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Biases in assessing the evolutionary history of the angiosperm

flora of China

Abstract

In their recent paper published in Nature (2018, 554, 234-238), Lu et
al. use phylogenetic approaches to determine the proportion of the
Chinese angiosperm genera that originated during the Miocene or
later, and contrast divergence times and phylogenetic dispersion
between eastern and western China. One of their key conclusions is
that 66% of the angiosperm genera in China originated in the Mio-
cene or later. However, an analysis of 300 angiosperm genera shows
that 139 (76.8%) of the 181 genera considered as originating in the
Miocene or later by Lu et al. have fossil records before the Miocene.
Thus, the evolutionary history of Chinese angiosperm flora has been
substantially underestimated in Lu et al. In addition, the results of Lu
et al. have been biased by using an incomplete phylogeny.

Phylogeny-based approaches are essential to understanding the ori-
gin of differences in species richness between regions. Lu et al.
(2018) have recently applied phylogenetic approaches to investigate
the evolutionary history of angiosperms (flowering plants) in China.
While recognizing the contribution of Lu et al.'s analysis to under-
standing the evolutionary history of China's flora, | have concerns
about the approaches used in their study, which might have substan-

tially biased their conclusions. | comment on two major aspects below.

1 | THE EVOLUTIONARY HISTORY OF
CHINESE ANGIOSPERM FLORA MIGHT
HAVE BEEN SUBSTANTIALLY
UNDERESTIMATED IN LU ET AL

Lu et al. state that “66% of the angiosperm genera in China did not
originate until early in the Miocene epoch (23 million years ago
(Mya)).” This is one of the key conclusions in their study. This con-
clusion was based on the observation that stem ages for about 66%
of the angiosperm genera in Lu et al.'s phylogeny (i.e. “Dated_phy-
logeny_for_Chinese_angiosperms.tre”; https://datadryad.org/resource/
doi:10.5061/dryad.p89m3) are younger than 23 million years. How-
ever, many of the angiosperm genera having well-preserved fossils in
the Palaeogene (66-23 Mya) and the Cretaceous (145-66 Mya) have
ages younger than 10 million years in Lu et al's phylogeny. For
example, fossils of the genera of Magnolioideae (Magnoliaceae),
including Magnolia, Manglietia and Talauma, were abundant in the
Eocene and Palaeocene (66-33.9 Mya; Azuma, Garcia-Franco, Rico-
Gray, & Thien, 2001), but the earliest divergence time of the 12 gen-

era of Magnolioideae included in Lu et al.'s phylogeny was only 8.1

million years ago. In particular, Manglietia originated 66 Mya in the
Cretaceous (Azuma et al., 2001) but its age is only 5.6 million years
in Lu et al., an underestimate of over 10 times. In general, this dis-
crepancy is not due to the use of different taxonomies or misidenti-
fication of fossils. For example, Sassafras, Ulmus and Zelkova are
taxonomically stable and have abundant reliable fossils in the depos-
its of the Eocene (56-33.9 Mya; Shiono, Kusumoto, Yasuhara, &
Kubota, 2018); however, stem ages of these genera are younger
than 10 million years (in the Late Miocene) in Lu et al.'s phylogeny.
For angiosperm tree genera alone, over 100 genera in China have
well-preserved fossils in the Palaeogene or Cretaceous, but their
ages in Lu et al.'s phylogeny are younger than 23 million years and
most (57%) have ages younger than 10 million years (the average
age is 6.1 million years in Lu et al.,, but the average age is 42.8 mil-
lion years based on fossils; Table S1 in Supporting Information).

