e., until the early Middle Ordovician, near
the base of the Darriwilian. Most importantly, the diver-
sity increase ceased after this period. In the late Middle
Ordovician the diversity even decreases. There is clearly
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no major diversity pulse observed on the different tec-
tonic blocks and palaeocontinents that constituted China
during the Darriwilian during this interval.

Where (and what) is the GOBE?

How complete are the databases: the input from fos-
sil groups

The PBDB is highly visible, mostly due to several
publications in high-impact journals, i.e., with publishers
that are generally located in North America and western
Europe. But how complete is the PBDB? Several authors
have already criticized the problem of incompleteness in
the datasets, as indicated above (e.g. Bush and Bambach,
2015; Prothero, 2015; Close et al., 2020).

A quick look at the dataset immediately indicates that
a particular interval in the Cambrian lacks data in the
PBDB: the upper Cambrian Series 4, i.e., the Furongian
Series (that includes the three uppermost Cambrian stages
Paibian, Jiangshanian and the so far unnamed Stage 10),
displays an almost complete lack of data. Two of the three
stages actually show no genus-level occurrences at all in
the PBDB (Harper et al., 2019, fig. 1). The Furongian is
a time interval with few sedimentary rocks preserved, but
sediments are available from several palacocontinents.
However, the lack of continuous sections in some of the
most intensively studied areas most probably contrib-
uted to the absence of investigations, and thus also to the
absence of data in the PBDB. It can also be hypothesized
that few scientists worked in this interval. In summary, it
appears evident that a ‘Furongian Gap’ artificially sepa-
rates two geological intervals characterised by intense
research activity, i.e., the Cambrian and Ordovician radia-
tions (see also Harper et al., 2019).

It also rapidly becomes evident that the PBDB does not
include data from all fossil groups. Harper et al. (2020)
have already noted that for many groups the data in the
PBDB are either absent, or only partly present. For the
enigmatic group of chitinozoans, considered for many
years as one of the key-elements for Ordovician bio-
stratigraphy (e.g. Paris et al., 2004) the exact biological
affinity is still debated (e.g. Liang et al., 2020). Never-
theless, the chitinozoans are a group with a very good
fossil record and with an accurate, precise biodiversifica-
tion trajectory (e.g. Achab and Paris, 2007). Goldman et
al. (2020) provided a detailed biodiversity curve for the
group, based on over 230 taxa from over 1200 sections.
However, there are so far no data in the PBDB related
to the Chitinozoa. Similarly, the data for the Palacozoic
phytoplankton, represented by the acritarchs, are not in
the PBDB. The published biodiversity curves related to
this group are so far entirely based on data that are not
included in the PBDB (e.g. Servais et al., 2004, 2008;
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Nowak et al., 2015; Zheng et al., 2020). Another of the
groups that is totally absent in the PBDB is the scolec-
odonts, i.e. the jaws of polychaete annelid worms. Biodi-
versity curves for this group are available, but no data are
present in the PBDB (e.g. Erikssson et al., 2013).

For many other important early Palacozoic fossil
groups, the PBDB also lacks precise data (see Harper
et al., 2020 for a review). Substantially complete data-
sets have been compiled during several IGCP projects,
in particular the projects no. 410 and no. 503 (Webby
et al., 2004a; Harper et al., 2011), with publications of
diversity curves and palacogeographical distribution pat-
terns that are mostly published in specialized book series
(e.g., Webby et al., 2004b; Harper and Servais, 2013).
It becomes evident that only a fraction of the data pro-
duced are actually available in the PBDB. This situation
is particularly true for the conodonts, graptolites and trilo-
bites. Similar to the chitinozoans, Goldman et al. (2020)
produced a biodiversity curve for the conodonts, based
on over 3750 taxa from over 1200 sections. The same
authors also analyze data from the graptolites from nearly
2300 taxa of over 600 sections, that allow construction of
a diversity curve similar to that of Crampton et al. (2016)
who used the same dataset. Similarly, to the three major
groups used for biostratigraphy in the early Palacozoic
(i.e., graptolites, conodonts and chitinozoans), the data
from the trilobites in the PDBD are also far from com-
plete. Complete datasets used for this last group were
prepared by specialists and are not available in the PBDB
(e.g. Adrain et al., 1998; Adrain, 2013). The situation is
the same for many other groups, like the blastozoan echi-
noderms (e.g. Nardin and Lefebvre, 2010) and bryozoans,
for example (e.g. Ernst, 2018).

The GBDB is constructed differently. It is section-
based and includes the data from almost all fossil groups.
However, the major issue with this database is the fact
that it is essentially focused on data from the different
parts of China (see below).

How global are the databases: the input from palaeo-
continents

Another major issue with the databases is that they
are not complete in terms of global coverage. The curves
based on the datasets from both the PBDB and the GBDB
attempt to provide a global picture, but it quickly becomes
obvious that neither the PBDB (including mainly data
from North America and Europe) nor the GBDB (focused
on Chinese data) are truly global.

