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How contemporary environment interacts with macroevolutionary processes to
generate the geographic pattern of bryophyte species is still unresolved. China is very
rich in bryophytes, with more than 3,000 bryophytes covering 70% of the families in
the world. In this study, we assessed the effects of the contemporary environment
(average temperature of the coldest season TCQ, precipitation of the warmest season
PWQ, and elevational range) and the recent diversification rates (estimated as mean
species number per genus, MSG) on the geographical pattern of species richness for
bryophytes and two groups (i.e., liverworts and mosses) in China. We compiled the
provincial level distribution of bryophyte species and estimated the geographic pattern
of the recent diversification rate by MSG for species in China. Univariate, multivariate
regressions and path model analyses were used to assess the relationships between
species richness, MSG, and their potential environmental drivers. Species richness of
all bryophytes and liverworts significantly increased with the increase of MSG, either
in regressions or path analyses, indicating that provinces with high bryophyte richness
were mainly inhabited by species (especially liverworts) from lineages with particularly
high MSG. In contrast, the species richness of mosses was insignificantly decreased
with MSG in univariate regression or insignificantly increased with MSG in path analysis.
Both species richness and MSG of all bryophytes and liverworts increased with the
increase in energy and water availability. In contrast, for mosses, the species richness
significantly increased with the increase of energy and water availability, while MSG
decreased with the increase of energy and water availability. The MSG of liverworts
increase with the increase of elevational range but the MSG of mosses decrease with the
increase of elevational range. Our study suggests that the humid tropical and subtropical
mountains in China are not only diversity hotspots for bryophytes, but also cradles for
high recent diversification of liverworts, and refuges for mosses to hold many monotypic
and oligotypic genera.
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INTRODUCTION

The huge spatialvariation in species richness and mechanisms
underlying it have always been a hot topic of concern to ecologists
and biogeographers (Rosenzweig, 1995). The contemporary
environmental factors such as energy, water availability and
habitat heterogeneity have been regarded as potential drivers of
species richness pattern (Allen et al., 2002; Currie et al., 2004;
Stein et al., 2014; Rana et al., 2019). However, the species richness
of aregion is ultimately determined by the evolutionary processes
of speciation, dispersal and extinction (Mittelbach et al., 2007).
The positive species richness-energy/water/habitat heterogeneity
relationships must reflect evolutionary history (Rana et al., 2019).
For example, regions with high energy and water availability
have high primary productivity to expand the population size of
animals and plants, and thus contains more genetic diversity to
increase the rate of speciation (Hubbell, 2001; Allen et al., 20065
Clarke and Gaston, 2006). Habitat heterogeneity also can increase
species richness by promoting the speciation rate and reducing
species extinction (Turner, 2004; Fjeldsa et al., 2012; Hughes and
Atchison, 2015).

Recently, the diversification rate hypothesis explaining species
diversity patterns in terms of evolutionary processes has received
renewed attention from researchers (Svenning et al., 2008;
Condamine et al, 2012; Kozak and Wiens, 2016; Cai et al.,
2020). According to the diversification rate hypothesis, species-
rich areas have a high rate of net diversification owing to their
higher speciation rates and/or lower extinction rates (Fischer,
1960). The high richness in low latitudes would result from
the high diversification rate in warm and wet climates and/or
in tropical and subtropical mountains due to fast molecular
evolution or strengthened reproductive isolation (Steinbauer
etal., 2016; Xing and Ree, 2017; Dagallier et al., 2020). Therefore,
the diversification rate hypothesis would predict a positive
species richness-diversification rate relationship, and positive
diversification rate-climate or habitat heterogeneity relationships.

In contrast of the diversification rate hypothesis, the time-
for-speciation hypothesis believes that species richness reflects
the available time for diversification, and tropical regions have
more species because they are occupied for a longer time,
which provide more time for speciation (Fischer, 1960; Rohde,
1992; Dynesius and Jansson, 2000). According to the time for
speciation hypothesis, old relic clades with low net diversification
(high extinction and/or low speciation) rate mainly occupy in
long-inhabited species-rich regions (Mittelbach et al., 2007),
which causes that mean net diversification rates are not
high in species-rich region. Therefore, the time for speciation
would expect a positive or no relationship between species
richness and net diversification rate, and negative relationships
between diversification rate and climate or habitat heterogeneity.
Previous studies have tested the effects of diversification rate
hypothesis and/or time-for-speciation hypothesis on animals
(e.g., amphibians, Stephens and Wiens, 2003; birds, Hawkins
et al., 2005; marine bivalves, Jablonski et al., 2006; salamanders,
Kozak and Wiens, 2016) and vascular plants (e.g., Arecaceae,
Svenning et al, 2008; Rhododendron, Shrestha et al, 2018;
Zygophyllaceae, Wang et al., 2018). However, few studies have

evaluated how contemporary environments interacted with
evolutionary processes to generate the geographic pattern of
bryophyte species (Laenen et al., 2018).

