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The Palaeozoic phytoplankton principally comprised the acritarchs and the phycomata of
prasinophyte green algae. However, other algae are known to have occurred, including
representatives of the Zygnemataceae (e.g., Circulisporites), Botryococcaceae (e.g., Botryococcus),
Hydrodictyaceae (e.g., Deflandrastrum) and possible Scenedesmacaceae (e.g., Morcoa). The
phytoPal project, which started in 2003 and has been funded by the Leverhulme Trust, has sought
to determine the timing, extent and nature of the biodiversity fluctuations in these phytoplankton
groups through the Palacozoic.

To determine the diversity of the Palaeozoic phytoplankton we have constructed a relational
database using Microsoft Access. This database holds the records of more than 1000 genera and
over 6000 taxa of specific and subspecific rank. We have included both taxonomic and
stratigraphical information, for example synonyms, homonyms, the age of the nomenclatural type
and other reported occurrences. To obtain the stratigraphical data we have, so far, incorporated
over 14,000 documented occurrences of individual taxa into the database.

Here we present our results on the diversity changes that occurred in the Palacozoic
phytoplankton. It is important to note that the modern phytoplankton are intimately linked to the
Earth's ocean-atmosphere system. Thus, our analysis is designed to reveal how the phytoplankton
responded to the significant changes in Earth's climate that occurred throughout the studied
interval. In addition, we have also examined the relationship between the diversity of the
phytoplankton, forming the base of the marine food web, and the important origination and
extinction events in the Palaeozoic metazoans.
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The diversity of the Palacozoic phytoplankton increased through the Cambrian to a peak in the
Middle Ordovician, Darriwilian Stage, before declining towards the end of the Ordovician. The
diversity of the phytoplankton in the Silurian and Devonian was largely comparable, but a notable
decline in diversity occurred at the Silurian-Devonian boundary. The most significant decline in
phytoplankton diversity occurred in the latest Devonian and Early Carboniferous, and low diversity
floras with mostly simple morphologies have been documented from the Late Carboniferous and
Permian. The diversity fluctuations have been tested to determine whether they reflect differences
in the relative amount of time sampled and no correlation was observed. However, some
similarities can be discerned between Palacozoic phytoplankton diversity and the amount of
research input. The diversity curve can also be related to models of sea-level change, climatic shifts
(e.g. icehouse and greenhouse conditions), variations in atmospheric CO; and O,, and changes in
seawater chemistry.
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Environmental factors including light, temperature, salinity, nutrients, water depth, circulation
patterns, and latitude contribute to the distribution, abundance, and diversity of present-day marine
phytoplankton. These same factors are most likely to have also affected the Palacozoic marine
phytoplankton, which was dominated by organic-walled acritarchs and prasinophytes.

The late Silurian (Ludlow and Pridoli) through the earliest Devonian (early Lochkovian) was a
time, not only of major compositional change in the marine organic-walled phytoplankton, but also
important changes in the palacogeography, palacooceanography, and geochemistry of the world as
well. Innovative morphologies appeared in high latitude assemblages during the late Silurian,
although overall diversity decreased elsewhere, and marine transgressions along the margin of
Gondwana apparently led to the emergence of new taxa during the early Devonian.

Observed changes in biodiversity during the nine-million year period of the Ludlow through
earliest Lochkovian were based on organic-walled microphytoplankton data derived from
published and unpublished stratigraphic sections where independent age control was firmly
established. Regional biodiversity changes for the organic-walled microphytoplankton were then
determined for low latitude warm water areas (Avalonia, Baltica, and Laurentia) and the middle to
higher latitude temperate to cool water regions of northern Gondwana.

The late Silurian-earliest Devonian organic-walled phytoplankton was divided into three major
categories to facilitate comparison between geographical areas and to determine compositional
changes. The three categories are: marine chlorophytes and prasinophytes, marine acritarchs, and
nonmarine types, including coenobial forms. This tripartite grouping is based on overall
morphology, and within each category is detailed enough to mark critical changes in the
paleoenvironment as well as the phytoplankton assemblage.
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A well-preserved and diverse assemblage of palynomorphs was recovered from a river section
and nearby roadside outcrop at Bermejo, Santa Cruz Province, Bolivia, approximately 80 km
southwest of Santa Cruz. Six productive samples were taken from sandstones and shales assigned
to the uppermost few metres of the Upper Devonian Iquiri Formation. Eighteen productive samples
were recovered from the lower 17 m of the overlying diamictites. This approximately 38 m thick
unit constitutes the Itacua Formation, which has been described in the past as “Early
Carboniferous” and as “Devono-Carboniferous” in age. Regionally, the Itacua Formation
unconformably overlies the Iquiri Formation, but in the Bermejo section, the contact is sheared.
Spot samples from basal sandstones of the Tupambi Formation, which overlies the Itacua
Formation, all proved barren.

The assemblage is dominated by acritarchs and prasinophytes, all of which show the same
degree of thermal maturity and are typically well preserved. The miospore assemblage is less
diverse than the acritarchs and prasinophytes, but is equally well preserved. The miospore
assemblage includes stratigraphically restricted taxa such as Refispora lepidophyta, Rugospora
famenensis and Vallatisporites pusillites, all of which are definitive of a latest Devonian (late
Famennian) age. Reworked earlier Devonian taxa are also present, together with long-ranging
forms. The acritarch and prasinophyte assemblage is very diverse and consists of the following
characteristic Middle and Upper Devonian species: Duvernaysphaera angelae, D. radiata, Evittia
someri, Exochoderma irregulare, Horologinella horologia, Maranhites mosesii, M. brasiliensis,
Pterospermella pernambucensis, Umbellasphaeridium deflandrei, U. saharicum, and Veryhachium
trispinosum. Other taxa recovered include Ammonidium sp., Cymatiosphaera sp., Dictyotidum sp.,
Gorgonisphaeridium sp., Hapsidopalla sp., Leiosphaeridia sp., Lophosphaeridium sp.,
Micrhystridium sp., and Veryhachium sp. The taxa recovered are consistent with a Late Devonian
age, although none are restricted to the latest Devonian.

Although the Itacua Formation has been reported as “Early Carboniferous” and “Devono-
Carboniferous,” there are no definitive Carboniferous miospore or marine phytoplankton species
present in the preserved assemblage. Based on the spore and acritarch/prasinophyte taxa recorded,
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