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Other supplementary materials for this manuscript include the following (in separate files):

External Dataset S1. Species list of Chinese amphibians in this study. Names for potential
cryptic species were combined by genus name, MOTU (molecular operational taxonomical unit)
and sample ID. The divergence time, protection status, threat status, and endemism (non-
endemic, endemic to China, or narrowly endemic) for each species is also listed.

External Dataset S2. Results of species-delimitation analyses. The haplotypes from the COI
gene were estimated by DnaSP (see SI Appendix, Methods). Haplotypes were then analyzed
using three species delimitation methods (GMYC, ABGD, mPTP). All cryptic species were
named by genus name, MOTU and sample ID. Each family of Chinese amphibians was analyzed
separately.

External Dataset S3. GenBank accession number of all gene sequences used for phylogeny
reconstruction.

External Dataset S4. Maximum-likelihood tree for Chinese amphibians and relatives.

External Dataset S5. Time-calibrated tree used for estimating phylogenetic diversity and
phylogenetic endemism among Chinese amphibians.

External Dataset S6. Concatenated alignments used for estimating the maximume-likelihood
tree.

External Dataset S7. Ultrametric and non-ultrametric trees used for species delimitation in each
family.

External Dataset S8. Species richness, endemism, phylogenetic diversity, and phylogenetic
endemism of each grid cell.
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Supplementary text

Methods

Phylogeny Estimation

We estimated a species-level, time-calibrated phylogeny that included most Chinese amphibian
species, in order to calculate spatial patterns of phylogenetic diversity and phylogenetic
endemicity. However, the higher-level relationships and divergence times in the tree were
constrained based on previous phylogenomic studies (i.e., relationships among families), and our
analysis primarily estimated relationships and divergence times within and among Chinese
genera. The goal was not to provide a new, global-scale amphibian phylogeny.

We selected 12 nuclear genes (BDNF, C-MYC, CXCR4, H3A, NCX1, POMC, RAGL,
RAG2, RHOD, SIA, SLC8A3, and TYR) and 7 mitochondrial genes (12S rRNA, 16S rRNA, COl,
CYTB, ND1, ND2, and ND3) for estimating the phylogeny. These genes were selected because
they were widely used in large-scale phylogenetic studies of amphibians (1-3). The molecular
dataset included 521 described Chinese amphibian species, 100 potential cryptic Chinese
species, and 1,057 non-Chinese species (External Dataset S3). These closely related non-Chinese
species were included to increase the accuracy of estimated relationships among Chinese species,
but were pruned out of the tree when calculating phylogenetic diversity and phylogenetic
endemism for each grid cell in China (since they do not contribute to phylogenetic diversity and
endemism in China). These closely related species included congeners of the Chinese amphibian
species with available molecular data in GenBank, 1-2 species of other genera in the 13 families
containing Chinese amphibians, and 1-2 species of other families of non-Chinese amphibians.
Species were selected that had the most complete data for the 19 targeted genes. We used the
same non-amphibian outgroups used in Hime et al. (4), including Anolis carolinensis, Chrysemys
picta, Gallus gallus, Homo sapiens, and Latimeria chalumnae.

All sequences were aligned using MAFFT (5), which is integrated in FasParser 2.0 (6).
Aligned sequences were then manually inspected for accuracy. We translated nucleotide
sequences to amino acids for protein-coding regions, ensuring that an open reading frame was
maintained. Given their stem and loop secondary structures, the 12S and 16S rRNA sequences
were aligned using accuracy-oriented methods in MAFFT (G-11S-i, L-INS-i, and E-INS-i) with
slow speed but higher accuracy. The protein-coding genes were aligned by automatically
selecting an appropriate strategy in MAFFT (from among L-INS-i, FFI-NS-i, and FFT-NS-2),
according to the size of the dataset. A maximum-likelihood phylogeny was inferred with 1Q-
TREE v2.1.2 (7) using the UFBoot2 ultrafast bootstrapping (8) and SH-aLRT (9) options. We
provided IQ-TREE with initially defined data blocks corresponding to three codon positions for
each protein-coding gene and the full length for ribosomal genes (12S and 16S rRNA). IQ-TREE
determined the optimal partitioning scheme (Table S3) by implementing ModelFinder (10) and
automatically specified the best-fit model for all the partitions (Table S3).

We included a backbone family-level tree obtained from Portik et al. (11) and Hime et al.
(4) to constrain the relationships between families and among the three major clades of
amphibians. We extracted one species per family of anurans from the phylogeny of Portik et al.
(11) using the R package ape (12), keeping only the topology and excluding branch-length
information. We also extracted one species per family of caudates and gymnophionans from the
phylogeny of Hime et al. (4), along with one species to represent Anura and five outgroup
species. These two topologies were then combined to form a single topology representing all
amphibian families. The topology from Portik et al. (11) was grafted manually into the Anura
position in the phylogeny of Hime et al. (4), with anuran and caudates constrained as sister
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groups. The combined topology was input into 1Q-Tree in order to constrain higher-level
relationships within the estimated species-level phylogeny.