Bryophytes, including about 20,000 species of hornworts,
liverworts and mosses, are the second largest group of higher
plants after angiosperms (Patifio and Vanderpoorten, 2018). They
are widely distributed in terrestrial ecosystems (St Martin and
Mallik, 2017). As the earliest land plants, the survival, growth
and reproduction of bryophytes have strong dependence on water
availibity, but they have considerable cold tolerance (Proctor
etal., 2007; Vitt et al., 2014; Perera-Castro et al., 2020). Compared
with hornworts and liverworts, mosses have better drought and
cold tolerance, and many of them can occur in dry and/or cold
climates (e.g., Bryum pseudotriquetrum and Sanionia uncinate,
Cannone et al., 2017). It has been suggested that the low species
richness of extant bryophyte might have resulted from mass
extinction event, but their recent diversification rate since mid-
Mesozoic were high (Laenen et al., 2014).

China is one of the countries with the richest species of
bryophytes, with more than 3000 species of bryophytes covering
70% of the families in the world (Chen et al., 2015; Qian
and Chen, 2016). The vast land area of mainland China has
created enormous regional differences in climate and habitat.
In this study, we complied the province level distribution of
extant bryophyte species, and attempted to assess the effects of
the contemporary environment (temperature, precipitation and
habitat heterogeneity) and recent diversification rates (estimated
as the mean species number per genus, MSG) on the geographical
pattern of species richness for bryophytes and two groups
(i.e., liverworts and mosses) in China. We also examined the
associations between environmental factors and MSG.

DATA AND METHODS
Data

To estimate the province-level species richness pattern of
bryophytes, we combined each municipality except Chongging
which has a very large area with one of its neighboring provinces.
Specifically, we combined Beijing and Tianjin with Hebei
Province, Shanghai with Zhejiang Province, and Hong Kong
and Macau with Guangdong Province. On the final map, China
was divided into 29 province-level geographic units (“province”
hereafter) (see Supplementary Figure 1).

We compiled the distribution data of bryophytes in China
from the online database of Catalog of Life China (CoLChina,
http://www.sp2000.org.cn/CoLChina) and recent literatures (see
Supplementary Data). We standardized nomenclature of species
according to CoLChina. Finally, this study included a total of 3184
bryophytes in 601 genera and 157 families. Those bryophytes
included 26 Hornworts in 8 genera and 3 families, 1102 liverworts
in 155 genera and 63 families, and 2056 mosses in 438 genera and
91 families. Because of the small number of hornworts species,
we incorporated them into liverworts for subsequent analyses.
To eliminate the effect of area on species richness assessment, we
calculated the area-correlated species richness as species number
of a province being divided by the log-transformed area of that
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province (“species richness” hereafter). Up to now, the dated
phylogeny of bryophytes only covered limited species and genera
(Laenen et al., 2014, 2018; Liu et al., 2019). To represent the net
diversification rate within genera, we used the species number
per genus following previous study (Svenning et al., 2008). The
geographic pattern of diversification rate was estimated by MSG
for the species occurring in each province.

Environmental variables included the average temperature
of the coldest season (TCQ), the precipitation of the warmest
season (PWQ), and the elevational range in each province.
TCQ represented environmental energy and emphasized cold
tolerance effects (Wang et al., 2011), PWQ represented water
availability in growing season which is important for bryophytes
as suggested by previous studies (Qian and Chen, 2016), and
ER was frequently used to represent habitat heterogeneity.
ER weakly correlates with TCQ and PWQ (r = —0.40 and
—0.42), and TCQ moderate correlates with PWQ (r = 0.76,
Supplementary Table 2). The data for TCQ and PWQ with a
spatial resolution of ca 1 x 1 km? were downloaded from the
Worldclim dataset' (Hijmans et al., 2005). We calculated each
climate variable in each province as the average of all 1 x 1 km?
grids in that province. We calculated elevational range as the
difference between the minimum and maximum elevations of a
province using the GTOPO30 dataset of the US Geographical
Survey. To improve the normality, we log-transformed the
elevational range data.