The PBDB aspires to global coverage, but so far most
Ordovician data are from North America and western
Europe, i.e., from the palacocontinents of Laurentia,
Baltica and Avalonia. This is also the major reason that
Franeck and Liow (2019) limited their ‘dissection of the
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palaeogeographical dynamics’ of the GOBE to the two
major continents of Laurentia and Baltica. On the other
hand, Fan et al. (2020) noted that the Chinese sections
that generate most of the data in the GBDB are located
on different tectonic blocks (South China including the
Yangtze Platform, but also North China, Tarim, etc.) that
occupied different palaeolatitudes and thus provide a
more global biodiversity pattern. However, it is obvious
that the data do not cover the entire Ordovician world, but
only a fraction of the available shelf areas present dur-
ing the Ordovician. For the Silurian and Devonian, some
European data have been added to the GBDB because
these intervals were poorly represented in the original
(Chinese) dataset.

It is also perfectly well known that many palacogeo-
graphical areas of the Ordovician have not yet been inves-
tigated (e.g. Antarctica, but also major parts of Africa,
etc.), while for other regions (e.g. Latino-America,
Middle East, etc.) the very rich data are not (yet) fully
included in the databases.

Both the GBDB and PBDB thus provide signals that
are not complete in terms of palacogeography, although
the resulting biodiversity curves have been presented as
or are interpreted as ‘global.’

To sum up, it is not surprising to see that the two dif-
ferent datasets provide different signals for the ‘Cambrian
Explosion” and the ‘Great Ordovician Biodiversification
Event.” The onset of the increase of Cambrian data dif-
fers slightly in both datasets, with data from the GBDB
appearing earlier in the fossil record than in the PBDB
(Figure 1). For the Ordovician, the patterns are totally dif-
ferent.

Where are the GOBEs?

In Figure 1, we plot the different ‘global’ biodiver-
sity curves that have been produced in previous stud-
ies: Sepkoski (1995), mostly focused on the Ordovician
data presented in his compendium (Figure 1A), Kroger
et al. (2019, fig. 1a), based on the PBDB (Figure 1B),
Rasmussen et al. (2019, fig. 2a), using basically the same
data (Figure 1C) and Fan et al. (2020, fig. 1A), based
on the GBDB (Figure 1D). All these biodiversity curves
provide a similar signal, with a long-term radiation from
the early Cambrian to the Late Ordovician. Whereas the
recognition of the Cambrian ‘explosion’ differs slightly
in the datasets of the PBDB and GBDB, the concept and
duration of the GOBE are very different.

Sepkoski (1995) considered that the entire Ordovi-
cian Period, from the Tremadocian to the Ashgillian,
documented a continuous increase in diversity, that he
attributed to several radiations (Figure 1A). In his curve,
representing all groups, three more levels of rapid increase
are visible. Sepkoski’s dataset and curves were far from
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complete, but they provided a very good indication, in
particular when considering the data available when they
were drawn. This curve prompts the question, when did
the GOBE, i.e. the Ordovician radiations, start? This was
also the main focus of IGCP no. 653 (2016-2020), that
attempted to understand the ‘onset of the GOBE’ (Harper
and Servais, 2018). The concept of a complex, long-term,
continuous radiation in the Ordovician is one that many
Ordovician specialists accept, following Sepkoski (e.g.
Droser et al., 1996; Webby et al., 2004a; Servais et al.,
2010; Servais and Harper, 2018; Goldman et al., 2020):
the duration of the GOBE spans the entire Ordovician.
The onset of the Ordovician radiations for some groups
may have started in the late Cambrian (e.g. Servais et
al., 2016), but the ‘Furongian Gap’ clearly separates the
Cambrian and Ordovician radiations, as indicated above.

Kroger et al. (2019) defined a short GOBE in the late
Middle Ordovician (Darriwilian Stage) (Figure 1B). They
not only used the increase of diversity for their interpreta-
tion of the GOBE, but also different diversity measure-
ments (such as varying relative diversification rates or
extinction/origination rates). Rasmussen et al. (2019), on
the other hand (Figure 1C), considered the rapid increase
in their biodiversity curve as the GOBE sensu stricto.
This interval corresponds to the diversity increase rec-
ognized from the palacocontinent Baltica, at the base of
the Darriwilian. Finally, Fan et al. (2020), based on the
Chinese data, have proposed a longer GOBE, of about
30 myr duration, starting at the base of the Furongian,
and finishing before the start of the Middle Ordovician
(Figure 1C).

No ‘event’ and ‘no global diversity pulses’

It is tempting to search for spectacular explanations for
an Ordovician ‘event’ rather than to describe a normal,
long-term ‘radiation.” This also affected the search in the
last decades for more or less spectacular or ‘dramatic’
triggers of an Ordovician ‘event.” Was there a terrestrial
or extra-terrestrial event, i.e., a relatively ‘short-lived’
process, that happened during the Ordovician?

