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Quantitative synthesis
[bookmark: _Hlk182829254]To understand the key factors and timeline driving the evolutionary diversification of anuran species in northeast Asia, we conducted a quantitative synthesis of published studies, compiling divergence-time estimates and phylogeographic patterns of anuran species across different studies and regions in northeast Asia. We identified relevant scientific literature and categorised the dating estimates reported in each study based on: (1) the type of radiation, including basal (the earliest diversification), stem, and crown (clade) radiations and (2) the major evolutionary drivers. The evolutionary drivers included: (i) paleogeology and landscapes barriers, (ii) climate fluctuations and latitudinal gradients, (iii) glaciations and past level change, and (iv) anthropogenic influences. As the present study focuses on anurans distributed in northeast Asia, we conducted our search considering both endemic species, and introduced species using international search engines such as Web of Sciences (https://www.webofscience.com/wos/), Google Scholar (https://scholar.google.com/), Scopus (https://www.scopus.com/), Korea’s database platform DB pia (https://www.dbpia.co.kr/), and China’s database platform  (https://gfsoso.99lb.net/). All searches were primarily conducted in English with additional searches in local languages using. To streamline the search with our targeted themes, we used Booleans logic (Boole, 1854), which involves the use of logical operators such as AND, OR, and NOT, to filter the publications on specified criteria. Our primary keywords were “phylogeography of”, OR “evolutionary diversification of”, OR “molecular phylogeny of”, OR “phylogenomic of”, OR “historical diversification of”, OR “diversity and phylogeography of”, OR “historical demography of” OR “genomic insight into” OR “population diversity of”, with “northeast Asian anurans” OR “frogs of northeast Asian” OR “toad of northeast Asian” OR “frogs of northeastern China”, OR “toads of northeastern China”, OR “frogs of Japan”, OR “toads of Japan” as the subject keyword. Additionally, we included the scientific names of all anuran species occurring in continental northeast Asia (n=27) and the Honshu region of the Japanese Archipelago (n=23) as secondary keywords alongside all our primary keywords. The species included were, ‘Bufo gargarizans’, OR ‘Bufo sachalinensis’, OR ‘Bufo stejnegeri’, OR ‘Bufo japonicus japonicus’, OR ‘Bufo japonicus formosus’, OR ‘Bufo japonicus japonicus’, OR ‘Bufo praetextatus’, OR ‘Bufo torrenticola’, OR ‘Strauchbufo raddei’, OR ‘Dryophytes japonicus/ Hyla japonica’, OR ‘Dryophytes immaculatus’, OR ‘Dryophytes suweonensis/ Hyla suweonensis’, OR ‘Dryophytes flaviventris’, OR ‘Hyla hallowellii’, OR ‘Bombina orientalis’, OR ‘Kaloula borealis’, OR ‘Glandirana reliquia’, OR ‘Glandirana rugosa’, OR ‘Glandirana susurra’, OR ‘Rana japonica’, OR ‘Rana kobai’, OR ‘Rana kyoto’, OR ‘Rana matsuoi’, OR ‘Rana neba’, OR ‘Rana okiensis’, OR ‘Rana pirica’ OR ‘Rana sakuraii’ OR ‘Rana tagoi’, OR ‘Rana yakushimensis’, OR ‘OR ‘Rana amurensis’ OR ‘Rana coreana’ OR ‘Rana dybowskii’ OR ‘Rana uenoi’ OR ‘Rana chensinensis’ OR ‘Rana huanrenensis’, OR ‘Rana taihangensis’, OR ‘Glandirana emeljanovi’, OR ‘Pelophylax nigromaculatus’, OR ‘Pelophylax mongolius’, OR ‘Pelophylax chosenicus’, OR ‘Pelophylax plancyi’, OR ‘Pelophylax porosus’, OR ‘Lithobates catesbeianus/Aquarana catesbeiana’, OR, ‘Xenopus laevis’, OR ‘Fejervarya kawamurai’, OR ‘Zhangixalus arboreus’, OR ‘Zhangixalus schlegelii’, OR Kaloula rugifera, OR Kaloula borealis OR Kaloula verrucossa.