Statistical Analyses

The square root-transformed species richness and MSG for
all bryophytes, liverworts or mosses within provinces were
approximately normally distributed with skewness and kurtosis
<|1.0]. Therefore, we conducted general linear models (GLM)
to test the influence of MSG on species richness pattern of
all bryophytes, liverworts or mosses. To handle the effects of
spatial autocorrelation in significance testing, we conducted a
modified t-test to test the significance of the GLMs (Clifford
et al, 1989). The test corrects the correlation coefficient
between response variable and predictor, and estimates the
effective sample size that allows for the spatial structure
by introducing estimated covariance matrices for distance
classes (Dutilleul et al., 1993). The modified t-test was done
using “modified.ttest” function in R package of SpatialPack
(Osorio et al., 2020).

To evaluate the effects of three individual environmental
variables (ie, TCQ, PWQ, and elevational range) on
geographical patterns in species richness and MSG for
all bryophytes, liverworts or mosses, we ran GLMs using
modified t-tests for significance testing. In addition, we built
regression models with all possible combinations of three
environmental predictors done model ranking based on the
Bayesian Information Criterion (BIC), and conducted model
averaging. We extracted predictor’s importance values which
were computed as the sum of the weights of models containing
the corresponding predictors. Those analyses were done using

Lwww.worldclim.org

“dredge” and “model.avg” functions in R package of MuMIn
(Barton, 2020).

To further compare the effects of TCQ, PWQ, elevational
range, and MSG on geographical pattern of species richness,
we constructed a path model by assuming that MSG influence
species richness directly, while TCQ, PWQ, and elevational range
can influence species richness directly and also indirectly via its
effects on MSG. To handle the effects of spatial autocorrelation,
the significances of the path coeflicients were tested using a
bootstrap resampling method. We constructed the path models
and done 199 times bootstrapping using the “sem” function in
lavaan package of R (Rosseel et al., 2021).

RESULTS

Geographic Pattern of Species Richness
The average species richness of bryophytes varied greatly among
the 29 provinces in China ranged from 11 to 137, with an average
of 55 species (Supplementary Table 1). The species richness
was markedly higher in southern China than in northern China
(Figure 1A). The average species richness of all bryophytes per
province in southern China (17 provinces with latitude lower
than 35°) and northern China are 68 (£28) and 37 (£14),
respectively. The greatest richness was found in the southwest
and southeast provinces (Figure 1A), such as Yunnan, Xizang,
Taiwan, Fujian. By contrast, the species richness was very low
in the Qinghai, Shanxi, Ningxia and Henan. The patterns of
species richness of liverworts and mosses were generally similar
to those of all bryophytes (Figures 1B,C). The average species
richness of liverworts and mosses among provinces are 15 (£12)
and 39 (+16). The Pearson correlation coeflicients between
bryophyte richness and liverwort or moss richness are 0.95 and
0.98, respectively. The Pearson correlation coefficients between
liverwort richness and moss richness is 0.87.

Effects of MSG on Species Richness

Pattern

The geographic pattern of MSG for all bryophytes was roughly
coincided with its species richness pattern (Figure 1D). MSG for
liverworts and mosses showed very different geographic patterns
(Figures 1E,F). Species richness of all bryophytes significantly
increased with the increase of MSG, either in univariate GLM
analysis (R*> = 0.40, p < 0.0001, Figure 2A) or path analysis
(path coeflicient = 0.43, p < 0.05, Figure 3A), indicating that
provinces with high species richness of all bryophytes were
dominated by species from lineages with particularly high MSG.
Consistent with bryophytes, the species richness of liverworts
was significantly increased with MSG (univariate GLM analysis
R? = 047, p < 0.0001, Figure 2B; path coefficient = 0.37,
p < 0.001, Figure 3B). However, the species richness of mosses
was insignificantly decreased MSG in univariate GLM analysis
(R? = 0.11, p = 0.14; Figure 2C) or insignificantly increased
with MSG in path analysis (path coefficient = 0.13, p > 0.05,
Figure 3C).

Frontiers in Ecology and Evolution | www.frontiersin.org

June 2021 | Volume 9 | Article 680318


http://www.worldclim.org
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles

Song et al.

