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Acritarchs are a group of organic-walled vesicular microfossils interpreted as protists, and are among the first eukaryotes preserved in the fossil record. Taxonomic inconsistencies amongst acritarch workers have made it difficult to address the evolutionary history of this group through more traditional methods (i.e., biodiversity through species counts). We have constructed an empirical morphospace to examine the first 1.3 billion years of acritarch evolution. We show that protist morphologic evolution is broadly correlated with major environmental and biologic revolutions in Earth history such as late Neoproterozoic global glaciations, the first appearance of the Ediacaran metazoans and the Cambrian explosion. Our results also show that protist morphologic expansion precedes their taxonomic diversification; this pattern, similar to that seen in Phanerozoic animal clades, suggests that early morphospace saturation and convergence are common occurrences in eukaryote macroevolution. In addition, our data do not support a monotonic increase in maximum diameter of acritarch vesicles through the Proterozoic; instead, maximum vesicle diameter appears to fluctuate in the Proterozoic before decreasing significantly in the early Cambrian.
Introduction
Acritarchs, a group of decay-resistant organic-walled vesicular microfossils, dominate the fossil record of Proterozoic (2500–542 Ma) and Cambrian (542–488 Ma) protists. Most acritarchs from the Proterozoic and Paleozoic are interpreted as unicelled photosynthetic protists, though some may represent multicellular algae (Mendelson, 1987, Butterfield, 2004), and a few have been tentatively interpreted as fungi (Butterfield, 2005). Acritarchs are among the oldest eukaryotes in the fossil record (Zhang, 1986, Yan, 1991) and offer the earliest adequate data to assess the history of protistan biodiversity (Knoll, 1994, Vidal and Moczydlowska-Vidal, 1997).
Previous estimates of acritarch diversity suggest that the number of acritarch species was low from the first occurrence in the Paleoproterozoic to as late as the early Neoproterozoic (Fig. 1). Acritarch taxonomic diversity began to increase through the Neoproterozoic, but suffered a decline during mid-Neoproterozoic glaciation events. An unprecedented, though short-lived, diversification occurred after these glaciation events, and was then followed by a taxonomic decline, concurrent with the rise of macroscopic Ediacara organisms, some of which clearly were metazoans (Fedonkin and Waggoner, 1997). Acritarch taxonomic diversity subsequently increased in step with animal radiation in the early Cambrian (Knoll, 1994, Vidal and Moczydlowska-Vidal, 1997).
Taxonomic inconsistencies have caused some to question the validity of taxic measures of protistan biodiversity (Butterfield, 2004). The problem is common in paleontology, and can be acute in the study of acritarchs. Evolutionary convergence among simple protists can lead to taxonomic deflation, or an underestimation of diversity; whereas the heteromorphic alternation of generations can lead to taxonomic inflation, or an overestimation of diversity (Butterfield, 2004).
The usefulness of morphometric tools in the analysis of Phanerozoic organisms (Foote and Gould, 1992, Boyce, 2005) encouraged us to use such strategies to independently clarify the morphological history of acritarchs. If acritarch diversity is merely a reflection of form taxa in a uniformly populated morphospace, patterns of morphological disparity and taxonomic diversity should match one another. In contrast, a mismatch would indicate either inconsistent form taxonomy or unevenly populated morphospace. By contrasting diversity and disparity patterns, we can also quantitatively address the issue of morphological constraint and convergence.
Taxonomy aside, quantitative morphological analysis would also allow us to quantitatively address a number of questions related to acritarch evolution, including, among others, the relation between acritarch disparity and major environmental and biotic events. To address these questions, we conducted a literature-based investigation of the first 1.3 billion years of morphological evolution in the Group Acritarcha.
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Methodology
We used a literature-based morphometric approach to examine the evolutionary history of acritarchs from their first appearance in the Paleoproterozoic through the Cambrian. An extensive (although by no means exhaustive) literature review, utilizing 50 publications (Table 1), produced a database of species descriptions from 47 stratigraphic intervals representing 778 species occurrences (the occurrence of a species in a lithostratigraphic unit), 247 locations and 1766 processed rock samples. The 
Body size analysis
The average maximum vesicle diameter of acritarchs displayed non-directional fluctuation through the Proterozoic (Fig. 2). Acritarch body size decreased significantly across the Neoproterozoic–Paleozoic transition, but had increased significantly by the middle/late Cambrian (though not to the size seen in the late Neoproterozoic). The mean and figure vesicle diameter displayed a similar pattern, though typically at smaller sizes (Fig. 2). Average maximum diameter and average figure diameter are 
Comparative histories of taxonomic diversity and morphological disparity
The overall pattern of morphological disparity (as approximated by mean dissimilarity coefficients, MDS variance, and stratigraphic ranges of individual morphological characters) appears to be broadly similar to the taxonomic pattern assembled by other investigators (Knoll, 1994, Vidal and Moczydlowska-Vidal, 1997) and indicated by our own data (Fig. 3C). The dramatic mismatch between Paleoproterozoic disparity (Fig. 3A and B) and diversity (Fig. 3C) is clearly due to taxonomic oversplitting in 
Conclusions
We utilized the acritarch literature to produce an empirical morphospace that describes the evolution of Proterozoic and Cambrian acritarchs. Acritarch body size fluctuated non-directionally through the Proterozoic, but decreased significantly across the Ediacaran–Cambrian boundary. Although the general pattern of disparity broadly matches that of taxonomic diversity, the initial increase of morphological disparity preceded the first taxonomic radiation by 500 million years. Morphological
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