The optimal tree inferred from 1Q-TREE was then used in estimating divergence times
with treePL v. 1.0 (13). treePL is an implementation of the penalized likelihood method (14) for
very large datasets. Penalized likelihood (14) uses a tree with branch lengths and age constraints
without prior parametric distributions. We utilized treePL because most other approaches to
estimating divergence times (e.g., the uncorrelated lognormal relaxed clock approach in BEAST;
15) would not be practical given the large number of taxa analyzed here. Rather than using fossil
calibration points, we used the results of recent large-scale studies (4, 11) to constrain the
divergence times among families and the three major amphibian clades. These constraints were
put in the configuration file of treePL. Specifically, we set the minimum and maximum
divergence times among families and major clades to equal the estimated age for each of these
clades, using Portik et al. (11) for anurans and Hime et al. (4) for caudates, gymnophionans, and
the major amphibian clades. The treePL analysis was primed to determine optimal settings, and
the tree was then time-calibrated with the thorough setting. We tested eight potential smoothing
parameters (0.0001, 0.001, 0.01, 0.1, 1, 10, 100, 1,000). The best-fit smoothing parameter was
0.0001. The final maximum-likelihood tree and the final time-calibrated tree are available as
External Datasets S4 and S5, respectively. The final concatenated alignment is available as
External Dataset S6. Given the constraints, the higher-level relationships and divergence times
closely matched those estimated by Portik et al. (11) and Hime et al. (4).

Cryptic species estimation
We used molecular data to estimate the number of cryptic species present among China’s
amphibian species. A total of 2,306 individuals from 313 described species were sampled
through our fieldwork in China, primarily from 2001-2020. Muscle or liver tissues taken from
each individual collected were fixed in 95% ethanol. We performed morphological
identifications according to the amphibian identification keys of Fei et al. (16). All specimens
were initially assigned to a described, morphology-based species. Data were obtained from all
individuals from the mitochondrial cytochrome oxidase (COI) gene. Sequences were generated
following laboratory procedures and primers described by Che et al. (17). All newly obtained
sequences were deposited in GenBank (External Dataset S2). We also downloaded 5,177
additional COI sequences from 352 described species in GenBank for China’s amphibian species
and their congeners (downloaded by the end of 2020). A total of 212 species overlapped between
GenBank and our new data here. However, we added sequences for 101 described species that
were not previously deposited on GenBank. In total, our dataset included 7,483 COI sequences
from 453 described Chinese amphibian species, corresponding to an overall coverage of 81.3%
(453/557) of described amphibian species known to occur in China by 2020 (External Dataset
S2). The remaining 18.7% of described species lacked COI data, which precluded analysis of
their potential cryptic species. We followed the taxonomy of AmphibiaChina (18) from
December, 2020. Specimen details, including voucher numbers, GenBank accession numbers,
and species-delimitation results are provided in External Dataset S2. Research protocols were
approved by the Ethics Committee of the Kunming Institute of Zoology, Chinese Academy of
Science (IACUC No.: IACUC-OE-2022-07-001).

To identify potential cryptic species, we estimated haplotype phylogenies for each of the
amphibian families that occur in China except Cryptobranchidae (see below). We used DnaSP 6
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(19) to generate haplotypes for COI sequences of each family separately (i.e., individuals with
identical haplotypes were amalgamated).

We then employed three species-delimitation methods: (i) the Automatic Barcode Gap
Discovery (ABGD) method (20), (ii) the General Mixed Yule Coalescent (GMY C) approach
(21), and (iii) the Multi-rate Poisson Tree Processor (mMPTP) method (22). We describe how we
integrated results from the three approaches below. Each method has somewhat different
requirements. The ABGD method requires only haplotype sequences as input. The GMYC
approach requires an ultrametric tree. The mPTP method requires a phylogenetic tree with
branch lengths. Consequently, we utilized BEAST (15) and MrBayes (23) to generate ultrametric
and non-ultrametric trees (respectively) for each family, based on their haplotype sequences.