Bryophyte Species Richness in China

A
/1 -
[ 28 -
44 -
59 -
s -
o - 105
I 106 - 121
122 - 137
B
=1 -7
8 - 13
[ 14 - 19
[ 20 - 25
I 26 - 31
32 - 37
38 - 42
43 - 48
(o]
110 - 20
21 - 30
31 - 39
I 40 - 49
50 - 59
I 60 - 69
70 - 79
I 30 - 88
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FIGURE 3 | Path diagram showing the interaction among the geographical
patterns of temperature, precipitation, elevational range, mean number of
species per genus and species richness. The values on the arrows are
standardized path coefficients. Blue arrows indicate positive relationships and
red values negative relationships. The line thickness of arrows represents the
strength of the relationships. The dashed arrows show the Pearson correlation
between temperature, precipitation and elevational range. Temperature and
precipitation were estimated as the average temperature of the coldest season
and the precipitation of the warmest season, respectively. *indicates p < 0.1,
**p < 0.05, **p < 0.001. (A) All bryophytes (B) Liverworts (C) Mosses.

Effects of Climatic Factor on Species

Richness Pattern and MSG

For all bryophytes, both species richness and MSG significantly
increased with the increase in energy and water availability
(p < 0.05; Supplementary Figure 2), indicating that both species

richness and MSG were higher in warm and wet environment.
These relationships were generally consistent with the predictions
from the diversification rate hypothesis. The results for liverworts
and mosses were quite different. Generally consistent with results
for all bryophytes, both species richness and MSG of liverworts
increased with the increase in energy and water availability except
(Supplementary Figure 2). In contrast, for mosses, the species
richness significantly increased with the increase of energy and
water availability, while MSG insignificantly decreased with
the increase of energy and water availability (Supplementary
Figure 2). There was a high number of moss genus containing
one single species in southern China (Supplementary Figure 3).
Genus containing single species of mosses significantly increased
with the increase of the PWQ (R? = 0.17, p = 0.04) and elevational
range (R? = 0.29, p = 0.003), and insignificantly increased with the
increase of the average temperature of TCQ (R? =0.03, p =0.40).
These results for mosses were inconsistent with the prediction of
diversification rate hypothesis.

Multiple regressions and model average analyses showed that
PWQ and elevational range had the highest effects on species
richness of bryophytes, liverworts or mosses (Table 1). TCQ
was the primary determinant of the MSG of all bryophytes
and liverworts. The PWQ and elevational range were important
predictors for MSG of mosses (Table 1). Both univariate
and multiple regressions showed that explanatory powers of
environmental variables on the species richness of mosses were
lower than those of liverworts.

Effects of Elevational Range on Species
Richness Pattern and MSG

Univariate GLM analyses showed insignificant effects and low
explanatory powers of elevational range both on species richness
pattern and MSG for all bryophytes, liverworts or mosses
(R> < 0.1, p > 0.05), except MSG for mosses (R*> = 0.18,
p = 0.02) (Supplementary Figure 2). When considering the
other explanatory variables in multiple regressions, elevational
range showed high relative importance on species richness
pattern of all bryophytes, liverworts or mosses (importance value
0.95-0.98, Table 1). Path analyses showed that species richness
significantly increased with the increase of elevational range on
(path coefficients = 0.29-0.54, p < 0.1, Figure 3). Path analyses
also showed that significant positive relationship between MSG
and elevational range for liverworts (path coeflicients = 0.33,
p < 0.1), and significantly negative relationship between MSG
and elevational range for mosses (path coefficients = —0.53,
p < 0.05, Figure 3).

DISCUSSION

The Support for the Diversification Rate
Hypothesis Differed Between Liverworts

and Mosses

The species richness of all bryophytes in China showed a clear
latitudinal gradient (i.e., higher species richness in low latitudes
than in high latitudes). Similar trend also was also reported for
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TABLE 1 | Multiple regression between species richness and diversification rate of all bryophytes, liverworts and mosses at province level (response variables) and the
average temperature of the coldest season (TCQ), the precipitation of the warmest season (PWQ), and the elevational range (ER) showing the estimated coefficients (83),

standard error, relative importance (RI) and R?.

Group Intercept TCQ PWQ ER R?

