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Introduction

The diversification of life through geological time showed different patterns on land and in the sea (e.g. [START_REF] Benton | Biodiversity on land and in the sea[END_REF][START_REF] Benton | The origins of modern biodiversity on land[END_REF][START_REF] Cascales-Miñana | Trends and patterns in the evolution of vascular plants: implications of a multilevel taxonomic analysis[END_REF], 2018;[START_REF] Xiong | Permian-Triassic land-plant diversity in South China: was there a mass extinction at the Permian/Triassic boundary?[END_REF][START_REF] Cascales-Miñana | What is the best way to measure extinction? A reflection from the palaeobotanical record[END_REF][START_REF] Cascales-Miñana | Apparent changes in the Ordovician-Mississippian plant diversity[END_REF][START_REF] Feng | From rainforest to herbland: new insights into land plant responses to the end-Permian mass extinction[END_REF]. Studies of the fossil record of marine faunas identify the famous "Big Five" mass extinctions and other evolutionary events in the sea [START_REF] Sepkoski | A kinetic model of Phanerozoic taxonomic diversity II. Early Phanerozoic families and multiple equilibria[END_REF][START_REF] Raup | Mass extinctions in the marine fossil record[END_REF][START_REF] Bambach | Phanerozoic biodiversity mass extinctions[END_REF][START_REF] Shen | Calibrating the end-Permian mass extinction[END_REF][START_REF] Harper | Contextualizing the onset of the Great Ordovician Biodiversification Event[END_REF]Fan et al., 2020). Compared to the marine fossil record, the terrestrial counterpart is patchier and more incomplete, particularly for vascular plants, and thus needs more consideration of potential sampling and taphonomic biases (e.g. [START_REF] Niklas | The quantification of plant biodiversity through time[END_REF][START_REF] Cleal | Plant biodiversity changes in Carboniferous tropical wetlands[END_REF][START_REF] Cascales-Miñana | What is the best way to measure extinction? A reflection from the palaeobotanical record[END_REF][START_REF] Xue | Silurian-Devonian terrestrial revolution in South China: Taxonomy, diversity, and character evolution of vascular plants in a paleogeographically isolated, low-latitude region[END_REF]. However, numerous studies have demonstrated that, with appropriate methodologies, true diversity signals can be extracted from the terrestrial fossil record, which indeed is the most important source of information for understanding the evolution of life on land (e.g. [START_REF] Knoll | Phanerozoic land-plant diversity in North America[END_REF][START_REF] Niklas | The quantification of plant biodiversity through time[END_REF][START_REF] Cleal | Plant biodiversity changes in Carboniferous tropical wetlands[END_REF][START_REF] Benton | The first half of tetrapod evolution, sampling proxies, and fossil record quality[END_REF][START_REF] Cascales-Miñana | What is the best way to measure extinction? A reflection from the palaeobotanical record[END_REF]. This paper stems from the ideas of [START_REF] Cleal | Plant biodiversity changes in Carboniferous tropical wetlands[END_REF]Cleal et al. ( , 2021)), who used a hierarchy of diversity measures, according to different geographical scales, to describe the plant diversity changes in Carboniferous wetlands of western Europe and eastern North America. By following [START_REF] Whittaker | Scale and species richness: towards a general, hierarchical theory of species diversity[END_REF] with some modifications, [START_REF] Cleal | Plant biodiversity changes in Carboniferous tropical wetlands[END_REF]Cleal et al. ( , 2021) ) suggested three levels of diversity suitable for studying the plant fossil record: local-scale diversity refers to species richness within an area of ca. 0.1 ha, which is considered to correspond to the vegetation represented by macrofossils from a single locality; landscape-scale and regional-scale diversities refer to species richness within areas up to and more than 10 5 km 2 respectively. These suggested values for the area limit of each spatial scale provide a criterion for comparison, although they could be adjusted for different regions; other organisms such as terrestrial vertebrates may have different area limits in light of their different ecological strategies. It is well known that variations of local-, landscapeand regional-scale diversities are different and are driven by distinct factors [START_REF] Geiger | The climate near the ground[END_REF][START_REF] Valdés | The contribution of patch-scale conditions is greater than that of macroclimate in explaining local plant diversity in fragmented forests across Europe[END_REF]. Measuring diversity at different scales is a practical way to get a better understanding of the nature of the fossil record and to reveal true biological signals. Thus, extrapolation of the methodology developed in [START_REF] Cleal | Plant biodiversity changes in Carboniferous tropical wetlands[END_REF]Cleal et al. ( , 2021) ) to study plant fossil records from other continents and other geological times should be promising. This paper represents such an effort and focuses on the Permian-Middle Triassic plant macrofossils from the North China Block (NCB).

The NCB has been an important source of various floras from the Carboniferous to Triassic (e.g. [START_REF] Gu | Palaeozoic Plants from China" Writing Group of Nanjing Institute of Geology and Palaeontology[END_REF][START_REF] Li | Fossil floras of China through the geological ages[END_REF][START_REF] Cleal | A new and diverse plant fossil assemblage from the upper Westphalian Benxi Formation, Shanxi, China, and its palaeofloristic significance[END_REF]Wang et al., 2002aWang et al., , b, 2012[START_REF] Wang | Ancient noeggerathialean reveals the seed plant sister group diversified alongside the primary seed plant radiation[END_REF].

In the past decades, terrestrial strata and the contained plant fossils in the NCB have been extensively studied, yielding a good fossil record for analyses of long-term diversity dynamics at a regional scale. Some floras have been well documented, such as the Yuzhou flora comprising 111 genera and 307 species of plants [START_REF] Yang | The Permian Cathaysian flora in western Henan Province, China-Yuzhou Flora[END_REF]Yang and Wang, 2012), the assemblages from Weibei Coalfield with 66 genera and 209 species [START_REF] Wang | Late Paleozoic macrofloral assemblages from Weibei Coalfield, with reference to vegetational change through the Late Paleozoic Ice-age in the North China Block[END_REF], and the Wuda tuff flora with in situ forests preserved as a vegetational Pompeii [START_REF] Wang | Permian vegetational Pompeii from Inner Mongolia and its implications for landscape paleoecology and paleobiogeography of Cathaysia[END_REF][START_REF] Wang | Ancient noeggerathialean reveals the seed plant sister group diversified alongside the primary seed plant radiation[END_REF]. Based on such a rich fossil record, however, there have been only limited quantitative studies of their palaeodiversities. Among these, [START_REF] Wang | Permian gigantic palaeobotanical events in North China[END_REF] first studied fluctuations in standing diversity of plant macrofossil from the Permian of NCB; later, [START_REF] Shen | On succession of Permian floras in North Qilian area[END_REF] described the diversity evolution of plants from the Permian of the North Qilian area, a part of the NCB; and more recently, Bond et al. (201) and [START_REF] Stevens | Radiation and extinction patterns in Permian floras from North China as indicators for environmental and climate change[END_REF], based mainly on [START_REF] Halle | Palaeozoic plants from central Shansi[END_REF]'s collection from Shanxi Province, recognized three extinction episodes among the Permian floras.

The accumulation of data in recent decades, with respect to the description of both many new floras and new chronostratigraphic data (e.g. [START_REF] Wang | Permian vegetational Pompeii from Inner Mongolia and its implications for landscape paleoecology and paleobiogeography of Cathaysia[END_REF][START_REF] Wu | High-precision U-Pb age constraints on the Permian floral turnovers, paleoclimate change, and tectonics of the North China block[END_REF][START_REF] Lu | Records of organic carbon isotopic composition (δ13Corg) and volcanism linked to changes in atmospheric pCO2 and climate during the Late Paleozoic Icehouse[END_REF] means that analyses based on an updated database are required. In this article, we aim to analyse vegetation diversity changes at different spatial scales and provide an updated observation of major extinction events, based on a newly compiled database of plant macrofossils from the Permian to Middle Triassic of the NCB.

General remarks on stratigraphy

The NCB is bounded to the north by the east sector of the Central Asian Orogenic Belt and to the south by the Qilian-Qinling-Dabie Mountains of the Central Orogenic Belt of China, and further to the south is the South China Block (e.g. Huang et al., 2018, their Fig. 1). The NCB occupied a low-latitude position through the Permian to Middle Triassic in some palaeogeographic reconstructions (Fig. 1A; Huang et al., 2018), while in other schemes it drifted north of 30ºN during the Early and Middle Triassic [START_REF] Scotese | Atlas of Earth History. Paleogeography, PALEOMAP Project[END_REF][START_REF] Boucot | Phanerozoic Paleoclimate: An Atlas of Lithologic Indicators of Climate[END_REF]. Through the Late Palaeozoic to Triassic, the NCB mainly supported terrestrial siliciclastic deposits bearing abundant plant fossils, but there were also some shallow marine deposits with animal fossils such as conodonts and fusulinids, facilitating stratigraphic dating and correlation [START_REF] Jin | Chinese stratigraphic code of Permian[END_REF].

According to [START_REF] Jin | Chinese stratigraphic code of Permian[END_REF], the NCB can be divided into four subregions in terms of the Permian strata, including (Fig. 1B): the Jin-Ji-Lu Subregion (including southwestern part of the Inner Mongolia, northeastern Ningxia, Shanxi, northern Shaanxi, northern Henan, northern-central Shandong and southern Hebei provinces); the North Qilian Subregion (including areas of northern (including southern-central Inner Mongolia, Beijing, northern Hebei, Liaoning and southern Jilin provinces); and the Huang-Huai Subregion (including southern-central Henan, southern Shaanxi, southern Shandong, northern Anhui, and northern Jiangsu provinces).

In the Jin-Ji-Lu Subregion, Permian strata are characterized by a well-known sequence, in ascending order comprising the Taiyuan, Shanxi, Lower Shihhotse, Upper Shihhotse, and Sunjiagou formations. The names of these lithological units are also used in other subregions, but some papers instead employ different lithological names in different subregions. A suggested correlation scheme for different units is provided here, as the basis for diversity statistics of plant genera and species (Fig. 2). A detailed discussion about the stratigraphy of the four subregions is provided in Appendix 1.