Barnes (2004) correlated a mantle superplume with the
GOBE. However, there are no geological traces of such a
plume, with no major basalt trap accumulations preserved.
Lefebvre et al. (2010) tested the hypothesis with a car-
bon cycle model, and indicated that a scenario including
a mantle superplume during the Late Ordovician would
generate the Katian warming event, recognized as the
‘Boda Event’ by Fortey and Cocks (2005), and the sub-
sequent Hirnantian cooling. On the other hand, Schmitz
et al. (e.g. 2008, 2019) provided evidence that the largest
meteorite shower of the entire Earth’s history took place
at ~466 Ma, i.e., during the early Darriwilian. A possible
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link between this large breakup of an L-chondrite parent
body in an asteroid belt and the GOBE focussed on Bal-
tica has been proposed (Schmitz ef al., 2008, 2019), but
Lindskog et al. (2017) pointed out that, in their view, the
precise stratigraphical interval of the meteorite showers
and the diversification do not match. Even if a link with
the ‘GOBE’ sensu Rasmussen et al. (2019) is tempting, it
must be pointed out that at the same interval, the diversity
in the GBDB is falling. We need future, detailed studies to
understand the possible influence of the meteorite shower
on a possible diversification and its global significance.

Other short-lived events, i.e., real global events, have
not been described in the Ordovician. It is more logical
to search for longer-term processes, terrestrial or extra-
terrestrial, to understand the Ordovician radiation, and its
onset. The long-term, terrestrial drivers that are the most
obvious to explain a long-term radiation, that are clearly
visible in the biodiversity curves (Figure 1), are plate tec-
tonic movements, surely with complex multiple triggers.
These have also clearly been related to climate change,
with a general cooling trend in the Ordovician (e.g. Trotter
et al., 2008; Vandenbroucke et al., 2010; Nardin et al.,
2011; Rasmussen et al., 2016). Oxygenation ‘events’ also
played a role, but similarly, they cannot be considered as
true, short-lived ‘events.” Although different, and some-
times completely opposing interpretations are presented
for oxygen levels in the Ordovician (e.g. Munnecke et al.,
2010), there is now general agreement that oxygenation
levels increased during the Ordovician (e.g. Saltzman et
al.,2011; Algeo et al., 2016; Edwards et al., 2017).

If it is difficult to find a short-term geological or extra-
terrestrial event in the Ordovician, do we then see an
interval of ‘major biodiversity pulses’ as postulated by
Trotter et al. (2008), similarly interpreted in Kroger et al.
(2019) and Rasmussen et al. (2019). In terms of the differ-
ent fossil groups, it is obvious that the radiations did not
take place at the same time: the different groups clearly
show different biodiversity ‘pulses’ (Webby et al., 2004b;
Servais et al., 2010; Harper et al., 2020; Goldman et al.,
2020), and not conflated to indicate a single major biodi-
versity ‘pulse’ in the Middle Ordovician, as suggested by
Trotter et al. (2008). These ‘major biodiversity pulses,’
clearly visible in some datasets, may correspond to the
diversity increases in the palacocontinents of Baltica and
Laurentia, but are not recorded in the tectonic blocks that
formed China. The ‘global’ biodiversity curves presented
(Figure 1) most probably result from the input of data
from a selection of the different palacocontinents, and do
not provide a complete picture, in a similar way as Close
et al. (2020) indicated for the ‘global’ signal of the diver-
sity dynamics of terrestrial tetrapods, that is just the sum
of the regional datasets. This observation has already been
made by Paris et al. (2004) for Ordovician chitinozoans.
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We clearly need more detailed studies in future to distin-
guish the regional and ‘global’ signals in our biodiversity
curves for the marine invertebrates in the Ordovician.

Conclusion

1. The Ordovician biodiversification is considered as
one of the most significant intervals of biodiversity
increase in marine ecosystems during the Phanero-
zoic. It was a long-term adaptive radiation, resulting
in the sum of the different individual diversifica-
tions across all fossil groups of marine organisms
globally, that occurred during different intervals and
places during the Ordovician.

2. The ‘global’ datasets of the PBDB and the GBDB
are not really global. The first dataset is mainly
focused on the palacocontinents of Laurentia and
Baltica, whereas the second hosts essentially data
from China. In addition, the PBDB lacks data from
several fossil groups, and for others, the input
remains sporadic and/or incomplete.

3. A global bio-event, constituted by a major pulse in
biodiversification in all fossil groups at a global level
during the early Middle Ordovician, interpreted in
some analyses of the PBDB, is not visible in other
datasets and cannot be confirmed. On the contrary,
the GBDB shows a completely opposite signal for
this early Middle Ordovician interval.

4. The interpretation of the Great Ordovician Biodiver-
sification Event (GOBE), as a short ‘event’ during
the early Middle Ordovician recently recognized
in the Paleobiology Database (PBDB), and, to a
lesser extent, as a biodiversification of £ 30 myr.
in a time interval spanning the late Ordovician and
the Early Ordovician recognized in the Geobiodi-
versity Database (GBDB), are in contradiction with
the definition and the general understanding of the
term. These datasets are neither complete, nor truly
global, although they provide significant regional
signals.

5. The term ‘event’ is misleading for the GOBE. Other
more classical terminologies, such as ‘radiation’ or
‘biodiversification,” are more suitable to designate
the increase of taxonomic diversity during the Ordo-
vician, because they do not imply a dramatic, sudden
or catastrophic nature for the long-term Ordovician
radiation.
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