Species richness All bryophytes B —6.82 (3.90) 8.05 x 107% (2.4 x 1079) 6.12 x 1073 (1.5 x 1079) 1.44 (0.47) 0.62
RI 0.23 0.99 0.98

Liverworts B —7.22 (3.02) 7.63 x 1074 (1.9 x 10793) 569 x 1073 (1.1 x 1073) 1.06 (0.37) 0.69
RI 0.26 1 0.98

Mosses B —3.37 (3.40) 2.73 x 1073 (3.5 x 1079) 3.78 x 1073 (1.0 x 1079) 1.06 (0.35) 0.49
RI 0.22 0.96 0.95

Mean species All bryophytes B 21.71 (3.56) 0.02 (6.43 x 1079) 2.64 x 1074 (1.88 x 1079) 0.09 (0.43) 0.40

number per genus

RI 0.97 0.18 0.18

Liverworts B 11.78 (24.73) 0.04 (0.02) 2.51 x 1073 (7.35 x 1079) 2.60 (3.11) 0.35
RI 0.86 0.26 0.54

Mosses B 27.64 (3.71) 217 x 1074 (1.78 x 1079) 252 x 1073 (1.39 x 1079) —1.11(0.44) 0.40
RI 0.22 0.89 0.96

Species richness of bryophyte, liverworts, and mosses were all square root-transformed. Elevational range in each province was log-transformed. The models were
constructed using multiple model selection and model averaging. Bold Rl values indicated predictors with high relative importance.

woody plants in China and eastern Asia by previous studies
(Wang et al.,, 2011; Su et al.,, 2020). In addition, we found that
the geographical patterns of liverworts and mosses are quite
similar. However, the evolutionary mechanisms underlying those
patterns seem to be different. We found a positive relationship
between the species richness pattern and MSG, a measure of
recent net diversification, per province for all bryophytes and
liverworts. This finding indicates that the regions with high
species richness are mainly inhabited by bryophytes (especially
liverworts) with high recent net diversification rate, and therefore
is generally consistent with the diversification rate hypothesis.
Similar positive relationship between species richness pattern
and net diversification rate have also been reported for other
plant groups (e.g., Arecaceae in the New World, Svenning
et al., 2008; global Rhododendron, Shrestha et al., 2018; global
Zygophyllaceae, Wang et al., 2018). We also found that MSG
of all bryophytes tended to be high in warm and wet regions at
low latitude. The high MSG in warm and wet climate may reflect
the greater ecological success of bryophytes, especially liverworts
in tropical climate, or increase of individual number in tropical
climate which favor low extinction rate and high speciation rate
(Hubbell, 2001; Svenning et al., 2008). In addition, this trend
may result from the high recent speciation rates due to faster
molecular evolution and increased biotic interaction in tropical
climates (Mittelbach et al., 2007; Goldie et al., 2010). This is
consistent with previous findings of Laenen et al. (2018), that
tropical genera of liverworts have higher diversification rates and
younger ages than temperate liverworts.

In contrast of the results of liverworts and all bryophytes, we
found an insignificantly relationship between species richness
pattern and MSG of mosses (Figures 2C, 3C), suggesting that
the high moss species richness in southern China is not likely
the outcome of the recent high diversification. Furthermore, we
found negative relationships between MSG of mosses and water
availability and elevational range. First, the slightly high MSG in
northern China may reflect that many lineages of mosses such as

Grimmia, Syntrichia, and Tortula with fairly strong desiccation
tolerance are well adapted to dry climate (Vitt et al., 2014).
Some taxa have enhanced their drought tolerance with a suite of
adaptive structures, such as leaf hair points and papillae which
facilitate water retention and dew formation (Tao and Zhang,
2012; Vitt et al., 2014; Wu et al., 2014). In addition, a series of
physiological mechanisms such as high content of non-reducing
sugars and effective antioxidant allowing them to survive after
rapid desiccation (Proctor et al.,, 2007). Those adaptabilities to
dry climate of mosses may help them decrease the extinction
rates and/or increase speciation rate in northern China. Second,
those results for mosses are consistent with the prediction of
time-for-speciation hypothesis. Humid mountainous areas of
southern China may retain many ancient relict mosses with
low diversification rates, therefore decreased the diversification
rate there. We found that many mountainous provinces with
a humid climate such as Yunnan, Sichuan, Xizang, Guizhou,
Fujian, Taiwan have a large number of monotypic moss genera
(Supplementary Figure 3). Future studies are required to reveal
whether those monotypic genera are old as expected by time-for-
speciation hypothesis.