It should be noted that correlation of the Permian strata of the NCB to the standard international chronostratigraphic stages remains much debated, and different schemes have been suggested by different authors (e.g. Hilton and Cleal, 2007, their Fig. 4;Wang, 2010, his Fig. 10;Liu, 2018, his Fig. 1;Shen et al., 2019b, their Fig. 5;Wu et al., 2021, their Fig. 2;[START_REF] Lu | Records of organic carbon isotopic composition (δ13Corg) and volcanism linked to changes in atmospheric pCO2 and climate during the Late Paleozoic Icehouse[END_REF] their Fig. 2). Traditionally, the correlation among different sections was based on data of plant macrofossil assemblages and/or palynology. For instance, [START_REF] Wang | Late Paleozoic macrofloral assemblages from Weibei Coalfield, with reference to vegetational change through the Late Paleozoic Ice-age in the North China Block[END_REF] provided a review of the Late Palaeozoic plant macrofossil assemblages from the sequence through the Taiyuan to Sunjiagou formations; and [START_REF] Liu | Late Pennsylvanian to Wuchiapingian palynostratigraphy of the Baode section in the Ordos Basin, North China[END_REF] proposed eight palynological biozones for the same formations. More recently, [START_REF] Wu | High-precision U-Pb age constraints on the Permian floral turnovers, paleoclimate change, and tectonics of the North China block[END_REF] presented a new chronostratigraphic framework for the Permian succession of the NCB, based on high-precision U-Pb chemical abrasion-isotope dilution-thermal ionization mass spectrometry (CA-ID-TIMS) geochronology of tuffs. The order and correlation of formations remains the same (Fig. 2), but their matching to the international time scale differs substantially through the bulk of the Permian, except the beginning (Asselian) and end (Changhsingian). For a more recent discussion of these discrepancies see [START_REF] Lu | Records of organic carbon isotopic composition (δ13Corg) and volcanism linked to changes in atmospheric pCO2 and climate during the Late Paleozoic Icehouse[END_REF].

Over large areas of the NCB, Early and Middle Triassic strata are represented by the Liujiagou, Heshanggou and Ermaying formations. The Liujiagou Formation bears the Pleuromeia jiaochengensis-Crematopteris circinalis assemblage, distinct from plant macrofossils from the underlying Sunjiagou Formation [START_REF] Wang | Earlier Early Triassic fossil plants from upper part of the Shiqianfeng Group in North China[END_REF]. The Heshanggou Formation bears the Pleuromeia sternbergii-Crematopteris cf. typica assemblage, similar to the "Buntsandstein" flora of Europe, and the age of this formation was suggested to be Olenekian (Wang and Wang, 1990a;[START_REF] Li | Fossil floras of China through the geological ages[END_REF]. The age of the underlying Liujiagou Formation was thus deduced to be Induan [START_REF] Wang | Earlier Early Triassic fossil plants from upper part of the Shiqianfeng Group in North China[END_REF][START_REF] Li | Fossil floras of China through the geological ages[END_REF]. The age of the Ermaying Formation is suggested to be Anisian, based on the vertebrate Sinokannemeyeria association and CA-TIMS U-Pb zircon dating [START_REF] Liu | High-precision temporal calibration of Middle Triassic vertebrate biostratigraphy: U-Pb zircon constraints for the Sinokannemeyeria Fauna and Yonghesuchus[END_REF]. In Zhifang, Tongchuan City of Shaanxi Province, the Zhifang Formation was identified as coeval withthe Ermaying Formation [START_REF] Wang | Geochemical characteristics and depositional environments of mudstones from the Triassic Zhifang Formation in the Tongchuan Area, southern Ordos Basin, China[END_REF]. The correlation of other lithological units to the Liujiagou, Heshanggou and Ermaying formations is provided in Appendix 1.

Data matrix of plant macrofossils, analytical methods and rationale

Compilation of plant macrofossil records

We collected from the literature all published plant macrofossil records at the species level, including those with open nomenclature such as sp. and cf., and information about their stratigraphy and localities. The fossil records were divided approximately into the Jin-Ji-Lu, North Qilian, Daqingshan, Huang-Huai subregions, as noted above. Within each subregion, the species names were listed according to different stratigraphic units, such as the Taiyuan, Shanxi, Lower Shihhotse formations, etc. Our data were updated until Dec. 30, 2019 and are shown in Appendix 2. After this date, there have been a number of taxonomic descriptions of new taxa from different formations, but we consider that the addition of new data will have little effect on the overall taxonomic diversity trends obtained from the present dataset.

Based on the stratigraphic correlation discussed above (Fig. 2; Appendix 1), we divided the fossil records into eight stratigraphic units (thus, eight intervals) in ascending order: the middle-upper part of the Taiyuan Formation and its equivalents (TY interval); the Shanxi Formation and its equivalents (SX interval); the Lower Shihhotse Formation and its equivalents (LS interval); the Upper Shihhotse Formation and its equivalents (US interval); the Sunjiagou Formation and its equivalents (SJG interval); the Liujiagou Formation and its equivalents (LJG interval); the Heshanggou Formation and its equivalents (HSG interval); and the Zhifang and Ermaying formations and their equivalents (Z&E interval). Such a scheme is convenient for discussion and comparisons with other studies, since these stratigraphic units are commonly used, although their ages remain debated. Further studies will lead to some adjustments of the correlation scheme, thus demanding corresponding adjustment of the diversity patterns revealed here; however, our data are presented clearly enough for necessary revisions for the time scale.

A key problem with palaeobotanical diversity studies is that a single biological entity might be represented by several fossil-taxa for each of the different plant parts, and so will be represented in the literature by multiple taxonomic names (Cleal et al., 2021;Cleal and Thomas, in press). For example, the Carboniferous lycopsid tree Lepidodendron is famously given multiple names:

Stigmaria (roots), Lepidodendron (stems), Lepidostrobophyllum (dispersed sporophylls),
Cyperites (stem leaves), and Lepidostrobus (microsporangiate cones), among others (e.g. Cleal et al., 2021, their fig. 4). Not recognising this would lead to artificial inflation of taxa. One solution is to use the fossil-taxa for foliage or related structures for each plant group, and to exclude those based on other organs; this approach was used by [START_REF] Cleal | Plant biodiversity changes in Carboniferous tropical wetlands[END_REF]. Here we argue that the preserved plant parts likely represent only a subset of the "actual" number of the plants that once lived, and that including all different plant parts in the diversity estimation provides a different view from those based only on, for instance, foliage taxa. On the other hand, counting only foliage taxa may cause possible underestimation of the "real" plant diversity, because some plants might not be represented by their leaves or related structures in the fossil record. For instance, the vegetative stem leaves of arborescent lycopsids (e.g. the fossil-genus Cyperites) have been rarely recorded in the fossil record of the NCB. In our dataset, we make a test for the above inflation or underestimation effects by distinguishing the foliage genera (and their species) from non-foliage ones, and for the eight intervals, estimate the percentages of non-foliage taxa in the total diversity (Table 4). The percentages of non-foliage genera in six of the eight intervals range from 20% to 25%, while the percentages for the TY and Z&E intervals are 38% and 9%, respectively, and, for the analyses that include or exclude non-foliage taxa, the regional-scale diversities show consistent trends except for the TY and Z&E intervals (Fig. 11A). For this reason, we do not exclude non-foliage taxa from our analyses of bed-scale, landscape-scale, and regional-scale diversities.

Bed-scale diversity

Based on the methodology of [START_REF] Cleal | Plant biodiversity changes in Carboniferous tropical wetlands[END_REF], with some modifications, Figure 3 presents our working model and rationale. For each interval, we selected some well-studied, representative sections, and collected from the original literature, bed by bed, information on bed thickness, lithology, and plant species in each section (Table 1; Appendix 3). The bed thickness in the original descriptions is variable; some beds were described as being less than 1 m in thickness, and others were over ten metres or more. Thus, for mudstones and siltstones, beds less than or about 10 m thick were selected, while for sandstones, there were no thickness limits. For each bed, the species richness, Sbed for simplicity was counted and analyzed (Tables 1 and3) as this is widely recognised to be a robust measure of the ecological structure of a flora [START_REF] Magurran | Measuring Biological Diversity[END_REF][START_REF] Pardoe | Palaeobotanical experiences of plant diversity in deep time. 2: How to measure and analyse past plant biodiversity[END_REF].