The ultrametric tree for each family was estimated using the uncorrelated lognormal
relaxed molecular-clock model in BEAST 1.8.0 (15). We used the GTR + gamma substitution
model, treating the COI gene as a single partition. Markov chains were run for 100 million
generations, sampling every 10,000"" generation. TRACER 1.7 was used to confirm when the
output reached stationarity (effective sample size >200 for all variables; 24). We initially used
fewer generations and utilized TRACER to evaluate the effective sample size, incrementing the
number of generations if stationarity was not achieved. Ultimately, we used 100 million
generations in for each family to ensure that all of them reached stationarity. Majority-rule
consensus trees were generated using TREEANNOTATOR 1.4.5 (15). Note that each tree was
ultrametric but not time calibrated, and therefore we did not utilize any external calibration
points.

The non-ultrametric tree for each family was estimated using MrBayes 3.2.7a (23). We
used the GTR + gamma model with a single partition. The Markov Chains Monte Carlo
(MCMC) chains were run for 10 million generations and sampled every 1,000 generations with a
burn-in of 25%. Both BEAST and MrBayes were implemented using the CIPRES web server
(25). These ultrametric and non-ultrametric trees are available in External Dataset S7.

Three species-delimitation methods (GMYC, ABGD, mPTP) were applied to each family
to infer potential species, also referred to as Molecular Operational Taxonomic Units (MOTUSs;
26). These three methods are widely used for species delimitation with single-locus data (27).
The ultrametric tree generated from BEAST for each family was used as input in a single-
threshold GMYC analysis in the R package splits (28). We performed ABGD on the haplotype
sequences utilizing an online platform (https://bioinfo.mnhn.fr/abi/public/abgd/abgdweb.html)
with the default parameters. mPTP was performed on the mPTP webserver (http://mptp.h-
its.org), using the non-ultrametric Bayesian tree (from MrBayes) for each family as input.

Empirical studies have shown that ABGD tends to undersplit species (29, 30), whereas
GMYC and mPTP tend to oversplit species (29, 31). Combinations of different methods have
been used to overcome these potential biases (27). The individual results of ABGD, mPTP, and
GMYC are presented in detail in External Dataset S2.

Potential cryptic species were identified generally following Dinca et al. (32). Each of the
morphology-based species included was classified into one of three categories: “Match”,
“Cryptic species”, and “Merge." (i) Match: the morphology-based species was supported by the
three methods as a single MOTU. (ii) Cryptic species: one or more of the species-delimitation
methods inferred one or more cryptic species within the morphology-based species (i.e., the
single morphology-based species contained two or more MOTUSs). If the three methods agreed
about the number of cryptic species present, then we used that number of potential cryptic
species for further analyses. If the three methods disagreed on the number of cryptic species



219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264

present within a given morphology-based species then we conservatively utilized the smallest
number of cryptic species inferred among the three methods (including cases in which one
method inferred that no cryptic species were present in the morphology-based species and the
other methods inferred one or more). (iii) Merge: the morphology-based species was assigned to
the same MOTU as another morphology-based species by all three methods. There could be
various reasons why two (or more) morphology-based species were assigned to the same MOTU,
including a recent origin of these lineages, recent introgression of mitochondrial genes, or
problematic morphology-based taxonomy (e.g., 33, 34). Therefore, to be conservative, we
tentatively continued to recognize these morphology-based species for our analyses here. Note
that the species limits (and cryptic species) inferred here were then used in the final time-
calibrated tree among Chinese amphibians.

Using combinations of methods to delimit cryptic species has been recommended (e.g.,
27, 35-38). However, given that the putative cryptic species identified here were based only on
mitochondrial DNA, we considered these to be only potential cryptic species. These potential
species should be further investigated with multiple nuclear markers. Many case studies have
found mismatch between species limits from mitochondrial DNA and multi-locus nuclear DNA
(e.g., 39), but there does not seem to be a consensus as to whether mitochondrial DNA
consistently underestimates or overestimates true species numbers. We tried to be conservative
here, by using only the minimum estimated number of cryptic species within a morphology-
based species and by not lumping morphology-based species based on mitochondrial data alone.

We had COI data for 453 Chinese amphibian species, but there were an additional 104
described species (stopping by the end of 2020) for which we lacked COI data. It was important
to make sure that the inferred cryptic species did not belong to these described species to avoid
counting the same species twice in our biodiversity analyses. This determination was made by
initially assigning each potential cryptic species to a morphology-based described species.
Although we did not have COI data for every described species, none of the potential cryptic
species should belong to those unsampled described species, based on our initial morphological
identifications. Thus, we conclude that none of the 90 inferred cryptic species belonged to any of
these 104 described morphology-based species. To further test the validity of these cryptic
species, we extracted the divergence time of each cryptic species and described species of
Chinese amphibians from the full tree based on the combined nuclear and mitochondrial data.
We then performed a Wilcoxon rank-sum test in R to determine if there was a statistically
significant difference between the mean ages of each set of species. If no significant difference
was found, it would suggest that these cryptic species are similar in age to the described species,
providing further support for their validity. Conversely, if the cryptic species were significantly
younger, this would suggest that they are less genetically distinct than described species.

