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The Cretaceous, lasting from 145 to 66 million years ago, was a
time period of major turnover in terrestrial and marine ecosystems
when many modern groups of plants and animals appeared for the
first time. The Cretaceous was also famously terminated abruptly
by the impact of a huge asteroid that wiped out such classic ani-
mals as dinosaurs and pterosaurs, but these organisms were sup-
posedly killed in their prime, with no pre-extinction diversity
decline [1]. A new study [2] identifies a long-term decline in the
pterosaurs, lasting some 60 million years of the middle and late
Cretaceous, before their final disappearance.

This result is unexpected for two reasons. First, it recalls an old
debate about whether the dinosaurs, and their reptilian kin, disap-
peared with a whimper, not a bang. The end-Cretaceous asteroid
implied sudden disappearance, and the gradual decline model
was widely rejected in support of the impact model. However,
there has been evidence in recent years that pterosaurs [3] and
dinosaurs [4] were indeed declining in biodiversity through the
middle and late Cretaceous, and the same seems to have been true
of several other vertebrate groups, including non-marine
crocodyliforms and rhynchocephalians [2].

The second reason the result is surprising is that the Cretaceous
is widely seen as a time during which major groups flourished,
including the non-avialan dinosaurs [1]. Further, the decline
hypothesis appears to be in conflict with the proposed Cretaceous
Terrestrial Revolution (KTR), Angiosperm Terrestrial Revolution
(ATR), and Great Divergence (GD) that identify the middle and late
Cretaceous as an important time for diversification of many terres-
trial groups, most notably the angiosperms, and the origins of
modern diversity [5,6]. This GD marks the important global turning
point when terrestrial biodiversity for the first time exceeded mar-
ine biodiversity [7]. In fact, studies supporting the KTR and ATR
noticed the biodiversity decline of some organismal groups during
the mid-Cretaceous, but these were interpreted as episodes of fau-
nal turnover [8]. For example, the mid-Cretaceous witnessed the
replacement of rhynchocephalians and some early-diverging squa-
mates by modern squamates, non-therian mammals by therian
mammals, as well as the replacements of archaic groups by cryp-
todiran turtles, eusuchian crocodylomorphs, titanosauriform saur-
opods, and tyrannosaurid theropods, respectively, among others
[8].
But explosive evolution of new groups in general can be envis-
aged at a time when others are indeed in decline. It appears to be
true that dominant elements in modern ecosystems such as
angiosperms, insects, birds, and mammals were rising in ecological
significance during the KTR and ATR, whereas conditions perhaps
did not favor other clades such as rhynchocephalians, crocodyli-
forms, pterosaurs, and dinosaurs. There is no suggestion that the
new groups that benefited from the steady build-up of diversity
of angiosperms (e.g., coevolving insects and insect-eaters such as
spiders, lizards, birds, and mammals) were outcompeting the
declining clades; they were doing different things in the mid-Cre-
taceous ecosystems. Further, biodiversity can be measured by dif-
ferent criteria such as species richness, or genetic, phenotypic, and
ecological diversity, and these different measurements do not nec-
essarily change simultaneously (Fig. 1). For example, the mid-Cre-
taceous witnessed declines in ecological functions but taxonomic
increase of therian mammals [9] and a similar pattern has been
noted for birds [10].

The clades in decline in the middle to late Cretaceous can be
said to mark a collective ‘‘Cretaceous terrestrial biodiversity
decline” (KTBD). This can be explained in two general ways. Firstly,
many of the taxa that appear to have shown long-term biodiversity
loss were large (non-marine crocodyliforms, dinosaurs, and ptero-
saurs). Secondly, climates were changing, with temperatures start-
ing high in the mid-Cretaceous, but declining thereafter, especially
in the last 20 million years of the Cretaceous [11]. Possibly, too, the
gradual takeover of terrestrial floras by flowering plants and the
decline in significance of other plant clades such as ferns, seed
ferns, and gymnosperms, denied some herbivores their regular
diet, and had upstream effects on their predators. In their study
of latest Cretaceous dinosaur decline, Condamine et al. [12] found
that the key drivers were global climate cooling and the fact that
hadrosaurs outcompeted the other dinosaurian herbivores.

In their new paper, Yu et al. [2] suggest that the biodiversity
decline of large-sized terrestrial animals in the middle to late Cre-
taceous could be attributed to the extremely high sea levels at the
time (up to 200 m higher than today) which had the effect of
reducing the total area of land; land area is important for biodiver-
sity through the classic species-area effect [13] and particularly for
large-sized animals [14]. This is perhaps another reason why com-
paratively small animals were favored during the KTR and ATR
[5,6]. This apparent shift from relatively large animals to relatively
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Fig. 1. Hypothetical Cretaceous terrestrial biodiversity evolution patterns based on
three different parameters. (a) Diversification rate; (b) phylogenetic diversity/taxic
diversity; (c) ecological diversity. BK, beginning of Cretaceous; MK, middle
Cretaceous; EK, end of Cretaceous.
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small animals during the KTR and ATR can be tested by comparing
mean animal body sizes of Cretaceous terrestrial ecosystems
through time at global, regional, and local scales.

Admittedly, the available evidence is not yet enough to support
the presence of the KTBD. The strongest evidence for the KTBD is
derived from biodiversity studies on non-avialan dinosaurs [4],
and these studies measure biodiversity using diversification rate
(i.e., speciation rate minus extinction rate, also termed net specia-
tion rate; Fig. 1a), a parameter widely used in studying biodiversity
evolution based on neontological data but not commonly used in
paleontological studies [2]. Worthy of mention is that phylogenetic
diversity/taxic diversity (Fig. 1b), which is widely used in
macroevolutionary studies based on fossil data, often suffers from
sampling issues [5,8]. Some methods for calculating diversification
(PyRate, SFBD) consider sampling issues, and thus are likely to
remove the sampling bias [2], but still the usage of diversification
rate to estimate biodiversity based on paleontological data needs
additional testing.

Evidence for the Cretaceous biodiversity decline of pterosaurs is
strong given that it is supported by analytical results using several
different parameters, including diversification rate, phylogenetic
diversity/taxic diversity, and morphological disparity [2,3]. If a bio-
diversity decline in the latest Cretaceous can be supported by the
results of similar analyses on non-avialan dinosaurs and some
other groups, the KTBD could be justified as a real evolutionary
pattern. It is especially important to compare patterns of diversity
evolution from different measurements and parameters such as
diversification rate, phylogenetic diversity/taxic diversity and mor-
phological and functional disparity [15], and to explore how these
different parameters are related to each other and how they differ
in revealing different aspects of biodiversity change in deep time.
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