There are two limitations in our dataset. First, the bed thickness of fine sediments in the literature varies from several centimetres to ca. 10 m. However, there is no significant correlation between bed thickness and number of species contained in these beds (Fig. 4A), indicating that bed thickness is not a controlling factor of plant diversity. Also, it cannot simply be generalized that thicker beds indicate longer depositional times because of different depositional rates in different settings. [START_REF] Shen | Episodic overbank deposition as a dominant mechanism of floodplain and delta-plain aggradation[END_REF] demonstrated that the aggradation rates of floodplains and delta-plains can reach 10-40 mm per year, and thus the aggradation of a 10-m-thick mudstone profile may take only 250 to 1,000 years (see also [START_REF] Gastaldo | Upper Carboniferous paleoecological reconstructions: observations and reconsiderations[END_REF][START_REF] Gastaldo | Historical perspective of early twentieth century Carboniferous paleobotany in North America[END_REF]. For the first four intervals (TY, SX, LS and US), the studied floras are mostly from fine sediments that are associated with or above coal seams, and as claimed by [START_REF] Cleal | Plant biodiversity changes in Carboniferous tropical wetlands[END_REF], the depositional processes for such floras, mostly being overbank flooding, would have been rapid. It is generally considered that the sandstone beds that are usually thick would have been formed in a high-energy environment with high depositional rates. Thus, the plants within a single bed represent either an instantaneous (T0) snapshot of the local vegetation, or a time-averaged assemblage over a relatively short time (e.g. less than 1,000 years, or more broadly, less than 10,000 years). Second, based on the original descriptions, it is difficult to determine whether the plants within these beds are autochthonous, parautochthonous or allochthonous [START_REF] Gastaldo | Historical perspective of early twentieth century Carboniferous paleobotany in North America[END_REF][START_REF] Pardoe | Palaeobotanical experiences of plant diversity in deep time. 2: How to measure and analyse past plant biodiversity[END_REF]. It is more likely that the plants within conglomerate or sandstone beds, mainly from the SJG and LJG intervals, are allochthonous. For the mudstone / siltstone beds, autochthonous or parautochthonous burial might be more common. We argue that, however, the allochthonous assemblages also contain vegetation information at a local scale, because: (1) labile foliages, with high rate of decomposition [START_REF] Gastaldo | The relationship between continental landscape evolution and the plant-fossil record: long term hydrologic controls on preservation (Chapter 7)[END_REF], are very abundant in our dataset; and (2) long-distance postmortem transported fragments seem to be rare, even if present. Nevertheless, on account of the above limitations, we consider that the bed-scale diversity in our study is not strictly equal to, but instead an approximation of, the local-scale diversity of [START_REF] Cleal | Plant biodiversity changes in Carboniferous tropical wetlands[END_REF]. By their definition, the local-scale diversity means "species diversity within an area of c. 0.1 ha, which effectively corresponds to the vegetation represented in the macroflora from a single fossil locality." Our bed-scale diversity is also an approximation of the within-habitat species diversity of [START_REF] Knoll | Phanerozoic land-plant diversity in North America[END_REF], a measure that is the total number of species in a given flora, and of the alpha-diversity, which represents the species number in an individual habitat [START_REF] Hofmann | Diversity partitioning in Permian and Early Triassic benthic ecosystems of the Western USA: a comparison[END_REF].

Landscape-scale diversity

For each interval, nearby localities with comparable lithological sequences, which have been documented to have accumulated in the same depositional system such as a fluvial, coastal, or deltaic system, were grouped together. Localities of the same group were plotted on the map, and then the minimum area that covers these localities were delimited by a convex hull, using the software Arcmap 10.2. We call this convex hull a geographic patch (or simply, patch), whose area can be measured. By doing this, we divided the fossil records of each interval into different patches, ranging in area from 10 4 to 10 5 km 2 , to represent diversity at the landscape scale (Table 2; Fig. 5). The genus and species numbers within each patch (Gpat and Spat) were counted, and the relationship between Gpat (or Spat) and the patch areas was investigated by correlation analyses. For each interval, the accumulation curves of Gpat and Spat, along with the stepwise addition of patches to the pool, were also drawn.

Species distribution maps of the patches for each interval are shown in Figure 5. These kinds of maps are intuitive and useful for demonstrating the geographical patterns of organisms at the regional or global scale [START_REF] Marco | Quantifying the relative irreplaceability of important bird and biodiversity areas[END_REF][START_REF] Dyer | The global distribution and drivers of alien bird species richness[END_REF]. However, plots of species diversity of fossil organisms often suffer from incomplete sampling, so our approach is to show differences between the patches within each interval, and changes in species diversity through the time intervals. The patches are colour coded according to levels of Spat in the species distribution maps, which were calculated in the software Arcmap 10.2. Network analysis (NA) is used to study and visualize the biogeographic structure of the floras and the connections and provincialism of organisms through geological time [START_REF] Kiel | Using network analysis to trace the evolution of biogeography through geologic time: A case study[END_REF]Huang et al., 2018). For each interval, a matrix was compiled for absence/presence of plant genera across the geographic patches for analysis by NA. The network diagrams generated by NA show how a patch is connected to others via shared genera. As shown in Figure 10, the larger nodes represent different patches, the smaller nodes represent plant genera, and the patches are connected to each other by lines linking shared genera; genera that occur in one only patch are plotted outside the corresponding patch, with a single line. Three attributes of the network were calculated for each interval, namely the average degree (AD), graph density (GD), and modularity (MD). For a given network, the AD is the number of lines divided by the number of nodes; the GD is the ratio of the number of lines to the number of all potential lines; and the MD is an index of network clustering, where a higher MD value indicates the nodes are more tightly connected or clustered (see Huang et al., 2018 for detailed explanation). The analyses were conducted in the Gephi software package (www.Gephi.org), based on methods introduced by Huang et al. (2018) and [START_REF] Wang | Network analysis and its application in paleontology-a preliminary introduction[END_REF]. The following settings were used: Force Atlas; Inertia 0.1; Repulsion strength 40000.0; Attraction strength 10.0; Maximum displacement 10.0; Auto stabilize function true; Autostab Strength 80.0; Autostab sensibility 0.2; Gravity 30.0; and Speed 1.0.

Regional-scale diversity

Diversity across the whole NCB, ca. 2.7 ×10 6 km 2 in area, can be considered to represent the regional-scale diversity. Based on the data from all localities of each of the eight intervals, the genus and species richnesses, Gtot and Stot, were calculated for each interval. Because of the great debate concerning the age of the Permian sequence of the NCB (Fig. 2), we cannot define the durations of the eight intervals, and thus we did not calculate the diversity per million years.

Extinction rates (ER), origination rates (OR), and turnover rates (TR) are important parameters that are commonly used in diversity analysis (see e.g. [START_REF] Xiong | Permian-Triassic land-plant diversity in South China: was there a mass extinction at the Permian/Triassic boundary?[END_REF]Cascales-Miñana et al., 2013, and references therein). For each interval, we calculated these rates according to the formulas:

ER = Ne / Ntot (1) OR = No / Ntot (2) TR = (Ne + No -SL) / Ntot (3),
where, Ne means the number of genera/species that became extinct in the studied interval, No, the number of genera/species that newly appeared in the studied interval, and SL, the number of genera/species that occurred only in the studied interval.

Then, we adopted the methodology of polycohort analysis used in [START_REF] Cleal | Plant biodiversity changes in Carboniferous tropical wetlands[END_REF] and plotted the survivorship curves for the genera and species. This method takes all the taxa that exist in an interval and plots their percentage survivorship through successive intervals.

Heterogeneity among sections

In ecology, heterogeneity is defined to evaluate differences in composition in different areas, and so can indicate isolation effects caused by distance or geographical barriers and changes in species composition along an environmental gradient [START_REF] Kolasa | Introduction: The heterogeneity of heterogeneity: A glossary (Chapter 1)[END_REF]. Here, for each interval, we first selected some representative sections, calculated pairwise Heterogeneity Index (HI) values at the generic level between pairs of sections, and then obtained the average and standard deviation of the pairwise HI values. For sections a and b, the pairwise HI was calculated as:

HI = Gn/Gab (4)
where, Gn is the number of genera not shared by sections a and b, and Gab the total number of genera in sections a and b.

The data processing mentioned above was performed using the software Excel and PAleontological STatistics (PAST) [START_REF] Hammer | PAST: Paleontological statistics software package for education and data analysis[END_REF].

Results

Diversity pattern in the TY, SX, LS and US intervals 4.1.1. Bed-scale diversity

The bed-scale species richness (Sbed) shows a large range (Fig. 4): 2-40 species for the TY interval; 1-55 species for the SX interval; 1-29 species for the LS interval; and 1-21 species for the US interval. However, most beds contain < 10 species. The median value of Sbed rises from the TY interval to the SX and LS intervals, and then declines slightly in the US interval (Fig. 6), while, statistically, the differences of the medians among the four intervals is not significant (Kruskal-Wallis test, X 2 = 3.386, p = 0.3343). The highest value occurs in the Shanxi Formation of the Longwanggou section, Inner Mongolia, where a 6.3-m-thick mudstone bed contains ca. 55 species (Table 1), including species of Sphenophyllum, Calamites, Annularia, Lobatannularia, Pecopteris, and others (Appendix 3.2; [START_REF] He | Research on the Late Palaeozoic coal-bearing stratigraphy and biota in Junggar, Nei Mongol (Inner Mongolia[END_REF].

Landscape-scale diversity

Seven geographic patches were created for the TY interval, shown as TY1 to TY7 in Figure 5A. A locality at Zibo, isolated from other localities, may form another patch, but the area of this patch is much smaller than the other patches. The seven patches range from 0.92-8.80 × 10 4 km 2 in area (Table 2). The total area of the seven patches reaches 4.05 × 10 5 km 2 , supporting 75 genera and 221 species. The genus and species richnesses (Gpat and Spat) in TY2 are highest, with 44 genera and 98 species.

Seven patches, SX1 to SX7, were created for the SX interval (Fig. 5B). The localities around Dongheishan are isolated, forming a limited patch area. The seven patches range from 2.08-13.06

× 10 4 km 2 in area (Table 2). The total area of these patches is 4.09 × 10 5 km 2 , supporting a total diversity of 125 genera and 490 species. Patch SX1 contains the highest diversity, with 83 genera and 271 species.

There are also seven patches in the LS interval, termed LS1-LS7 (Fig. 5C). The localities around Dongheishan form a much smaller one. The seven patches range from 3.48-12.55 × 10 4 km 2 in area (Table 2). The total area is 5.50 × 10 5 km 2 , and the total diversity increases to 143

genera and 635 species. The highest genus and species diversity occur in LS1, with 100 genera and 400 species.

Eight patches, from US1 to US8, were created for the US interval (Fig. 5D), ranging from 3.28-16.85 × 10 4 km 2 in area (Table 2). The total area reaches its largest value (7.07 × 10 5 km 2 ) in the Permian, with a total diversity of 152 genera and 597 species. The patch US1 contains the highest diversity, with 103 genera and 316 species.