Because the vast majority of the Chinese angiosperm genera do
not have fossil records and because there is no comprehensive fossil
database for the Chinese angiosperm genera, it is not possible at the
present time to precisely determine the degree to which the esti-
mate of Lu et al. for the proportion of the angiosperm genera in
China that did not originate until early in the Miocene is biased.
However, because the vast majority of the Japanese angiosperm
genera also occur in China, the recently published fossil database for
Japanese plants (Shiono et al., 2018) can be used to estimate the
proportion of the genera in China that originated before the Mio-
cene but were assigned to an age of the Miocene or younger in Lu
et al. Of the 300 angiosperm genera that were included in Lu et al.
and have well-documented fossil records in the Japanese plant fossil
database (252 genera; Shiono et al., 2018) and the global database
of Cenozoic plant fossils (Xing et al., 2016), 181 genera were consid-
ered as originating in the Miocene or later in Lu et al. However, 139
(76.8%) of these 181 genera have fossil records before the Miocene.
There are more than 100 genera that were considered as originating
in the late Miocene (~10 million years ago) or later in Lu et al. but
their fossils were found in the Oligocene; many of them were also
found in the Eocene, Palaeocene, and Cretaceous (Figure 1). Appar-
ently, divergence times of many genera are substantially underesti-
mated in Lu et al. Furthermore, the fact that a large proportion of
the genera with reliable fossils have substantially younger ages in Lu
et al.'s phylogeny, as partially shown in Figure 1, suggests that their
phylogeny was poorly dated. As a result, the percentage of the
angiosperm genera in China that did not originate until the early
Miocene was substantially overestimated in Lu et al. This casts
doubt on the conclusions of downstream analyses in Lu et al.
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The underestimation of divergence times for many genera in Lu
et al's study likely resulted from multiple sources of errors. The
primary source appears to be insufficient use of fossil records to
calibrate node ages, as noted above. Another source for the under-
estimation of divergence times of genera might be that the age of
crown angiosperms used in Lu et al.'s study is too young. Most esti-
mates of the crown angiosperm age fall between 150 and 250 Mya
(e.g. 149-256 Mya, Barba-Montoya, Reis, Schneider, Donoghue, &
Yang, 2018; 162-210 Mya, Magallon, 2014; 175-240 Mya, Clarke,
Warnock, & Donoghue, 2011; 190-238 Mya, Murat, Armero, Pont,
Klopp, & Salse, 2017; 182-257 Mya, Smith, Beaulieu, & Donoghue,
2010; 192-251 Mya, Foster et al., 2017; 158-179 Mya, Wikstrém,
Savolainen, & Chase, 2001; 167-199 Mya, Bell, Soltis, & Soltis,
2010). Molecular clocks suggest a Triassic age for crown angios-
perms (e.g. Bell et al., 2010; Smith et al., 2010; Zeng et al., 2014;
Beaulieu, O'Meara, Crane, & Donoghue, 2015; Foster et al., 2017;
Sauquet et al., 2012; Brown & Smith, 2018). In particular, several
recent studies have demonstrated that the age of crown angios-
perms is >200 million years (e.g. 203 Mya, Barba-Montoya et al.,
2018; 232 Mya, Beaulieu et al., 2015; 233 Mya, Brown & Smith,
2018; 221 Mya, Foster et al.,, 2017; 243 Mya, Zanne et al., 2014;
232 Mya, Zeng et al., 2014). However, Lu et al. took 140 million
years as the maximum angiosperm crown age when they built their
phylogeny (Supplementary Table 1 of Lu et al., 2018). This age is
much younger than the minimum angiosperm crown ages in most
angiosperm phylogenies reported in recent studies, as noted above.
Multiple lines of evidence have shown that the age of crown angios-
perms is much older than 140 million years (Barba-Montoya et al.,
2018). Thus, using a substantially underestimated crown angiosperm
age in Lu et al. would likely have underestimated the ages of most,
if not all, nodes in Lu et al.'s phylogeny. If Lu et al. had used an older
age for crown angiosperms to build their phylogeny, such as those
used in Zanne et al.'s (2014) and Brown & Smith, 2018's (2018) phy-
logenies, one would expect that divergence times of many genera in
Lu et al.'s study would have increased substantially, which would
lead to a much higher proportion of angiosperm genera that origi-
nated before the Miocene, compared to ~34% reported in Lu et al.

In addition, the correlation between genus ages in Lu et al.'s phy-
logeny and those reported in other global phylogenies is relatively

low (e.g. r = 0.579 between genus ages in Lu et al.'s phylogeny and

those in Zanne et al.'s phylogeny; Figure S1 in Supporting Informa-
tion), suggesting that using a different phylogeny in Lu et al.'s analy-
sis might vyield a substantially different conclusion. Because
molecular divergence-time estimates are extremely sensitive to
placements of calibrating fossils at crown versus stem nodes and to
choices of methods and calibration scenarios (Magallén, 2014; Sau-
quet et al., 2012; Wilf & Escapa, 2015), it is inappropriate to deter-
mine the origination time of a genus, or a taxon at any rank, solely
based on molecular date derived from a phylogenetic tree, as in Lu
et al. (2018) and other studies (e.g. Song & Cui, 2017). Previous
studies have pointed out that great caution should be exercised
when using molecular dates to determine divergence times of taxa
or to interpret the biological impacts of geological events (Wilf &

Escapa, 2015, 2016).

