Dinosaurs and the Cretaceous Terrestrial Revolution
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Abstract Figure 2 (below). Majority-rule consensus tree of the reduced Baum Figure 4. A summary version of the supertree (figure 2) drawn against Basal Ornithischia (3)*
and Ragan MRP matrix. Abbreviated clade names are: Mam. = stratigraphy. The 11 statistically significant diversification shifts Rpsal TiEsiiera (3)"
. . . . . : . . . . . . ) ) r==Huayangosaurus taibaii .
The observed diversity of dinosaurs reached its highest peak during the mid- and Late Mamenchisauridae, Br. = Brachiosauridae, Her. = present in both the entire tree (figure 2) and at least one S Stegosauridae (11) .
Cretaceous, the 50Myr that preceded their extinction, and yet this explosion of dinosaur diversity Herrerasauridae, Compsog. = time-sliced tree are marked with white arrows denoting & —rﬁ itﬁl(;%zsaauﬁrigs(;gftralcus

Stormbergia dangershoeki

may be explained largely by sampling bias. It has long been debated whether dinosaurs were “Compsognathoidea”, Ornithomimo. = the branch leading to the more speciose clade.

part of the Cretaceous Terrestrial Revolution (KTR), from 125-80Myr ago, when flowering plants, Ornithomimosauria, Therizino. = Taxa in bold represent the collapsing of a I i e Il;zggrcceegl;:l)%ss?:r&as()y)
herbivorous and social insects, squamates, birds and mammals all underwent a rapid expansion. Therizinosauroidea, Alvar. = larger clade or group, the size of which ! —=—— Avaceratops lammersi
Although an apparent explosion of dinosaur diversity occurred in the mid-Cretaceous, Alvarezsauridae and is indicated in parentheses. An ‘*/ ] ?'_gﬁiif%ﬁﬂfﬁﬁﬁlglda 17)*
coinciding with the emergence of new groups (e.g. neoceratopsians, ankylosaurid ankylosaurs, Troodon. = indicates the collapsing of a | ——Dryosaurigggat)osa y
hadrosaurids and pachycephalosaurs), results from the first quantitative study of diversification Troodontidae. paraphyletic group and a ‘1’ 7 e Basal Iguanodontoidea (16)*
applied to a new supertree of dinosaurs show that this apparent burst in dinosaurian diversity in that of an extant clade Basal SauropodomoLrpha (6)*& Euhadrosauria (24)
the last 18 Myr of the Cretaceous is a sampling artefact. Indeed, major diversification shifts (i.e. birds). Prosauropoda (14)* . R

. . . . . asal Sauropoda (18)
occurred largely in the first one-third of the group’s history. Despite the appearance of new -

clades of medium to large herbivores and carnivores later in dinosaur history, these new
originations do not correspond to significant diversification shifts. Instead, the overall geometry
of the Cretaceous part of the dinosaur tree does not depart from the null hypothesis of an equal
rates model of lineage branching. Furthermore, we conclude that dinosaurs did not experience
a progressive decline at the end of the Cretaceous, nor was their evolution driven directly by the
KTR.
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Dinosaur diversification: diversification shifts
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Figure 1. Filtering of source trees results in decreased redundancy
and a strong skew towards more recent analyses. Uncorroborated
trees lack a numerical cladistic analysis and redundant trees have
been superceded by more recent work. Independent trees
represent a unique combination of taxa and characters, whereas
dependent trees have equal claim to novelty with at least one
other analysis.

probability of splitting resulting in a fully balanced tree. Significant
excursions from stochastic variation around this model indicates a
more complex two-parameter model, where, following a split, one
branch shows a greater probability of splitting than the other. This
is a diversification shift (Chan and Moore 2005). Here 11
significant shifts (which were also found on time-sliced trees, a
way of testing a potential bias in the assumptions of the ERM
model) were discovered. These are shown in figure 4 as arrows
indicating the more speciose branch following the shift. These
are concentrated early in dinosaur evolution. An alternative
way of showing this is to plot the mean likelihood of the
two-parameter model through time (figure 5). This shows that
diversification was furthest from the ERM model in the Early
Jurassic and closest during the Cretaceous.

Supertree Construction

A novel formal supertree was produced and used as a
framework to investigate different metrics of diversification in
non-avian dinosaurs. Here, new source tree filtering methods
were used to reduce redundancy and ensure that source trees
represented current consensus as far as possible (figure 1).
Multiple supertree algorithms were then employed to combine
source trees in different ways, but we found that the Baum and
Ragan MRP method produced the best representation of the
original source trees (by the V1 index of Wilkinson et al. 2005).
A manual reduced consensus approach was then used to remove
taxa that were phylogenetically unstable in order to obtain a tree
that more closely represented complete bifurcation. The resulting
tree of 420 species is shown in figure 2.
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Dinosaur diversification: the Cretaceous Terrestrial
Revolution
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The removal of a Late Cretaceous diversification peak by
subsampling and the better fit of an ERM model during the
Cretaceous indicate relatively quiescent speciation during this
interval. This contrasts strongly with the pattern from other
terrestrial clades (e.g. herbivorous and social insects, squamates,
birds and mammals) that show major diversifications at this time
following the origin and radiation of angiosperms, an event we
term the Cretaceous Terrestrial Revolution (KTR). Direct evidence
of dinosaurian diet (gut contents, coprolites) already suggests that
dinosaurs did not adapt to feed exclusively on angiosperms and we
conclude that dinosaurs did not participate in the KTR.
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Dinosaur diversification: taxon counting methods

Three taxon-counting methods were used to look at a simple metric of
diversification (% change in species richness per million years). The first
involved counts of raw data taken from The Dinosauria Il (Weishampel et
al. 2004), the second used the supertree to add ghost ranges to this data
and the third used a subsampling approach whereby the data were
resampled 1,000 times and the number of species present in 36 occurrences
tallied. This last count represents a way of artifically setting the global quality
of the record as equal to the worst part. The results are shown in figure 3, with
the raw and ghost-range corrected data showing increased diversification in the
Late Triassic, Middle Jurassic and Late Cretaceous and decreased diversification in
the Early Jurassic and Early Cretaceous. However, all peaks and troughs are
removed by subsampling, suggesting minimally that the dinosaur record is seriously
biased by sampling and maximally that the true picture is one of near constant diversity
implying a logistic model of species richness.
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