Biogeographic regionalization

We estimated major biogeographic regions based on dissimilarity between each pair of grid cells.
Traditionally, China has been divided into seven zoogeographic regions based on expert opinion
(40): Northeast China, North China, Northwest China, Xizang Plateau, Central China, Southwest
China, and South China. Here, biogeographical regions were delineated among the focal 567 grid
cells based on Simpson’s dissimilarity index (Bsim; 41). This index measures pairwise
dissimilarity in species composition among grid cells. Bsim iS robust to changes in species
richness and can efficiently discriminate species turnover from nestedness (42). We estimated
Bsim between each pair of grid cells as follows:
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B -1 — Sab
sim min(SaaSb)+Sab
where Sap is the number of species that co-occur in these two grid cells, and Sa and Sy are the

number of species unique to each grid cell. Estimation was performed using the R package vegan
43).

We applied the unweighted pair-group method using arithmetic averages (UPGMA) to
the dissimilarity matrix (44). A UPGMA dendrogram displays relationships among grid cells and
has good performance across datasets (44). We then used the GMD package in R (45) to
determine optimal K clusters on the UPGMA dendrogram. A suitable cut-off point was chosen
based on the best K value.

Results

Summary of cryptic species estimation

Overall, the species-delimitation analyses conservatively estimated 90 cryptic species among the
453 described Chinese species with COI data (External Dataset S2; Table S4). We identified 73
potential cryptic species from our new COI sequence data and another 17 potential cryptic
species from published COI sequences. Among the 90 cryptic species identified (External
Dataset S2), 27 cryptic species were consistent with other studies that applied species-
delimitation methods to 16S rRNA data (Megophrys and Leptobrachella; 46-48; Rhacophorus
rhodopus, 49) and to 16S rRNA, COI, and ND2 data (Amolops; 50).

In addition to these 90 cryptic species identified here, 10 cryptic species reported by
previous studies were also included in our analysis (External Dataset S1). For example, six
cryptic species within Andrias davidianus (Cryptobranchidae) were identified by both genomic
data and mtDNA markers, including COI sequences (51). We estimated the total number of
morphologically cryptic species in China (not described before the end of 2020) to be 100
(External Dataset S2; Table S4). We also found that 14 morphology-based Chinese species were
inferred to be conspecific with other morphology-based species based on these analyses (labeled
as “Merge” in the External Dataset S2; Table S4). However, we do not support synonymizing
these species without additional testing.

We found potential cryptic species of Chinese amphibians in all families except for
Bombinatoridae, Ceratobatrachidae, Hylidae, Hynobiidae, and Ichthyophiidae (External Dataset
S2; Table S4). The most cryptic diversity was found in Megophryidae with 56 cryptic species
(56.0% of all cryptic species). There were 31 cryptic species in the genus Megophrys alone.
Previous studies have also suggested the existence of many cryptic species in this genus (46, 48).
The family with the second highest number of cryptic species was Ranidae (n=12 cryptic
species). The other families with cryptic species were Rhacophoridae (n=10 cryptic species),
Bufonidae (n=6), Salamandridae (n=6), Cryptobranchidae (n=6), Dicroglossidae (n=3), and
Microhylidae (n=1).

Using the time-calibrated tree based on nuclear and mitochondrial data for all Chinese
amphibians, we found no significant difference in mean ages of cryptic species and described
species (6.94 Ma vs. 7.68 Ma; Wilcoxon rank sum test, P=0.2033; External Dataset 1). There
was extensive overlap in the ages of the described and cryptic species (Fig. S1), strongly
suggesting that the cryptic species inferred here tend to be roughly as divergent as described
species.