To sum up, the median values of Gpat and Spat increase from the TY interval to the SX interval, slightly decreases in the LS interval, and then rebounds in the US interval (Fig. 7A,B). However, statistically, the medians of Gpat and Spat for the four intervals are not significantly different (Kruskal-Wallis test: X 2 = 5.955, p = 0.1134 for Gpat; X 2 = 6.869, p = 0.076 for Spat).

Generally, the larger the patch area, the more genera and species are found (Fig. 8A-D).

Nevertheless, for each of the four intervals, the correlation between patch area and plant diversity (Gpat and Spat) is not significant (Fig. 8A-D). As total area increases by the stepwise accumulation of patches, the curves for increasing Gpat and Spat appear to approach equilibrium (Fig. 9). When compared within the same cumulative area of about 4.0 × 10 5 km 2 , the corresponding diversity of the TY interval is considerably lower than for the other three intervals.

Species distribution maps (Fig. 5A-D Network analysis shows overall consistency for the networks of the four intervals (Fig. 10A-D), and the values of the average degree and modularity are also consistent (Table 7).

However, the graph density of the network for the TY interval is higher than for the other three intervals, because of lower generic diversity in the patches (i.e. Fig. 9A). For these four intervals, connections of patches by shared plant genera is dense, with very complex patterns, while some patches show high percentages of endemics (Fig. 10A-D).

Regional-scale diversity dynamics

Regional-scale diversity, across the whole of the NCB (Table 4; Fig. 11A), shows progressive increase of generic richness from the TY interval (76 genera) to the US interval (highest value of 152 genera). Species richness increases greatly through the TY interval to the LS interval, reaching peak of 643 species, then decreases slightly during the US interval.

The extinction rates of genera and species progressively increase from the TY/SX transition, SX/LS transition, to the LS/US transition; generic extinction rate ranges from 0.28-0.43, and species extinction rate ranges from 0.48-0.62 (Table 5; Fig. 12A,B). Showing an opposite trend to the extinction rates, species origination rates (Table 5; Fig. 12A,B) decrease progressively from the TY/SX transition, SX/LS transition, to the LS/US transition, with values ranging from 0.77-0.59. The genus origination rate is higher at the TY/SX transition, and lower at the SX/LS and LS/US transitions. Turnover rates show a decline from the TY/SX transition to the SX/LS transition, and then rebound a little at the LS/US transition.

Polycohort analyses (Table 6; Fig. 13A,B) show that the plant genera and species first occurring in the TY interval (the TY genera or species for simplicity) gradually disappear in the subsequent three intervals. The survival percentage of TY genera is 72% in the SX interval, 67% in the LS interval, and 57% in the US interval, and the survival percentage of TY species is 52% in the SX interval, 45% in the LS interval and 30% in the US interval. Thus, the TY/SX transition saw the greatest magnitude of loss of TY genera and species. SX plants show survival of 67% genera and 49% species in the LS interval and 51% genera and 32% species in the US interval; again, the greatest magnitude of diversity loss occurs at the SX/LS transition. LS plants show survival of 57% genera and 38% species in the US interval.

The average values of the heterogeneity index are comparable through the four intervals (Table 4; Fig. 11B). This means that, for different intervals, differences among different sections are comparable.

Diversity patterns across the US/SJG transition

Available data for the estimation of bed-scale diversity (Sbed) of the SJG interval are limited, from limited descriptions of fossil plants and information on detailed bed thicknesses. Only five beds of this interval were considered, and Sbed ranges from 1-9 (average, 4). Three beds were recorded as fine-grained sandstone, with thinly bedded mudstone, and two others are mudstone or siltstone. Apparently, the average bed-scale diversity declines considerably from the US interval to the SJG interval (Tables 1 and3; Figure 5). However, the difference of the median Sbed between these two intervals is not significant (Mann-Whitney test, z = -1.533, p = 0.1254).

Species distribution maps across the NCB also show a rapid change of species diversity before and after the SJG interval and subsequently. The TY-to-US intervals show more patches, larger sum area of the patches, and higher diversity; and the SJG-to-Z&E intervals show fewer patches, smaller sum area of the patches, and lower diversity. The number of plant-bearing localities is much lower in the SJG interval, and only four patches, SJG1-SJG4, were created here (Fig. 5E).

The four patches range from 2.26 ×10 4 km 2 (SJG3) to 4.51 × 10 4 km 2 (SJG1) in area, with a total area of 1.34 × 10 5 km 2 . The total diversity, 56 genera and 97 species, decreases greatly compared with the TY-to-US intervals. Patch SJG1 contains the largest diversity, with 21 genera and 34 species. The US/SJG transition saw the decline of the average Gpat from 45 to 19 and the decline of the average Spat from 116 to 27 (Table 3; Fig. 7). The difference in median Spat between the US and SJG intervals is significant at an alpha level of 0.1 (Mann-Whitney test: z = -1.953, p = 0.0508), while the difference in median Gpat betweenf the US and SJG intervals is not significant (Mann-Whitney test: z = -1.613, p = 0.1066).

There were great changes in the three attributes of the patch-genus networks across the US/SJG transition (Table 7), indicating substantial changes in the distribution patterns of plants (Fig. 10). Across this transition, the decrease in average degree and increase in graph density might reflect a rapid decline of total diversity in the network, while the increase in modularity value indicates that the patches are more tightly connected in the SJG interval. For instance, the patches SJG3 and SJG4 show no or few endemics. The network pattern of the SJG interval is followed in the LJG and HSG intervals.

The regional-scale diversity reduces greatly from 152 genera and 597 species in the US interval to 58 genera and 100 species in the SJG interval, and afterwards, total diversity did not recover to a level comparable to that in the TY-to-US intervals. The heterogeneity indices among sections are consistent between the US and SJG intervals (Table 4; Fig. 11B).

Across the US/SJG transition, the genus extinction and turnover rates are 0.76 and 0.79 respectively, and the species extinction and turnover rates reach 0.94 and 0.95 respectively, indicating that substantial changes occurred in floristic composition. Across this transition, the genus origination rate is 0.36, the smallest value through the eight studied intervals, and the species origination rate is 0.65, among the lower values of the studied intervals, indicating limited speciation.

Polycohort analysis shows most plant genera and species disappeared at the US/SJG transition (Fig. 13). In the SJG interval, the surviving percentage of plant genera that first occur in the TY-to-US intervals is less than 30%, and the surviving percentage of the TY-to-US plant species, less than 6%. Thus, the extinction is serious at both generic and species levels, but more severe for species.

Diversity patterns across the SJG/LJG transition

In the LJG interval, we have data from only three beds to estimate bed-scale diversity (Sbed),

showing one, six, and 11 species in the beds, and the diversity level is seemingly comparable with that of the SJG interval (Table 1; Fig. 5).

Compared to the SJG interval, the number of fossil localities decreases in the LJG interval, and we could create only two patches, LJG1 (5.52 × 10 4 km 2 ) and LJG2 (8.68 × 10 4 km 2 ) (Fig. 5F). The localities near Yangshugou are limited in area. There are 20 genera and 34 species in the total 1.42 × 10 5 km 2 area. The Gpat and Spat show a slight decline from the SJG to the LJG interval (Table 3; Fig. 7A,B).

Regional-scale diversity declines from 58 genera and 100 species in the SJG interval to 32 genera and 52 species in the LJG interval (Table 3; Fig. 11A). Two sections in the LJG interval are available for estimation of the heterogeneity index, with a value of 0.75, comparable to the average level of the SJG interval (Table 6; Fig. 11B). The SJG/LJG transition saw the highest levels of extinction, origination, and turnover rates of plant genera (0.88) and species (0.97) among all studied intervals (Fig. 12). These high turnover values show that the floras of the LJG interval are almost completely new compared to those of the SJG interval.

Polycohort analysis shows that almost all plant species occurring in the TY-to-US intervals became extinct in the LJG interval (the surviving percentage is ca. 2% or less; Table 6; Fig. 13).

Only a very small proportion of the SJG floras continued in the LJG interval, and the surviving percentage is 17% for genera and 5% for species.

Diversity pattern in the Early to Middle Triassic

The records of bed-scale diversity in the HSG and Z&E intervals are limited. One bed in the HSG interval shows six species in a bed of 2-m-thick sandstone, and three beds in the Z&E interval show four, eight, and 20 species, respectively. Although the available data are limited, it is likely that the diversity level within a single bed is comparable with that of the preceding intervals.

Three patches HSG1, HSG2 and HSG3 were created in the HSG interval (Fig. 5G), of which HSG1 has the highest genus and species diversity, with 49 genera and 85 species in a 6.98 × 10 4 km 2 area (Table 2). The total diversity of the three patches is 53 genera and 99 species.

Two patches, Z&E1 (7.85 × 10 4 km 2 ) and Z&E2 (6.35 × 10 4 km 2 ), were created for the Z&E interval (Fig. 5H). Two localities Linjiawaizi and Qiandianzi form a much smaller patch. The Z&E1 patch has 40 genera and 64 species, and the Z&E2 patch 17 genera and 23 species (Table 2).

There is a total of 46 genera and 75 species in the sum of the two patches (1.42 × 10 5 km 2 in total area). The median values of Gpat and Spat remain low in the HSG interval but more than double in the Z&E interval (Table 3; Fig. 7A,B).

After the LJG interval, regional-scale diversity rebounds a little in the HSG and Z&E intervals but is still far lower than that in the LS and US intervals. The extinction rate of genera and species declines greatly at the LJG/HSG transition, but origination and turnover rates are higher at the LJG/HSG transition and the HSG/Z&E transition (Table 5; Fig. 12A,B).

Polycohort analysis shows that the genera arising in the LJG interval survived 53% to 59% in the HSG and Z&E intervals, and that the genera first occurring in the HSG interval survived 48% in the Z&E interval (Table 6; Fig. 13A,B). This indicates the floristic components across the interval boundaries of the Triassic are more similar, compared to the great turnover across the US/SJG and SJG/LJG transitions.