In the process of selecting published articles and theses, we applied two standardized criteria to ensure rigor and consistency: (a) inclusion of peer-reviewed research papers and theses, and (b) research publications containing dating information, specifically those featuring reconstructed time-calibrated trees related to northeast Asian anuran species. These encompassed studies covering both endemic and invasive-established populations. The selected research articles and theses were assembled in a folder and organized using Mendeley Desktop v.1.19.8 (Mendeley Ltd, 2020) and Microsoft Excel v.16 (Microsoft Corporation, 2019). We thoroughly highlighted and annotated each selected literature, extracting details such as dating information, speciation mechanisms, and the driving factors influencing molecular diversification into a table. Subsequently, we ordered speciation events and the related driving factors based on the chronology of occurrences, and then we presented them in a spreadsheet table (Table 1). Using this chronology, we also developed a chronology diagram in Figure 1, and reconstructed the map associated with it. We overlaid the East Asian map with the vegetation map predicted during Last Glacial Maxima (LGM), modelled by Ray et al. (2001) (Ray et al., 2001), and included the ancient East Asia map based on the paleomaps modelled by Matthew et al. (2016) (Matthews et al., 2016). All maps were reconstructed using QGIS v.2.1.8 (QGIS Development Team, 2024).
Preprocessing of open SRA data and mtDNA dataset assembly
We constructed a genome-anchored multilocus dataset representative of the major anuran lineages by combining SNP-based nuclear variants and mitochondrial sequences derived from publicly available Illumina RNA-seq archives in the NCBI SRA (SRA Toolkit v3.1.1; National Center for Biotechnology Information (NCBI), 2025). The dataset comprised 42 species spanning eight widespread genera: Amolops, Bufo, Duttaphrynus, Odorrana, Rana, Microhyla, Quasipaa, and Nanorana. We retrieved raw sequence reads using the prefetch and fasterq-dump functions and verified them against BioSample metadata (https://data.mendeley.com/drafts/nbkhzc84df). We downloaded reference genomes for Nanorana parkeri, Bufo gargarizans, Rana temporaria, Hyla sarda, and Quasipaa shini from NCBI RefSeq (O’Leary et al., 2016) and indexed them with BWA v0.7.17 (Li and Durbin, 2009).
We mapped paired-end reads to the closest available reference genome using bwa mem algorithm and converted the resulting SAM files to sorted BAM format with SAMtools v1.20 (Danecek et al., 2011). We performed mapping across all major anuran families: Bufonidae (B. bufo, B. gargarizans, B. tibetanus, D. melanostictus, D. himalayanus), Dicroglossidae (Q. shini, N. taihangnica, N. parkeri), Microhylidae (M. ornata, M. fissipes, M. heymonsi), Hylidae (D. japonicus), and Ranidae (Amolops loloensis, A. mantzorum, A. wuyiensis, Odorrana hainanensis, O. schmackeri, Rana amurensis, R. dybowskii, R. chensinensis, R. tagoi, R. uenoi, R. omeimontis, R. kukunoris, Pelophylax plancyi, P. nigromaculatus, Glandirana rugosa, A. catesbeiana).
To call SNPs relative to their reference genomes, and to generate variant catalogs, we processed the sorted BAM files in Stacks v2.68 (Rochette et al., 2019), using the ref_map.pl pipeline. Here, we analysed the variant calling of each genus independently, with a dedicated population map and output directory. After generating and filtering the variant catalogs to retain high-quality biallelic loci, we converted the resulting VCFs into concatenated NEXUS matrices using vcf2phylip v2.0 (Ortiz, 2019).