A More Important Role of Water
Availability Than Temperature

The univariate GLM, multiple regression and path analyses
consistently showed that water availability related variable PWQ
was the more important than energy-related variable TCQ in
affecting the species richness of all bryophytes, liverworts or
mosses. These findings consistent with previous studies on
bryophytes conducted in Macaronesian Island (Aranda et al.,
2014) and in China (Qian and Chen, 2016). Bryophytes are
early land plants, and water availability is the primary limiting
factor for the survival, growth and reproduction (Vitt et al., 2014;
Sakakibara, 2016). First, as the poikilohydric plant, bryophyte
have no vascular tissues to transport waters. Therefore, the water
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content of bryophyte is directly regulated by ambient humidity,
and most species rely on atmospheric precipitation to absorb
water (Patifio and Vanderpoorten, 2018). Although bryophytes
have evolved a certain degree of dehydration tolerance, long-term
lack of water will cause them to dry and dormant and unable
to perform normal physiological activities (Proctor et al., 2007).
Second, the dispersal of bryophytes is primarily driven by spores,
and the process of sexual reproduction and spore germination
must depend on water (Proctor et al., 2007; Aranda et al., 2014).

In this study, we found a relative low importance of TCQ
in regulating species richness pattern of bryophytes, which is
in contrast with the previous finding that TCQ is the strongest
predictors on species richness pattern of woody species in
China (Wang et al., 2011). Those results probably reflected that
bryophytes (especially mosses) have considerable cold tolerance
compared with woody plants. Most mosses can grow at low
temperature, and they still have net photosynthetic capacity
even at relatively low temperatures (Patifio and Vanderpoorten,
2018). At the same time, the increase of the concentration of
intracellular solute (such as soluble sugar) in cells of mosses
decreased the intracellular freezing point (Nagao et al., 2006),
which helps to prevent the formation of internal crystals and
avoid the destruction of cell structure by freezing. These all
increase the ability of mosses to tolerate low temperatures even
in glacier. Liverworts showed stronger richness-water availability
relationship and richness-energy relationship than mosses, which
were consistent with the results of the previous studies (Aranda
et al,, 2014; Qian and Chen, 2016). This probably reflected
that mosses generally have stronger cold and dry tolerance
than liverworts.

The Importance of Habitat Heterogeneity
Multiple regressions and path analyses showed that elevational
range is also an important contributor to the geographic pattern
of bryophyte species richness, suggesting that provinces with high
habitat heterogeneity hold more bryophytes. Firstly, mountains
have strengthened the geographical isolation within species,
therefore promoted the speciation rate (Tang et al., 2006; Xing
and Ree, 2017). That is, mountains are “cradles” of biodiversity.
In this study, we found that elevational range have a positive
influence on the geographic pattern of MSG of liverworts,
suggesting that habitat heterogeneity in mountains facilitated
the recent speciation of liverworts. Secondly, mountainous areas
serve as biological refuges, reducing the extinction of species.
Bryophytes are very sensitive to environmental changes (Gignac,
2001). Mountain areas with diverse habitats may preserve many
ancient and relict species of mosses, resulting in a lower
MSG. This also explains why MSG of mosses and elevational
range show a significant negative correlation (Supplementary
Figure 2). Finally, path analysis also showed a significant direct
effect of elevational ranges on species richness. This probably
reflected that regions with high elevational range provided the
diversified local climates, vegetation types and soil conditions
(Stein et al., 2014), therefore creating more ecological niches
for coexistence of more bryophytes. In addition, the effect may
also involve the other evolutionary processes induced by habitat
heterogeneity which are not considered in this analysis.

CONCLUSION

In this study, we found that the geographical pattern of liverwort
richness in China is significantly associated with the high recent
diversification rate (estimated by MSG) in warm, wet and
humid mountain areas. In contrast, for mosses, the geographical
pattern of species richness in China is not well-explained by
the MSG patterns, and the MSG are low in humid mountains
where monotypic and oligotypic genera are abundant. Our
study suggests the humid tropical and subtropical mountains
in China as not only diversity hotspots for bryophytes, but
also cradles for high recent diversification of liverworts, and
refuges for mosses to hold many monotypic and oligotypic
genera. Our study provided important information on ecological
and evolutionary causes of geographical pattern of bryophyte
richness. However, the conclusions drawn in our study call
for further tests especially using evolutionary information (e.g.,
evolutionary rates and evolutionary age) obtained from dated
phylogeny of bryophytes in the future.
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