Biogeographic regions
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UPGMA clustering analysis of these 567 grid cells and 647 species identified eight large-scale
biogeographic regions (Fig. S3a). These were different from the seven Chinese zoogeographic
regions (Fig. S3b) defined by Zhang (40). In general, our results showed an increased number of
regions delimited in western China, with fewer regions delimited in the east and north. Species
richness (Fig. 2a), endemism (Fig. 2b), phylogenetic diversity (Fig. 2c) and phylogenetic
endemism (Fig. 2d) were mapped on these grid cells. Among these regions, South China had
exceptionally high species richness and phylogenetic diversity (Table S5). After correcting for
the number of grid cells, the South Yunnan Mountains, Himalayas, Yunnan Plateau, Hengduan
Mountains, and South China had higher richness than the other regions (Table S5). Areas with
high endemism (Fig. 2b) and phylogenetic endemism (Fig. 2d) included South China, South
Yunnan Mountains, Yunnan Plateau, and the Himalayas.
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Fig. S1. Comparison of ages of described and cryptic species. This figure displays the kernel
density of estimated ages of cryptic species (red) and described species (black) of Chinese
amphibians. Ages for each species were extracted from the time-calibrated tree based on both
nuclear and mitochondrial data. Data for each species are given in Dataset S1.
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seven zoogeographic regions (b) modified from Zhang (40). The gray lines indicate the
provincial boundaries of China.
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Fig. S4. Total species richness of each grid cell in the ten hotspots. The longitude and latitude
of the centroid of each grid cell are shown in the brackets. The 10 geographically distinct
biodiversity hotspots are: Eastern Himalayas (EHI), Eastern Hengduan Mountains (EHM),
Southwest Yunnan Mountains (SYM), South-Central Hainan Mountains (SCHM), Nanling
Mountains (NLM), Wuling Mountains (WLM), Eastern Guizhou Mountains (EGM), Luoxiao
Mountains (LXM), Wuyi Mountains (WY M), and Tianmu Mountains (TMM).
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Fig. S5. Beta-Simpson values for each of the 29 most species rich grid cells. Higher values
indicate larger differences in species composition between pairs of grid cells. The name of each
grid cell consists of the abbreviation of the hotspot it is contained in and the longitude and
latitude of the center of the grid cell. The 10 hotspots are: EHI: Eastern Himalayas (old hotspots),
EHM: Eastern Hengduan Mountains (old hotspot), SYM: Southwest Yunnan Mountains (old
hotspot), SCHM: South-Central Hainan Mountains (old hotspot), NLM: Nanling Mountains
(new hotspot), WLM: Wuling Mountains (new hotspot), EGM: Eastern Guizhou Mountains
(new hotspots), LXM: Luoxiao Mountains (new hotspot), WYM: Wuyi Mountains (new
hotspots), TMM: Tianmu Mountains (new hotspot).
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492  Fig. S6. The most species-rich grid cells under two alternative thresholds. The red color
493  shows the most species-rich grid cells based on the upper 99" percentile for species richness (a),
494  and the 90" percentile (b). The gray lines indicate the provincial boundaries of China.
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Fig. S7. Distribution of species among hotspot and non-hotspot grid cells. (a) Total species.

(b) Described species. (c) Cryptic species.
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Fig. S8. Distribution of endemic Chinese species among hotspot and non-hotspot grid cells.
(a) Species endemic to China. (b) Narrowly endemic species (distribution limited to a single grid
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511  Fig. S10. Spatial richness patterns of described species (a) and cryptic species (b). The gray
512  lines indicate the provincial boundaries of China.

513

21



514

515
516

517
518
519
520
521
522
523

20 A

i
(6}
|

=,
o
|

S
&)
!

o
o
|

.

Species richness (cryptic species)

0 1 2 3 4
Species richness (described species)

Fig. S11. Ordinary least squares (OLS) linear regression between species richness of
described species (In-transformed) and cryptic species (In-transformed) among the 567 grid
cells. The result showed these two variables had a significant, positive relationship (r?=0.49;
p<0.0001). The regression after spatial autocorrelation also supports the significant positive
relationship (estimates=0.46, z value= 5.15, p<0.0001).
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Fig. S12. Correlations between different diversity metrics. The Pearson correlation

coefficients were calculated among grid cells for each pair of variables: species richness,
endemism, phylogenetic diversity, and phylogenetic endemism. Darker blues indicate stronger