2 | USING INCOMPLETE PHYLOGENY IN
LU ET AL. WOULD HAVE OVERESTIMATED
AGES OF SOME TAXA

The phylogeny used in Lu et al.'s study is inappropriate for their core
analysis, which focused on mean divergence time (MDT). Lu et al.
define the divergence time of a genus based on its stem node age in
their phylogeny. This approach requires a complete phylogeny at the
genus level. Missing genera within a family may substantially bias
the estimate of divergence time for any particular genus (Figure 2).
Using an incomplete phylogeny will tend to bias divergence times to
older values because closer relatives are not present in the phy-
logeny. Because the phylogeny used in Lu et al. included only Chi-
nese angiosperm genera, genera in Chinese families occurring only
outside China are not considered in calculating most recent diver-
gence times. When a family had only one genus in China but two or
more genera in the world, Lu et al. accepted the divergence time of
the family as the divergence time for the genus. About 18% of the
families in Lu et al.'s study have two or more genera worldwide, only
one of which occurs in China. If a genus belongs to a family that has
an old divergence time but the genus only originated recently (i.e.
having a short divergence time), taking the age of the family as the
age of the genus might have a substantial influence on the result of

an analysis. For example, the family Lecythidaceae has ~25 genera
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worldwide but only one genus (Barringtonia) in China, which evolved
9.7 Mya according to Zanne et al. (2014) and 10.2 Mya according to
Smith and Brown (2018). Because Barringtonia is the only genus of
Lecythidaceae in Lu et al.'s phylogeny, Lu et al. took the age of the
family (104.4 million years) as the age of the genus, an overestimate
of more than 10 times. Similar errors potentially occur in all families
for which China does not have all genera of these families, because
the bifurcations that are “lost” in Lu et al.'s phylogeny make lineage
origins appear much earlier, as shown in Figure 2.

To more quantitatively assess this problem with Lu et al.'s study,
| conducted two analyses, which compared divergence times derived
from Lu et al.'s phylogeny with those derived from a more complete
phylogeny reported by Smith and Brown (2018) for a set of the fam-
ilies which included fewer genera in the former than in the latter.
These two phylogenies were built based on the same crown angios-
perm age (i.e. 140 million years). The first analysis included 48 gen-
era belonging to the families that each has one genus in Lu et al.'s
phylogeny but two or more genera in Smith & Brown's phylogeny
(Figure S2 in Supporting Information). The average divergence time
of these genera is 86.8 million years in Lu et al.'s phylogeny but is
27.0 million years in Smith & Brown's phylogeny (t test, P < 0.001).
The second analysis included 94 genera belonging to the families

divergence time (million years ago)
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FIGURE 2 A hypothetical case showing that the approach used
in Lu et al. can substantially bias the estimation of divergence time
of a genus. Divergence times of genera in Lu et al. are estimated
from their phylogeny, which includes only Chinese genera. Their
approach uses an incomplete phylogeny. If a family has multiple
genera in the world but only one genus in China, their approach
would take the divergence time of the family as the divergence time
of the Chinese genus. In the hypothetical case portrayed in this
figure, the divergence time of genus 1 is actually ~27 Mya (the sum
of red and blue lines) but it is 80 Mya based on Lu et al.'s approach
(i.e. the sum of branch lengths of the red, blue, and green lines), an
overestimation by a factor of 3, owing to the failure of including
genus 2 in the complete phylogeny

e

that each has two or three genera in Lu et al.'s phylogeny but five
or more genera in Smith & Brown's phylogeny (Figure S2 in Support-
ing Information). The average divergence time of these genera is
35.0 million years in Lu et al.'s phylogeny and 23.6 million years in
Smith & Brown's phylogeny (t test, P < 0.001). These two analyses
indicate that using an incomplete phylogeny in Lu et al.'s study has
substantially overestimated ages of genera, which would have likely
biased the main conclusion of Lu et al.'s study. This problem also
occurs in other previous studies that used ages derived from a local
or regional phylogeny as the ages (origination times) of taxa under
investigation (e.g. Buerki, Devey, Callmander, Phillipson, & Forest,
2013; Crisp & Cook, 2013; Crisp, Cook, & Steane, 2004).

The errors with Lu et al.'s study discussed in this section (i.e. over-
estimation of genus ages) are a different source of errors from the
one discussed in the previous section (i.e. underestimation of genus
ages). These two sources of errors act in opposite directions.
Although the source of sampling bias discussed in this section pushes
ages to be too old, the fact that a large proportion of the genera with
fossil records have substantially younger divergence times in Lu et
al.'s study than fossil ages, as discussed above (also see Figure 1 and
Supporting Information), suggests that divergence times of Chinese
angiosperm genera were considerably underestimated in Lu et al.'s
study.

3 | CONCLUSION

It is inappropriate to take ages of taxa, such as angiosperm genera,
derived from a molecular-based phylogeny (i.e. phylogenetic ages) as
the origination (divergence) times of the taxa, particularly in the case
that the phylogeny is poorly dated with fossil records and incom-
plete, as in Lu et al. (2018). The angiosperm flora of China includes
far more genera that predate the Miocene than implied by Lu et al.'s
analyses. The calculation of divergence times based on phylogenies
that exclude closely related genera outside of China has resulted in
overestimation of genus ages, as when recent divergences have
involved genera outside of China. The main conclusions of Lu et al.'s

study are biased.
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