Discussion

Comparison with previous results

Wang (1989) was first to study diversity fluctuations of plant macrofossils at regional scale through the Permian to earliest Triassic of the vast area of the NCB (including Inner Mongolia, Liaoning, Hebei, Ningxia, Gansu, Shanxi, Shaanxi, and Henan). He recognized two major events:

the first, at the US/SJG transition, which represents the replacement of Palaeophytic by Mesophytic floras as defined by [START_REF] Cleal | The Carboniferous coal swamp floras of England: a window on an ancient tropical ecosystem[END_REF]Cascales-Miñana (2014, 2021); the second, at the SJG/LJG transition, representing the terminal Permian mass extinction (Fig. 14). We confirm these two events, now based on a much-enlarged dataset, with better dating, and from much wider coverage across the NCB. [START_REF] Shen | On succession of Permian floras in North Qilian area[END_REF] noted a floral crisis at the base of the Yaogou Formation (corresponding to the base of the US interval here), with the extinction of more than half the plant species, based on their study of plant macrofossils from the Permian of the North Qilian area, the western part of the NCB (Fig. 14). However, we do not find this event, as our species distribution maps show an increase in both diversity and patch area in the western part of the NCB during the US interval (Fig. and their bed-by-bed comparisons through the Lower Shihhotse and Upper Shihhotse formations differ from ours in temporal resolution (Fig. 14). Our species distribution maps show a major loss of diversity in patch US2, probably corresponding to the last event of [START_REF] Stevens | Radiation and extinction patterns in Permian floras from North China as indicators for environmental and climate change[END_REF].

Our study indicates that diversity patterns differ in different subregions, as shown in our species distribution maps (Fig. 5). Patches containing more than 200 species (i.e. Spat > 200) in our species distribution maps (Fig. 5, dark green areas) are located in northern and southern parts of the NCB during the SX interval, in central and southern parts during the LS interval, and only in the southern part during the US interval. Thus, from the SX to the US interval, there was a southward drift of highest diversity patches, and the destruction of floras across the NCB was not synchronous, occurring earlier in the north and later in the south. This trend correlates with the shift of the deposition centre of coal seams in the NCB (Liu, 1990, his figs. 5, 7, 8), in that thick coal seams occur across large areas of the NCB in the TY and SX intervals but are limited to the southern part of the NCB in the LS and US intervals.

Stability and variability of the floras through the TY, SX, LS and US intervals

The floras of the TY, SX, LS and US intervals (TY-to-US, for simplicity) in the NCB are mainly preserved in coal-forming environments (e.g. [START_REF] Pfefferkorn | Early Permian coal-forming floras preserved as compressions from the Wuda District (Inner Mongolia, China)[END_REF][START_REF] Wang | Late Paleozoic macrofloral assemblages from Weibei Coalfield, with reference to vegetational change through the Late Paleozoic Ice-age in the North China Block[END_REF][START_REF] Wang | The Carboniferous-Permian transition on the North China microcontinent-Oceanic climate in the tropics[END_REF], matching the composition and ecology of Pennsylvanian floras from Euramerica (e.g. [START_REF] Hilton | The relationship between Euramerican and Cathaysian tropical floras in the Late Palaeozoic: Palaeobiogeographical and palaeogeographical implications[END_REF][START_REF] Dimichele | Response of Late Carboniferous and Early Permian plant communities to climate change[END_REF][START_REF] Dimichele | Wetland-dryland vegetational dynamics in the Pennsylvanian ice age tropics[END_REF][START_REF] Thomas | Distinguishing Pennsylvanian-age lowland, extra-basinal and upland vegetation[END_REF]. In Pennsylvanian Euramerica, both wetland vegetation and seasonally dry vegetation occurred, and they each dominated at different times under different climatic regimes (DiMichele, 2014). Our dataset did not differentiate between these two types of vegetation, since only a few original descriptions contained sedimentological and/or ecological data (e.g. [START_REF] Wang | Permian vegetational Pompeii from Inner Mongolia and its implications for landscape paleoecology and paleobiogeography of Cathaysia[END_REF],

while most records lacked such information. [START_REF] Pfefferkorn | Early Permian coal-forming floras preserved as compressions from the Wuda District (Inner Mongolia, China)[END_REF] described four floras from a 4.32-m-thick section of the "Shanxi Formation" (corrected to Taiyuan Formation in later studies; see [START_REF] Wang | Permian vegetational Pompeii from Inner Mongolia and its implications for landscape paleoecology and paleobiogeography of Cathaysia[END_REF], three of which are autochthonous and represent peat-forming communities, and one is parautochthonous and represents plants growing around a water body on a clastic substrate. These suggest spatial heterogeneity of landscapes and vegetations even in a single fossil site. Such distinctive plant assemblages also occurred earlier in Pennsylvanian-age lowlands including levee and floodplain vegetation (DiMichele and Nelson, 1989).

The bed-scale diversity of the TY-to-US intervals of the NCB is comparable to the local-scale diversity of the eastern part of the South Wales Coalfield, where species richness at the local scale is ca. 14 on average, with a range from 9-39 [START_REF] Cleal | Plant biodiversity changes in Carboniferous tropical wetlands[END_REF] Table 3). This compares well with our bed-scale species richness values of 8-13, although we did find some beds with over 50 species, suggesting great heterogeneity in the NCB Permian-Triassic floras. Our floras also exceed some of the values suggested by [START_REF] Cleal | Plant biodiversity changes in Carboniferous tropical wetlands[END_REF] for landscape-scale species richness, ranging from 40-100 in an area of ca. 10 -3 to 10 5 km 2 , based on the Pennsylvanian floras of Euramerica.

The patches we delimited for the TY-to-US intervals in the NCB are comparable in area to the Pennines (6.70 × 10 4 km 2 ) and Ruhr (1.20 × 10 4 km 2 ) basins investigated by [START_REF] Cleal | Plant biodiversity changes in Carboniferous tropical wetlands[END_REF]. The Spat in the TY interval is estimated to be 48 on average, well within the range suggested by Cleal et al., but the mean Spat for patches of the SX, LS and US intervals are much higher, at 126, 128, and 116, respectively. Several patches of the NCB contain more than 200 species, much higher than observed in the Pennines, Ruhr and South Wales basins of Euramerica; the reason for this may be due to the practices of splitting by taxonomists (e.g. [START_REF] Yang | The Permian Cathaysian flora in western Henan Province, China-Yuzhou Flora[END_REF], and also, the European data were standardized by including only taxa for one plant part per plant group, while the Chinese data were not processed in the same way.

At the regional scale across the NCB, the polycohort analysis shows higher survival rates, with more than half of genera surviving, at the TY/SX, SX/LS, and LS/US transitions. The rates of extinction, origination and turnover are more-or-less stable, with relatively lower extinction rates and higher origination rates. In Weibei Coal Field, six species (Lepidodendron oculus-felis, Stigmaria ficoides, Sphenophyllum oblongifolium, Calamites cistii, C. suckowii and Cordaites principalis) were present throughout the TY-to-US intervals, and floras in the SX interval show great similarities to floras in later intervals, and ca. 41% of species in the TY-to-LS intervals persisted in the US interval [START_REF] Wang | Late Paleozoic macrofloral assemblages from Weibei Coalfield, with reference to vegetational change through the Late Paleozoic Ice-age in the North China Block[END_REF]. The Yuzhou floras from the southern part of the NCB show that ca. 75% of species are shared with the Zhutun and Shenhou formations; 67% of the Zhutun Formation species persisted into the Xiaofengkou Formation, and 57% of Xiaofengkou Formation species persisted into the Middle to Upper Yungaishan Formation [START_REF] Yang | The Permian Cathaysian flora in western Henan Province, China-Yuzhou Flora[END_REF]. [START_REF] Li | Fossil floras of China through the geological ages[END_REF] [START_REF] Li | Fossil floras of China through the geological ages[END_REF][START_REF] Yang | The Permian Cathaysian flora in western Henan Province, China-Yuzhou Flora[END_REF][START_REF] Wang | Late Paleozoic macrofloral assemblages from Weibei Coalfield, with reference to vegetational change through the Late Paleozoic Ice-age in the North China Block[END_REF]. These assemblages, with their comparable diversity, higher survival rates, and relatively stable extinction, origination and turnover rates, indicate that floras through the TY-to-US intervals were relatively continuous and stable.