correlations.
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Fig. S13. Distribution among grid cells of (a) standardized phylogenetic diversity (SES-PD)
and (b) average divergence time of species. SES-PD accounts for phylogenetic diversity while
controlling for species richness. Higher values are indicated by darker red. The gray lines
indicate the provincial boundaries of China. The average divergence time was computed as the
mean value of divergence times across all species within each grid cell. To estimate this, we
utilized the R package phytools (52). Specifically, we extracted the divergence time of each
species (i.e., the time when they diverged from their sister taxon) in each grid cell, regardless of
whether the sister taxon was in that grid cell. Subsequently, we summed the divergence times of
all species within each grid cell and calculated the average divergence time by dividing the
summed time by the species richness of that grid cell. In cases where a grid cell contained only
one species, the average divergence time corresponded to the divergence time of that species. A
regression analysis showed no significant relationship between these variables among grid cells
(r?<0.01; p=0.191). Analysis after correcting for spatial autocorrelation also supports the
nonsignificant relationship (estimates=-0.09, z value=6.24, p=0.238). This overall result
indicates that while some high-value grid cells for SES-PD and average divergence time overlap
(e.g., northern China), grid cells with significantly higher SES-PD do not necessarily contain
older species. Note that we did not consider either of these variables (SES-PD, mean divergence
time) when delimiting hotspots, since both appear to be largely decoupled from species richness
(SES-PD: r?=0.03; p<0.001; mean divergence time: r’<0.01; p=0.795), and our primary focus
was on species richness.
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Fig. S14. Protected areas in China (green) and the location of the ten hotspots identified for
Chinese amphibians. Grid cells corresponding to the six new hotspots are shown in red. Grid
cells corresponding to the four old hotspots are shown in blue. Abbreviations for hotspots: EHI:
Eastern Himalayas, EHM: Eastern Hengduan Mountains, SYM: Southwest Yunnan Mountains,
SCHM: South-Central Hainan Mountains, NLM: Nanling Mountains, WLM: Wuling Mountains,
EGM: Eastern Guizhou Mountains, LXM: Luoxiao Mountains, WYM: Wuyi Mountains, TMM:
Tianmu Mountains. The gray lines indicate the provincial boundaries of China.
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Fig. S15. The proportion of the geographic range of each species that is within protected
areas. Based on the percentage of each species’ range that fell inside the protected areas, we
classified species into four groups: (i) unprotected: species’ range was completely outside
protected areas; (ii) gap: maximum of 20% covered by protected areas; (iii) partial gap: 21-90%
covered by protected areas; and (iv) well-covered: >90% covered by protected areas. Species
without distribution data were not assessed. Species with occurrences only in Hongkong, Macao,
or Taiwan were also not assessed because of the lack of protected areas in this dataset.
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Fig. S16. Map of human footprint index and the location of the ten amphibian hotspots.
Red corresponds to high human pressure, blue to low human pressure. Grid cells corresponding
to the six new hotspots are shown in red. Grid cells corresponding to the four old hotspots are
shown in blue. Abbreviations for hotspots: EHI: Eastern Himalayas, EHM: Eastern Hengduan
Mountains, SYM: Southwest Yunnan Mountains, SCHM: South-Central Hainan Mountains,
NLM: Nanling Mountains, WLM: Wuling Mountains, EGM: Eastern Guizhou Mountains, LXM:
Luoxiao Mountains, WY M: Wuyi Mountains, TMM: Tianmu Mountains. The gray lines indicate
the provincial boundaries of China.
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Fig. S17. Distribution of species in areas of high human pressure, for all species and those
in the new hotspots. Species without distribution data were not assessed. Based on the
percentage of each species’ range that fell inside the high-human pressure areas, we classified
species into four groups: (i) severely threatened: species’ range was completely inside the very
high-human pressure areas (100%); (ii) threatened: >50% in the very high-pressure areas; (iii)
partially threatened: <50% and >0%, and (iv) non-threatened: completely outside the very high-
pressure areas.
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Tables S1-S5

Table S1. Summary of diversity statistics for each grid cell located in the ten hotspots.
Lon=longitude of the centroid of each hotspot grid cell. Lat=latitude of the centroid of each
hotspot grid cell. A “Top 5%” indicates that the total richness, endemism, phylogenetic diversity
(PD), or phylogenetic endemism (PE) of this grid cell is in the upper 95" percentile among all
567 cells. Data for each grid cell is given in External Dataset S8.

Lon Lat Hotspots Richness Endemism PD PE
110.5 25.5 Nanling Mountains Top 5% Top 5% Top5% Top 5%
110.5 24.5 Nanling Mountains Top 5% Top 5% Top 5%  Top 5%
1125 24.5 Nanling Mountains Top 5% Top 5%

113.5 24.5 Nanling Mountains Top 5% Top 5% Top5%  Top 5%
111.,5 25.5 Nanling Mountains Top 5%

113.5 23.5 Nanling Mountains Top 5% Top 5%

108.5 26.5 Eastern Guizhou Mountains Top 5% Top 5% Top 5%

108.5 27.5 Eastern Guizhou Mountains Top 5% Top 5%

1145 26.5 Luoxiao Mountains Top 5% Top 5% Top 5%

119.5 30.5 Tianmu Mountains Top 5% Top 5%

110.5 29.5 Wuling Mountains Top 5% Top 5%

110.5 28.5 Wauling Mountains Top 5%

117.,5 27.5 Wuyi Mountains Top 5% Top 5%

119.5 27.5 Wouyi Mountains Top 5% Top 5%

1185 25.5 Wuyi Mountains Top 5%

117.5 28.5 Wuyi Mountains Top 5%

103.5 29.5 Eastern Hengduan Mountains Top 5% Top 5% Top5% Top 5%
102.5 29.5 Eastern Hengduan Mountains Top 5% Top 5%

