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Mid-Cretaceous Oceanic Anoxic Events (OAEs) are characterized by deposition of black shale in the
pelagic realm and by the demise of carbonate platforms. These events are assumed to reflect global changes in
climate, chemistry and productivity of ocean waters related to submarine extensive volcanic activities (i.e. Ontong-
Java and Kerguelen Plateaus). A link between OAEs and plankton evolution and turnover (speciation/extinction
rate) has been stressed by several authors (Erbacher & Thurow 1997, Larson & Erba 1999, Leckie et al. 2002) but
the underlying mechanisms remain unclear. On the one hand, increase in nutrient availability and/or modification of
the upper water column should lead to an increase of marine productivity. On the other hand, an excess of CO2 and
low pH of sea water should involve a fall of calcareous plankton diversity (i.e. nannoconids near the OAE1a,
nannoconids and calcified foraminifera for the OAE1b). Either increase in organic productivity, anoxia and low pH
should have modified structure of benthic marine communities. Echinoderms are renowned to become very
abundant in nutrient-rich sea bottoms, where they can form very dense aggregations (Hyman 1955). Anoxia of sea-
bottoms increases the extinction risk of endobenthic forms compared to epibenthic organisms (Aberhan & Baumiller
2003). Therefore, attended effects of OAEs can be traced out from the fossil record by testing simple hypothesis of
changes in benthic marine diversity as response to specific environmental changes.

Spatangoid heart urchins (Echinodermata, Echinoidea) are benthic marine invertebrates and constitute since
the Eocene the most diverse subset of irregular echinoids (Kier 1974). Spatangoids are distinguished from other
irregular echinoids by their burrowing activities. They are specialized to a more or less infaunal mode of life,
burrowing in or ploughing fine sand and muddy sediments in which they feed by ingesting organic remains (Hyman
1955). The ability of several lineages for burrowing deeply into the sediment is understood as the key for their
evolutionary success (Devriès 1960) as they could exploit new food resources formerly unavailable to other
echinoids and could benefit from reduced competition and predation. Therefore, we can expect extinction peak and
higher extinction risks for deep burrowing spatangoids due to anoxia during the OAE’s.

Spatangoids originated in the lower Berriasian (Masrour et al. 2004) and diversified during the whole
Cretaceous. Previous studies showed a continuous diversification trend of the group during the Cretaceous (Eble
1997, 1998, 2000, Villier & Eble 2004). This pattern suggests reduced effect of external forcing of fluctuating
factors, such as variations in plankton productivity on large-scale evolution of spatangoids diversity. However,
analyses undertaken at the generic and specific level showed a more contrasted pattern within the group (Villier
2001, Villier & Navarro 2004, Villier et al. 2004). The diversification was at some time subdued to the
palaeogeographical history, to the settlement in new ecological niches and was associated to selective extinction
peak associated to replacement of dominant clades. The first representatives (species of the genus Toxaster) were
characteristic of offshore environments. Various derived forms colonized warm and shallow waters of shoreface
environments, increasing the range of ecological niches occupied by spatangoids. During the interval
Hauterivian–Aptian, the genus Heteraster was the most frequently encountered spatangoid throughout the Tethyan
margins, occurring in the upper offshore and lower shoreface environments, mainly in orbitoline-rich marls and
limestones (Rey 1972, Masse & Humbert 1976). Heteraster showed several phases of diversification correlated to
the colonization of new palaeogeographical realms and the history of carbonate platforms. From the Hauterivian to
the Barremian, the genus Heteraster diversified in the western Tethys. Its adaptive success was favored by
morphological specialization for more efficient gas exchanges and burrowing abilities, and was coeval to the
colonization of new ecological niches in shallow water platforms at the margins of Urgonian facies. Heteraster
became much more diverse and widespread during the late Barremian and early Aptian. The development of
Urgonian platforms led to a fragmentation of geographic ranges of species, favoring endemism and vicariance.
Heteraster remained the most frequent and diversified spatangoid throughout the Aptian, however, new lineages
differentiated in shallow waters by the end of the early Aptian, each with adaptive strategies to improve gas
exchanges: the earliest member of a Macraster/Douvillaster clade (Douvillaster convexus) and of the Micrasteridae
(Epiaster polygonus). Near the Aptian-Albian boundary, spatangoids experienced a second phase of diversification
associated to the colonization of the American continent. Various independent lineages achieved this migration (at
least four in Heteraster, one in Macraster, one in Palhemiaster). Heteraster, Douvillaster and Macraster remained



the most common forms but the Albian was marked by the clear differentiation of the primitive representatives of
the family Micrasteridae, Hemiasteridae and Schizasteridae – primitive members of all modern groups.
Hemiasteridae (Hemiaster) specialized to muddy substrates of offshore environments and to cool shallow water
carbonates whereas the family Schizasteridae (Mecaster, Periaster and Polydesmaster) adapted to shallow and
warmer waters. In the late Albian, the genus Heteraster migrated to Japan and diversified there, whereas it declined
elsewhere. In the lower Cenomanian, the Schizasteridae rapidly diversified and became a majority. At the same
time, the diversity of the genus Douvillaster decreased and the genera Heteraster and Macraster became extinct.
The demise of Macraster, Douvillaster and Heteraster might have been caused by competition with the diversifying
Schizasteridae that evolved more efficient structures for gas exchanges and burrowing in shallow water
environments. Late Cenomanian and further Cretaceous spatangoid communities were structured with
Schizasteridae and some Hemiasteridae in upper offshore and shoreface environments, and Micrasteridae in mid
shelf zone.

The diversification of spatangoids occurred in successive steps under the control of both biotic and
environmental factors:
1 – The increase in taxonomic diversity seems linked to diversification of the occupied adaptive zones, the most
crucial changes reflecting adaptation to warm waters through improvement of gas exchanges and to burrowing
through modification of the locomotory apparatus, and differentiation of funnel-building tube feet. Therefore, clade
replacement might be due to competition.
2 – During the early history of spatangoids (Berriasian to Albian), every colonization of new paleogeographical
domains (southern and northern margins of the Tethys, American continent, Japan) is associated with a
diversification, the species richness per genus being similar from a region to another (Villier & Navarro 2004).
3 – From the Barremian to the lower Turonian, high sea levels of the second-order (sensu Gradstein et al. 1994) are
associated to the development of platforms and shallow water environments, which favors endemism and thus
increases in species richness. Associated to regional tectonics, sea-level fluctuations also drive the opening and
closure of migration routes (e.g. through the Central Atlantic).

Some of the OAEs occurred at (or close to) the time of changes in spatangoids diversity: OAE1a (early
Aptian) at the date of differentiation of major groups, OAE1b (Aptian-Albian boundary) at the date of migration to
the American continent; OAE1d (late Albian) at the date of migration to Japan. However, it remains unclear how
OAEs and diversification or extinction of spatangoids could be related. If there is little evidence of a direct control
of mid-Cretaceous OAEs and plankton productivity on spatangoids diversification, the associated climatic changes
(sea water temperature) and sea level changes should be critical factors for turnover of species and regional
extinction or diversification. Nevertheless, at a global scale and at a higher taxonomic level, OAEs do not lead to
major diversity changes or selective extinction of deep burrowing forms.
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