The dominant plant assemblages in the NCB are distinct from coeval floras in Euramerica by many endemic elements, e.g. Lobatannularia, Tingia, Cathaysiopteris, Cathaysiodendron, Emplectopteris, Emplectopteridium, and Gigantonoclea [START_REF] Li | Fossil floras of China through the geological ages[END_REF], and particularly, at the species level [START_REF] Wang | Permian vegetational Pompeii from Inner Mongolia and its implications for landscape paleoecology and paleobiogeography of Cathaysia[END_REF]. The TY-to-US floras in the NCB comprise diverse lycopsids, ferns, sphenopsids, pteridosperms, and woody cordaitaleans, the floras of peat-forming landscapes of a wetland biome with humid to moist subhumid climate in the Late Palaeozoic, as also demonstrated in Euramerica Late Carboniferous floras (e.g. [START_REF] Galtier | Coal-ball floras of the Namurian-Westphalian of Europe[END_REF][START_REF] Galtier | Structure and development of Sphenophyllum oblongifolium from the Upper Carboniferous of France[END_REF][START_REF] Thomas | Phytogeography of Asturian (Westphalian D) lycophytes throughout the Euramerican belt of coalfields[END_REF][START_REF] Thomas | Stigmaria Broungniart: a new specimen from Duckmantian (Lower Pennsylvanian) Brymbo (Wrexham, North Wales) together with a review of known casts and how they were preserved[END_REF][START_REF] Bashforth | Paleoecology of Early Pennsylvanian vegetation on a seasonally dry tropical landscape (Tynemouth Creek Formation, New Brunswick, Canada)[END_REF], their Table 1). The relatively stable tropical coal-bearing floras in Euramerica persisted through much of the Pennsylvanian, lasting for about 10-30 Ma in different regions, and disappeared in parallel with the drying trend in the earliest Permian [START_REF] Calder | The Euramerican Coal Province: controls on Late Paleozoic peat accumulation[END_REF][START_REF] Dimichele | Response of Late Carboniferous and Early Permian plant communities to climate change[END_REF][START_REF] Cleal | Plant biodiversity changes in Carboniferous tropical wetlands[END_REF][START_REF] Cleal | The Carboniferous coal swamp floras of England: a window on an ancient tropical ecosystem[END_REF]. The development of abundant coal-bearing floras coincided with the significant global climatic cooling of the Late Palaeozoic Ice Age, which reached its glacial maxima in the Pennsylvanian (late Bashkirian-Moscovian) and Cisuralian (Sakmarian) separated by a major interglacial during the Kasimovian, and then deglaciated after the Sakmarian [START_REF] Gastaldo | Out of the icehouse into the greenhouse: A Late Paleozoic analog for modern global vegetational change[END_REF]Isbell et al., 2003). The coal-bearing floras in the NCB, located at a similar latitude to North America in the Late Palaeozoic (Huang et al., 2018), flourished later than those in Euramerica, but probably lasted over a similar age range. This implies that the duration of the TY-to-US interval might be much shorter than previously thought. This could suggest that the time scale newly calibrated by [START_REF] Wu | High-precision U-Pb age constraints on the Permian floral turnovers, paleoclimate change, and tectonics of the North China block[END_REF] is highly plausible, suggesting that the TY-to-US interval corresponds to the Asselian to Kungurian, the Cisuralian Epoch, at least in some parts of the NCB (Fig. 2).

Interpretation of the US/SJG transition event

As discussed above, the TY-to-US floras are overall stable and successive, with comparably high diversities. However, there is a major decline in regional-scale plant diversity from the US interval to the SJG interval, and the reduction in bed-scale and landscape-scale diversities is also likely, yet statistically not significant. Patch US1 in the south of the NCB shows more than 300 species, but this patch does not continue into the SJG interval when patch SJG3 is limited in area and has only 15 species. Patch US2 shows 183 species but shrank in area to patch SJG2 with only 50 species. The Sunjiagou Formation of the Wenquan Section, Henan Province is more than 800 m thick and has 92 beds dominated by sandstone and red mudstone, but identifiable plant fossils have been found in two only beds [START_REF] Wang | New advance of the study of the Shiqianfeng Formtion in western Henan[END_REF]). The regional-scale diversity shows higher extinction rates, lower origination rates, and much lower plant survival percentages, indicating a severe plant extinction at this transition. Most widespread genera became extinct or shrank in their geographic distribution.

If the age determination provided by [START_REF] Wu | High-precision U-Pb age constraints on the Permian floral turnovers, paleoclimate change, and tectonics of the North China block[END_REF] is correct, the suggested stratigraphic truncation, or unconformity, between the Upper Shihhotse and Sunjiagou Formations indicates an uplift of the NCB after the end of Cisuralian and before the re-start of sedimentation ca. 20 myr later. Thus, it is not surprising that there was a great disruption of floral development across the US/SJG interval transition. [START_REF] Liu | Permo-Carboniferous paleogeography and coal accumulation and their tectonic control in the North and South China continental plates[END_REF] showed that depositional environments changed substantially from the TY-to-US to SJG intervals. Peat swamps fed by both rainwater and groundwater were widely distributed in the TY and SX intervals, forming thick coals across large areas of the NCB [START_REF] Liu | Permo-Carboniferous paleogeography and coal accumulation and their tectonic control in the North and South China continental plates[END_REF]. In the LS and US intervals, coals with a thickness of more than 20 m became restricted to the southern part of the NCB, but coal-forming plant assemblages persisted in other areas. Based on the litho-geographical maps of [START_REF] Liu | Permo-Carboniferous paleogeography and coal accumulation and their tectonic control in the North and South China continental plates[END_REF], areas with >5-m-thick coal seams extend over ca. 1.20 × 10 6 km 2 in each of the TY and SX intervals, and 1.90 × 10 5 km 2 in the LS plus US intervals, but coals disappeared in the SJG interval (Fig. 14). Our data collected from the original descriptions show that red beds first appeared in the LS interval (e.g. at the Songshuzhen Section, Jilin Province; Appendix 3. Zamiopteris and Nephropsis are found in the US interval [START_REF] Li | Fossil floras of China through the geological ages[END_REF][START_REF] Yang | The Permian Cathaysian flora in western Henan Province, China-Yuzhou Flora[END_REF][START_REF] Wang | Permian vegetational Pompeii from Inner Mongolia and its implications for landscape paleoecology and paleobiogeography of Cathaysia[END_REF][START_REF] Wang | A new cordaitean pollen cone and pollen grains in situ from the Early Permian of Hexi Corridor and its geotectonic significance[END_REF]. The conifer Walchia piniformis was reported in the SX interval in Gansu Province, in the western part of the NCB [START_REF] Liu | On the occurrence of Walchia piniformis in China for the first time and the description of W. longifolia sp[END_REF], and another conifer, Batenburgia, was reported in the SX interval in Henan Province, in the southern part of the NCB [START_REF] Hilton | Batenburgia sakmarica Hilton et Geng, gen. et sp. nov., a new genus of conifer from the Lower Permian of China[END_REF]. Although no conifer leaves were found in the TY interval, the petrified conifer woods Araucarioxylon, Sinopalaeospiroxylon, Damudoxylon, Decoroxylon, Szeioxylon, and Zalesskioxylon were reported from Inner Mongolia and Liaoning (Zhang et al., 2006a). These taxa occurred later than the Carboniferous conifers of Euramerica [START_REF] Dimichele | From wetlands to wet spots: Environmental tracking and the fate of Carboniferous elements in Early Permian tropical floras[END_REF]. Walchia and Ullmannia persisted through the SX interval to the SJG interval, with more species in the US and SJG intervals over wide areas in the NCB [START_REF] Wang | Late Permian fossil plants from the lower part of the Shiqianfeng (Shichienfeng) Group in North China[END_REF][START_REF] Li | Fossil floras of China through the geological ages[END_REF][START_REF] Yang | The Permian Cathaysian flora in western Henan Province, China-Yuzhou Flora[END_REF].

Only a small number of conifers occurred in the TY-to-US intervals, probably representing pulses of slight seasonal dry climate in the overall humid wetland landscapes in the NCB. However, diverse Cordaitaleans of the US interval mostly disappeared in the SJG interval, while more coniferous leaves and petrified woods persisted in the SJG interval [START_REF] Wang | Palaeovegetation and plate tectonics: palaeophytogeography of North China during Permian and Triassic times[END_REF][START_REF] Wang | Late Permian fossil plants from the lower part of the Shiqianfeng (Shichienfeng) Group in North China[END_REF]Zhang et al., 2006a;[START_REF] Feng | A unique gymnosperm from the latest Permian of China, and its ecophysiological implications[END_REF][START_REF] Feng | Ningxiaites specialis, a new woody gymnosperm from the uppermost Permian of China[END_REF]Fig. 14). This gradual transition from cordaitalean to coniferalean dominance suggests a gradual drying trend in the tropics [START_REF] Dimichele | Wetland-dryland vegetational dynamics in the Pennsylvanian ice age tropics[END_REF]. Our polycohort analysis shows that some assemblages of the TY-to-US intervals persisted in the SJG interval, mainly the surviving walchian conifers, Taeniopteris, peltasperms and low-stature Equisetales. These assemblages indicate an overall dryland environment in a semiarid climate, similar to the Euramerica floras [START_REF] Bashforth | Paleoecology of Early Pennsylvanian vegetation on a seasonally dry tropical landscape (Tynemouth Creek Formation, New Brunswick, Canada)[END_REF] Table 1). Compared to the TY-to-US intervals, the percentage of advanced gymnosperms increased to about one half of total diversity in the SJG interval. Thus, there is a big change in floristic components from the US to SJG interval, with the majority of peat-forming plants Lepidodendron, Tingia, Annularia and Lobatannularia becoming extinct; the former interval is characterized by the dominance of moist wetlands, with occasional addition of elements of seasonal dry climate, while the latter interval is dominated by semiarid dryland floras, with a few new species migrating or originating. The drying, and the associated drop of groundwater level, is the likely killer of most wetland plants.

Interpretation of the SJG/LJG transition event

Compared to the US/SJG transition event, the SJG/LJG extinction happened in a context of lower diversity, thus giving the impression that this later extinction was less severe than the former.

However, our data show that the SJG/LJG transition event probably represents the terrestrial equivalent of the end-Permian mass extinction of marine faunas (e.g. [START_REF] Song | Two pulses of extinction during the Permian-Triassic crisis[END_REF]Shen et al., 2019a). The highest extinction rate occurs at the SJG/LJG transition, and the origination rate is also highest across the eight studied intervals, providing the highest turnover rates of plant genera and species. Almost all Permian plant species became extinct at this transition. The walchian conifers, a few Cordaitaleans and some residual woody lycopsids and sphenophytes in the SJG interval became extinct, and were replaced by new elements, such as Pleuromeia, and some new types of conifers and Cycadophyta [START_REF] Wang | New data of fossil plants from Shiqianfeng Group in N. China[END_REF][START_REF] Wang | Earlier Early Triassic fossil plants from upper part of the Shiqianfeng Group in North China[END_REF]Zhang et al., 2006b;Fig. 14). In the LJG interval, our plant distribution map shows the lowest species diversity in only three patches. The continuous red-bed units became thickest in the LJG interval (Fig. 14). It can be seen from the few recorded sections, e.g. Nantianmen and Xigou-zhangjiamen sections in Henan Province, and Liulin-Wubu-Zhangjiayan Section in Shanxi and Shaanxi, that plant fossils were mainly found in the middle-lower part, and disappeared in the upper part of the SJG interval (Appendix 3.5). Plant fossils were not seen in the lower part of the LJG interval and reappeared as new elements in the middle-upper part of this interval in the Peijiashan Section in Shanxi Province and Yangshugou Section in Liaoning Province (Appendix 3.6), suggesting that the most severe extinction occurred between the upper part of the SJG interval and lower part of the LJG interval.