955 29.5 Eastern Himalaya Top 5% Top 5% Top 5%
109.5 18.5 South-Central Hainan Mountains  Top 5% Top 5% Top5% Top 5%
109.5 19.5 South-Central Hainan Mountains  Top 5% Top 5% Top5%  Top 5%
100.5 22.5 Southwest Yunnan Mountains Top 5% Top 5% Top5%  Top 5%
104.5 23.5 Southwest Yunnan Mountains Top 5% Top 5% Top5% Top 5%
100.5 24.5 Southwest Yunnan Mountains Top 5% Top 5% Top5%  Top 5%

99.5 23.5 Southwest Yunnan Mountains Top 5% Top 5% Top5% Top 5%
101.5 21.5 Southwest Yunnan Mountains Top 5% Top 5% Top 5%

98.5 24.5 Southwest Yunnan Mountains Top 5% Top 5% Top5% Top 5%
101.5 22.5 Southwest Yunnan Mountains Top 5% Top 5% Top 5%

99.5 24.5 Southwest Yunnan Mountains Top 5% Top 5% Top5%  Top 5%
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601 Table S2. Summary of the proportion of protected areas and human pressures for each grid

602 located in the ten hotspots. Lon=longitude of the centroid of each hotspot grid cell. Lat=latitude

603  of the centroid of each hotspot grid cell. Values for the human footprint index are based on an

604  average across ~1 km grid cells within each ~111x111 km grid cell. We followed classification

605 of human pressure level from Venter et al. (53): no pressure, mean human footprint=0; low

606  pressure, human footprint=1-2; moderate pressure, human footprint=3-5; high pressure, human

607  footprint=6-11; and very high pressure, human footprint>12.

608
Lon Lat Hotspots Proportion Human Human pressure

of protected footprint level
areas index

110.5 25.5 Nanling Mountains 11.14% 7.25 high pressure
110.5 24.5 Nanling Mountains 11.11% 7.30 high pressure
113.5 24.5 Nanling Mountains 17.57% 10.26 high pressure
111.5 25.5 Nanling Mountains 5.87% 11.26 high pressure
112.5 245 Nanling Mountains 11.53% 14.00 very high pressure
113.5 23.5 Nanling Mountains 1.96% 18.85 very high pressure
108.5 26.5 Eastern Guizhou Mountains 8.35% 7.30 high pressure
108.5 27.5 Eastern Guizhou Mountains 10.87% 9.25 high pressure
1145 26.5 Luoxiao Mountains 6.78% 7.25 high pressure
119.5 30.5 Tianmu Mountains 1.56% 7.25 high pressure
110.5 28.5 Wuling Mountains 8.19% 6.58 high pressure
110.5 29.5 Wuling Mountains 5.46% 11.03 high pressure
117.5 27.5 Wuyi Mountains 10.27% 6.26 high pressure
119.5 27.5 Wuyi Mountains 5.32% 12.00 very high pressure
117.5 28.5 Wuyi Mountains 0.44% 14.85 very high pressure
118.5 25.5 Wuyi Mountains 4.41% 16.00 very high pressure
102.5 29.5 Eastern Hengduan Mountains 18.12% 6.32 high pressure
103.5 29.5 Eastern Hengduan Mountains 2.09% 18.75 very high pressure
95,5 29.5 Eastern Himalaya 61.66% 1.59 low pressure
109.5 18.5 South-Central Hainan Mountains  8.88% 11.50 high pressure
109.5 19.5 South-Central Hainan Mountains  7.35% 13.23 very high pressure
100.5 22.5 Southwest Yunnan Mountains 11.41% 5.46 moderate pressure
98.5 24.5 Southwest Yunnan Mountains 1.43% 6.37 high pressure
99.5 245 Southwest Yunnan Mountains 4.10% 7.25 high pressure
100.5 24.5 Southwest Yunnan Mountains 7.84% 7.75 high pressure
101.5 21.5 Southwest Yunnan Mountains 15.05% 8.50 high pressure
104.5 23.5 Southwest Yunnan Mountains 1.51% 9.23 high pressure
99.5 23.5 Southwest Yunnan Mountains 8.79% 10.32 high pressure
101.5 22.5 Southwest Yunnan Mountains 9.17% 13.00 very high pressure