This seems to be synchronous with the negative excursion in δ 13 C and δ 18 O of soil carbonate in the uppermost Sunjiagou Formation and the rapid transition from meandering rivers to braided rivers and aeolian systems in the NCB [START_REF] Zhu | Altered fuvial patterns in North China indicate rapid climate change linked to the Permian-Triassic mass extinction[END_REF]. Besides, it is reported that microbially-induced sedimentary structures such as wrinkles are diverse in the Liujiagou Formation [START_REF] Chu | Early Triassic wrinkle structures on land: stressed environments and oases for life[END_REF].

Similar sudden sedimentary changes in terrestrial depositional systems also happened in Russia, South Africa, Australia and Spain, as a worldwide event at the Permian-Triassic transition [START_REF] Newell | Interplay of tectonics and climate on a transverse fluvial system, Upper Permian, southern Uralian foreland basin, Russia[END_REF][START_REF] Ward | Abrupt and gradual extinction among Late Permian land vertebrates in the Karoo Basin, South Africa[END_REF][START_REF] Benton | Impacts of global warming on Permo-Triassic terrestrial ecosystems[END_REF].

Around the PTB, there was a climate gradient from high latitudes to equatorial regions (Benton and Newell, 2014, their fig. 3;[START_REF] Zhu | Altered fuvial patterns in North China indicate rapid climate change linked to the Permian-Triassic mass extinction[END_REF], their fig. 1), and thus it is not surprising that plants located in different latitudes or different regions show distinct changes. Peat mire ecosystems suddenly collapsed, with more than ca. 95% coal-bearing plants becoming extinct, in eastern Australia, which was located at high latitudes with a cold climate [START_REF] Michaelsen | Mass extinction of peat-forming plants and the effect on fluvial styles across the Permian-Triassic boundary, northern Bowen Basin, Australia[END_REF]. A similar rapid disaster of peat-forming plants also happened across the PTB in southwestern China, which was near the equator with a tropical climate [START_REF] Yu | Vegetation changeover across the Permian-Triassic Boundary in Southwest China[END_REF][START_REF] Feng | From rainforest to herbland: new insights into land plant responses to the end-Permian mass extinction[END_REF]. In contrast, Europe, on the other hand, which was located at low to middle latitudes with a subtropical arid climate, and peat swamps bearing abundant peat-forming plants occurred mainly in the Late Carboniferous, and disappeared in the Early Permian, along with the huge climate change from wetland to dryland [START_REF] Dimichele | Wetland-dryland vegetational dynamics in the Pennsylvanian ice age tropics[END_REF][START_REF] Cleal | The Carboniferous coal swamp floras of England: a window on an ancient tropical ecosystem[END_REF]. Plant diversity remained very low from Guadalupian to Early Triassic in Euramerica [START_REF] Rees | Land-plant diversity and the end-Permian mass extinction[END_REF]. The extinction of peat-forming plants happened in the US/SJG interval in the NCB, earlier than in eastern Australia and southwestern

China, but later than in Euramerica. However, as discussed above, in the NCB, the largest turnover event which saw the extinction of ca. 95% of the species and the origination of 90% of the species happened at the SJG/LJG transition. Plant extinction rates through the SJG/LJG transition event in the NCB are comparable to those across the coeval PTB in South China [START_REF] Xiong | Permian-Triassic land-plant diversity in South China: was there a mass extinction at the Permian/Triassic boundary?[END_REF].

This extinction was probably related to extreme heating, drought, and acid rain, which caused mass wasting of the land surface and reduced the habitable land area [START_REF] Benton | Hyperthermal-driven mass extinctions: killing models during the Permian-Triassic mass extinction[END_REF]. Considering the overall poorer fossil preservation in drylands than in humid wetlands, the true plant extinction across the SJG/LJG transition in the NCB might have been greater. The two dramatic changes of land plants in the US/SJG and the SJG/LJG intervals, caused a ca. 8 Ma coal gap in the NCB which lasted through the SJG to HSG intervals.

Summary

(1) Based on an updated database, our analyses quantify the diversity change of vascular plants through the Permian to Middle Triassic in the NCB, using a hierarchy of diversity measures, bed-scale, landscape-scale and regional-scale, as explored in [START_REF] Cleal | Plant biodiversity changes in Carboniferous tropical wetlands[END_REF]. For each of the studied intervals, we selected well-studied, representative sections, and collected from the original literature, bed by bed, data on bed thickness, lithology, and plant species in each section. Our bed-scale diversities refer to plant species from a mudstone/siltstone bed normally less than or about 10 m in thickness, or a bed of sandstone, approximately the local-scale diversity of [START_REF] Cleal | Plant biodiversity changes in Carboniferous tropical wetlands[END_REF]. For each interval, nearby localities with comparable lithological sequences indicating deposition in a single fluvial, coastal, or deltaic system, were grouped to form a geographic patch, usually 10 4 -10 5 km 2 in area. Genus and species numbers for each patch of each interval were analysed, representing landscape-scale diversity. Diversity across the whole NCB, ca. 2.70 × 10 6 km 2 in area, represents regional-scale diversity.

(2) The floras of the TY, SX, LS and US intervals (TY-to-US floras) in the NCB are mainly preserved in coal-forming environments. The mean bed-scale species richness of the TY-to-US floras is 8-13, but plants within an individual bed range from one to over 50 species, indicating great heterogeneity. The bed-scale diversity of the TY-to-US floras in the NCB is comparable to the local-scale diversity of the Pennsylvanian floras of the eastern part of the South Wales

Coalfield. The landscape-scale species richness in the TY interval is estimated as 48 on average, while that of the SX, LS and US intervals ranges from 116-128. Polycohort analysis shows higher survival rates, with more than half of genera surviving, at the TY/SX, SX/LS, and LS/US interval transitions. The comparable diversity, higher survival rates, and relatively stable extinction, origination, and turnover rates, indicate that floras through the TY-to-US intervals are relatively continuous and stable.

(3) The US/SJG transition saw the largest diversity loss at regional scale, with high species extinction rate (94%), low origination rate (65%), and the lowest species survival percentages (< 10%) of all transitions, indicating a severe extinction event. At this time, coal swamps disappeared, the most widespread genera became extinct or shrank in geographic distribution, red beds became common, and plants consisted of the surviving walchian conifers, Taeniopteris, peltasperms and low-stature Equisetales, indicating an overall dryland environment. Across this transition, the fall in bed-scale and landscape-scale diversities was substantial, but not statistically significant. The drying and associated drop in groundwater level was the probable killer of most wetland plants. while in other schemes it is located further north than 30ºN during the Early and Middle Triassic [START_REF] Scotese | Atlas of Earth History. Paleogeography, PALEOMAP Project[END_REF][START_REF] Boucot | Phanerozoic Paleoclimate: An Atlas of Lithologic Indicators of Climate[END_REF] Formation. It should be noted that the correlation of the Permian strata of the NCB to the standard international chronostratigraphic stages remains much debated, and different schemes have been suggested by different authors (e.g. [START_REF] Hilton | The relationship between Euramerican and Cathaysian tropical floras in the Late Palaeozoic: Palaeobiogeographical and palaeogeographical implications[END_REF][START_REF] Wang | Late Paleozoic macrofloral assemblages from Weibei Coalfield, with reference to vegetational change through the Late Paleozoic Ice-age in the North China Block[END_REF][START_REF] Liu | New progress on the correlation of Chinese terrestrial Permo-Triassic strata[END_REF]Shen et al., 2019;[START_REF] Wu | High-precision U-Pb age constraints on the Permian floral turnovers, paleoclimate change, and tectonics of the North China block[END_REF][START_REF] Lu | Records of organic carbon isotopic composition (δ13Corg) and volcanism linked to changes in atmospheric pCO2 and climate during the Late Paleozoic Icehouse[END_REF]. 1A). The geographical scale is similar to that suggested by [START_REF] Cleal | Plant biodiversity changes in Carboniferous tropical wetlands[END_REF]. See text for details. 1 and3. 2 and3. 2. 4. Extinction, origination, and turnover rates of species. Data based on Table 5. 6. 

Figure legends

  ) show that the patches of the TY interval generally support a lower diversity than in the other three intervals. The southern part of the NCB shows a patch with more than 200 species in each of the SX, LS and US intervals (patches SX1, LS1 and US1), indicating stable development of high-diversity floras over the region. Diversity of the middle part of the NCB is highest in the LS interval, with one patch (LS2) supporting more than 200 species. In the northern part of the NCB, patch SX2 is the only one with more than 200 species.

  5C, D, from patch LS4 to patch US3).[START_REF] Stevens | Radiation and extinction patterns in Permian floras from North China as indicators for environmental and climate change[END_REF] recognized three extinction episodes in Permian floras from North China, based on the collections of[START_REF] Halle | Palaeozoic plants from central Shansi[END_REF] from six localities in central Shanxi Province: in the Lower Shihhotse Formation with a loss of 45% of plant species, in the middle Upper Shihhotse Formation with a loss of 56% of species, and in the upper Upper Shihhotse Formation with a devastating loss of species. We suggest these are local-scale events, as[START_REF] Stevens | Radiation and extinction patterns in Permian floras from North China as indicators for environmental and climate change[END_REF] only sampled from within our patches TY3, SX3, LS2 and US2 (Fig.5A-D),

  3), and became thicker and more widely distributed in central and northeastern NCB in the US interval (Fig.14; Appendix 3.4). After the Permian-Triassic boundary, coal seams reappeared in the Z&E interval (Appendix 3.7 and 3.8). Both the disappearance of coal swamps and occurrence of red beds indicate changing depositional environments, affecting the preservation potential of plant fossils; the preservational windows shrank substantially as oxidized conditions increased. Thus, it is interesting that the Cisuralian wetland plants in the NCB experienced a similar extinction process to the Pennsylvanian floras in Europe and North America, although the NCB extinction occurred much later.Conifers are associated with more seasonally dry climate than Cordaitaleans, which occupied seasonal but relatively humid environments[START_REF] Dimichele | Response of Late Carboniferous and Early Permian plant communities to climate change[END_REF][START_REF] Dimichele | Wetland-dryland vegetational dynamics in the Pennsylvanian ice age tropics[END_REF]. It is estimated that there are ca. 20% advanced gymnosperms (including Cordaitopsida, Coniferophyta, Cycadophyta and Ginkgophyta-type leaves, petrified woods and reproductive organs and seeds) in the plant assemblages through the TY-to-US intervals in the NCB. Cordaites and Cordaianthus occurred in wide areas during these four intervals, and many possible cordaitelean leaves such as
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 1 Fig. 1. Palaeogeographic map showing the location of the North China Block (NCB) in the
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 2 Fig. 2. Correlation and suggested age model of typical plant-bearing formations across the four

  For instance, Wu et al. (2021) demonstrated a ca. 20-myr-hiatus between the Upper Shihhotse and Sunjiagou formations. Suggested correlations of other lithostratigraphic units that have a restricted distribution in the NCB are introduced in Appendix 1.
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 3 Fig. 3. Schematic diagram showing the hierarchy of regional-scale, landscape-scale, and bed-scale
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 4 Fig. 4. Cross plot of bed thickness and bed-scale species richness (Sbed) (A), and Sbed values in
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 5 Fig. 5. Species distribution maps of the NCB through the eight studied intervals. For each interval,
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 6 Fig. 6. Bed-scale species diversity (Sbed) of plant macrofossils in the NCB through the eight studied
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 7 Fig. 7. Landscape-scale diversity dynamics of plant macrofossils in the NCB through the eight
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 8 Fig. 8. Correlation between genus/species numbers and patch areas for the Permian intervals. A.
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 9 Fig. 9. Cumulative numbers of genera (A) and species (B) in different intervals in the NCB, along
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 10 Fig. 10. Generic Network Analysis (NA) among patches through TY to Z&E intervals. A-D. TY to
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 11 Fig. 11. Regional-scale diversity dynamics of genera and species of plant macrofossils in the NCB
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 12 Fig. 12. Regional-scale diversity dynamics of genera and species of plant macrofossils in the NCB
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 13 Fig. 13. Polycohort analysis for the raw diversity of plant macrofossils in the NCB through the
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 14 Fig. 14. Extinctions, floral components, thickness of red-beds, and areas with coal seams in the

  

  

  

  

  

  

  

  

  

  

  

  

  

  . MOB, NCB, SCB, NQ, SQ, IC, and Si indicate the Mongolian, North China, South China, North Qiangtang, South Qiangtang, Indochina, and Sibumasu blocks, respectively.

Table 1

 1 

	. Abbreviations (same as in the following

Table 1 .

 1 Bed-scale diversity of the eight intervals through the Permian to Middle Triassic of

	China.						
	Interval Formatio	Section	Bed number and	Bed	Species	Reference
		n		lithology*	thickness	richness**	s
					(m)		
	TY	Taiyuan	Babao	13, black shale	1.8	10	[1]
		Fm.	section				
	TY	Ibid.	Ibid.	11, black shale	1.9	4	[1]
	TY	Ibid.	Ibid.	8, black shale	2.3	5	[1]
	TY	Ibid.	Hulstai	127, black mudstone 1.8	3	[2]
			coalfield				
	TY	Ibid.	Ibid.	122, silty mudstone	5.0	3	[2]
	TY	Ibid.	Ibid.	121, mudstone	1.3	9	[2]
	TY	Ibid.	Fangtagou	27, black shale	0.4	6	[3]
			section				
	TY	Ibid.	Wuda	Flora 4, shale	0.22	22	[4, 5]
			Coal Mine				
	TY	Ibid.	Ibid.	Flora 3, tuff	0.2	2	[4]
	TY	Ibid.	Ibid.	Flora 2, tuff	0.46	40	[4, 6]
	TY	Ibid.	Ibid.	Flora 1, sandy	0.14	4	[4]
				mudstone			
	TY	Zhutun	Dafengko	8, mudstone, with	6.0	6	[7]
		Fm.	u section	coal			
	TY	Ibid.	Ibid.	6-1, lower: quartz	12.0	2	[7]
				sandstone;			
				middle-upper:			
				siltstone and			
				mudstone			
	SX	Shanxi	Dongheish 19, mudstone	1.3	1	[8]

Table 3 .

 3 Statistics of bed-scale and landscape-scale diversity of the eight intervals through the Permian to Middle Triassic of North China.

	8											
	9											
		Number of beds consider ed	Bed-scale species richness Range Mean Median	Number of ed patches consider	Landscape-scale genus richness Landscape-scale species richness Range Mean Median Range Mean Median
	TY interval	13	2-40	9	5	8	10-44	23	23	14-98	48	51
	SX interval	34	1-55	13	9	8	20-83	44	37	43-271	126	96
	LS interval	19	1-29	12	9	8	22-100	44	33	40-440	128	68
	US interval	18	1-21	8	7	8	12-103	45	40	22-316	116	94
	SJG interval	5	1-9	4	3	4	7-35	19	16	7-50	27	25
	LJG interval	3	1-11	6	6	3	10-17	14	15	13-23	18	19
	HSG	1	6	6	6	3	9-49	24	15	14-85	41	23
	interval											
	Z&E	3	4-20	11	8	3	17-40	31	37	23-64	48	58
	interval											
	10											

Table 4 .

 4 Regional-scale diversity and heterogeneity index among sections of the eight intervals through the Permian to Middle Triassic of North China. Wang (2010) and Wu et al. (2021) presented different age determinations for the TY, SX, LS and US intervals, thus suggested different durations for these 14 intervals. ** Standard deviation. 15 16

	12											
	13											
		Interval duration (million years)			Regional-scale diversity		Statistics of pairwise
											Heterogeneity Index
											between sections
		Permian (Wang, 2010*)	Permian (Wu et al., 2021*)	Triassic	Genus richnes s	Specie s s richnes	Richnes s of genera foliage	Richnes s of species foliage	Percentage of e genera non-foliag	Percentage of e species non-foliag	Median ± SD**	Sections compared
	TY interval	8	0.7	/	76	223	47	173	0.38	0.22	0.67 ±	8
											0.18	
	SX interval	17	2.9	/	127	518	97	427	0.24	0.18	0.58 ±	16
											0.18	
	LS interval	10	0.5	/	143	643	110	559	0.23	0.13	0.71 ±	9
											0.15	
	US interval	10	14.1	/	152	597	121	530	0.20	0.11	0.74 ±	10
											0.19	
	SJG interval	2	8	/	58	100	44	80	0.24	0.20	0.73 ±	4
											0.33	
	LJG interval	/	/	2	32	52	25	43	0.22	0.17	0.75	2
	HSG interval	/	/	3	52	96	39	76	0.25	0.21	1	2
	Z&E interval	/	/	6	68	123	62	115	0.09	0.07	0.7	2

*

Table 5 .

 5 Genus and species extinction, origination and turnover rates of the eight intervals through the 18 Permian to Middle Triassic of North China.

	19						
	20						
				Genus			Species
			ER*	OR*	TR*	ER	OR	TR
		TY/SX transition	0.28	0.57	0.63	0.48	0.77	0.81
		SX/LS transition	0.33	0.41	0.54	0.51	0.60	0.72
		LS/US transition	0.43	0.46	0.62	0.62	0.59	0.75
		US/SJG transition	0.76	0.36	0.79	0.94	0.65	0.95
		SJG/LJG transition	0.83	0.69	0.88	0.95	0.90	0.97
		LJG/HSG transition	0.41	0.65	0.72	0.60	0.78	0.85
		HSG/Z&E transition	0.54	0.63	0.74	0.81	0.85	0.91
	21	* ER, extinction rates; OR, origination rates; TR, turnover rates.		
	22						

Table 6 .

 6 Surviving percentages in successive intervals of the genera and species that first occur in a given interval, through the Permian to Middle Triassic of North China.

		SX	LS	US	SJG	LJG	HSG	Z&E
		interval	interval	interval	interval	interval	interval	interval
	TY interval	72/52*	67/45	57/30	29/5	11/2	12/2	14/4
	SX interval		67/49	51/32	20/4	9/1	11/2	13/2
	LS interval			57/38	21/5	8/1	11/1	15/2
	US interval				24/6	9/1	11/2	15/3
	SJG interval					17/5	22/5	29/7
	LJG interval						59/4	53/19
	HSG interval							48/19

* Surviving percentage of genera/species.

Table 7 .

 7 The values of three attributes of networks for patch-plant data matrices of the eight intervals through the Permian to Middle Triassic of North China.

		Average	Graph	Modularity
		Degree	Density	
	TY interval	2.222	0.028	0.283
	SX interval	2.575	0.019	0.248
	LS interval	2.278	0.015	0.29
	US interval	2.22	0.014	0.295
	SJG interval	1.224	0.021	0.471
	LJG interval	1.2	0.035	0.426
	HSG interval	1.314	0.026	0.311
	Z&E interval	1.288	0.018	0.403
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(4) The SJG/LJG transition event is characterized by the highest species extinction rate (95%) and the highest origination rate (90%), leading to the highest level of turnover rates of plant genera and species. Almost all Permian plant species became extinct at this transition, and were replaced by new elements, such as Equisetites, Pleuromeia, Voltzia, and some new types of Cycadophyta.
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