609
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Table S3. The optimal partitioning scheme and best-fit model determined by IQ-TREE for all
the partitions. We provided IQ-TREE with initially defined data blocks corresponding to three
codon positions for each protein-coding gene and the full length for ribosomal genes (12S and
16S rRNA). Data blocks that had the same best-fit model, as determined by I1Q-TREE, were
grouped into the same partitions. 1Q-TREE includes all commonly used DNA models, such as
GTR, JC, HKY, TIM, and others. Notably, the “2” in TIM2 refers to an extension of the TIM

model that explicitly models AC=AT, CG=GT, and unequal base frequencies. The “e” in TIMe

denotes a similar model as TIM but with equal base frequencies. "F" indicates empirical base
frequencies. "I" refers to the inclusion of invariant sites in the substitution model. "G" refers to
the inclusion of a gamma distribution of rates among sites in the substitution model. "R"

indicates a model that generalizes the G model by relaxing the assumption of gamma-distributed
rates. This free-rate model typically fits the data better than the G model and is recommended for
analysis of large data sets (54). The number associated with G (e.g., G4) specifies the number of

rate categories in the gamma distribution and was determined automatically by 1Q-TREE. A
higher number of rate categories allows for a more fine-grained description of rate variation
among sites. The number associated with “R” specifies the number of estimated base
frequencies. For example, R4 means that the model estimates the base frequencies using four
free parameters. ASC indicates the ascertainment bias correction model.

Partition Best-fit model
12S rRNA, 16S rRNA GTR+F+R10
bdnf_codonl, pomc_codon3 TIM2+F+1+G4
bdnf_codon2 K2P+R3
bdnf_codon3 TIM2e+R4
cmyc_codonl TIMe+I+G4
cmyc_codon2 HKY+F+1+G4
cmyc_codon3 GTR+F+G4
coi_codonl GTR+F+R9
cxcrd_codon2, rhod_codon2 TVM+F+R4
coi_codon?2 K3Pu+F+R4
coi_codon3 TIM2+F+R7
cxcrd_codonl TVMe+I+G4
cxcrd_codon3, h3a_codonl GTR+F+1+G4
cytb_codonl, nd1_codonl SYM+R7
cytb_codon2 GTR+F+R5
nd2_codon3, ragl_codon2 GTR+F+R6
cytb_codon3 GTR+F+R7
h3a_codon?2 JC+R2
h3a_codon3, rag2_codon2 TVM+F+G4
ncx1 codonl, slc8a_codonl GTR+F+R4
ncx1l _codon2 TVM+F+R3
ncx1_codon3, pomc_codonl TVM+F+1+G4
ndl codon2 TVM+F+R6
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629

ndl_codon3
nd2_codonl
nd2_codon2
nd3_codonl

tyr_codonl, rhod_codonl

nd3_codon2

pomc_codon2, rag2_codon3, nd3_codon3

ragl_codonl
ragl_codon3
rhod_codon3
rag2_codonl
sia_codonl
sia_codon2
sia_codon3
slc8a_codon2
slc8a_codon3
tyr_codon2
tyr_codon3

TIM2+F+R8
TIM2+F+R6
GTR+F+R8
TIM2+F+R5
SYM+1+G4
TPM2+F+R5
TIM3+F+1+G4
TVMe+R5
K3Pu+F+I1+G4
TIM2+F+G4
TIM2e+G4
SYM+R3

JC
TN+F+1+G4
K3Pu+F+R2
TPM2+F+R4
SYM+R4
TIM2e+R6
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630 Table S4. Number in each category of species based on the species delimitation analyses, total
631  number of described species by the end of 2020, and total number of species involved in the
632  species delimitation analyses. The number of cryptic species is the minimum number of cryptic
633  species inferred among the three methods. Cryptic species retrieved from published studies
634  (External Dataset S2) were also included here.
635
Family M:t?:imes I(Ii/le(ra]:gécatlé):?ys;t?gis;éginess Described species  Total species
Bombinatoridae 0 0 0 5 8
Bufonidae 9 0 6 15 30
Ceratobatrachidae 1 0 0 4 4
Dicroglossidae 10 0 3 38 80
Hylidae 2 1 0 8 20
Hynobiidae 11 0 0 28 42
Ichthyophiidae 1 0 0 1 11
Megophryidae 94 0 56 117 199
Microhylidae 3 2 1 17 49
Ranidae 54 7 12 115 196
Rhacophoridae 32 2 10 65 95
Salamandridae 21 2 6 40 47
Cryptobranchidae ~ --- 6

636
637
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638

639  Table S5. Species richness of each biogeographic region delimited for Chinese amphibians.
640  Corrected richness is the total species richness of a region divided by the number of grid cells in
641  the region.

642
Biogeographic regions Number of grid cells Total richness  Corrected richness
South China 195 422 2.2
South Yunnan Mountains 9 105 11.7
Yunnan Plateau 26 129 5.0
North China 190 44 0.2
Qinghai-Xizang Plateau 68 50 0.7
Himalayas 4 40 10.0
Hengduan Mountains 10 23 2.3
Northwest China 37 5 0.1

643
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