Time calibration of East Asian anurans tree
We reconstructed a species tree for 42 East Asian anuran species using two complementary data types: (a) a 3,308 bp mitochondrial gene fragment dataset comprising trnL(CUN), trnT, trnP, trnF, 12S rRNA, trnV, and 16S rRNA; and (b) a transcript-level SNP dataset obtained from RNA-seq of 17 species, encompassing up to 2,302,861 sites (see BEAST .xml input files deposited in Mendeley Data; 10.17632/nbkhzc84df.1). All sequence data were obtained from GenBank (https://www.ncbi.nlm.nih.gov/nucleotide/).

We reconstructed dated phylogenetic relationships among the 42 taxa using the multispecies coalescent model implemented in StarBEAST2 (Bouckaert et al., 2019). Separate gene trees for mitochondrial and SNP partitions were linked to a shared species tree, and divergence times were jointly estimated under uncorrelated log-normal relaxed clocks. To ensure comparability with previous phylogenetic frameworks, we adopted a relaxed molecular-clock model and incorporated both fossil and secondary calibration points summarized in Table 1. The three major calibration constraints were: (a) A split between the subfamilies Dyscophinae and Microhylinae occurring between 61.0 and 72.6 Mya (Van Bocxlaer et al., 2006; Kurabayashi et al., 2011; Garg and Biju, 2019) with a log-normal prior (mean = 10.0, SD = 3.5, offset = 51.0), yielding a 95 % interval of 55.2–66.8 Mya. (b) A minimum age of 9.9 Mya to a maximum of 15.0 Mya for the emergence of Bufo in the Eastern Palearctic (Othman, Litvinchuk, et al., 2022), enforced under a log-normal prior (mean = 6.0, SD = 1.0, offset = 9.0), giving a 95 % interval of 9.7–27.9 Mya. (c) A split between the Eurasian and American Ranidae clades (30–40 Mya; Yuan et al., 2016), constrained by the oldest Pelophylax fossil (31.5–33.0 Mya; Sanchiz, 1997), using a log-normal prior (mean = 10.0, SD = 0.3, offset = 15.0) and yielding a 95 % interval of 20.8–30.7 Mya.
Each StarBEAST2 analysis ran for 100 million generations, sampling every 10,000 steps under a birth-death speciation prior to account for lineage diversification and rate heterogeneity. We assessed convergence in Tracer v1.7.2 (Rambaut et al., 2018), combined log files in LogCombiner after discarding 10–20 % burn-in, and summarized maximum-clade-credibility trees in TreeAnnotator (Bouckaert et al., 2019). The resulting dated tree was visualized using DensiTree v2.0 (Bouckaert, 2010) and pruned to the 42 SNP-represented taxa for subsequent diversification analyses. 
[bookmark: _Hlk215870287]To examine the consistency of family- and clade-level divergence times, we summarised posterior node ages from the species-tree analysis in R v4.2.3 (R Core Team, 2024). After discarding 10% burn-in, we extracted the MRCA age for each focal clade across all posterior trees using the functions ‘getMRCA’ and ‘branching.times’ in the ape and phytools packages (Revell, 2012). The resulting posterior age samples were then plotted as kernel density curves with ggplot2, providing HPD% distributions for each family or clade (Fig. 2). These density profiles were inspected for multimodality, extreme outliers, or inversions in the expected age order to evaluate the internal consistency of divergence-time estimates.
Evolutionary dynamics on key phenotypic traits
To elucidate evolutionary processes and assess the influence of trait evolution within the three major widespread families in northeast Asia (Microhylidae, Bufonidae, and Ranidae), we estimated key phenotypic traits. Specifically, we utilized Snout-Vent Length (SVL in mm) as a representative measure of species’ body size. Additionally, we considered two complementary climatic traits: maximum elevation (m) and latitudinal ranges (km). Here, we reconstructed a traits dataset composed of 42 selected taxa within the reconstructed time tree. The information on the traits were collected from literature (Table S1) and open databases such as the AmphibiaChina, https://www.amphibiachina.org/ (AmphibiaChina, 2023) and the IUCN, https://www.iucnredlist.org/en (IUCN, 2024) (Table S1). For the latitudinal range size trait and maximum elevation, the data were extracted using the original species distribution shapefiles provided by IUCN (IUCN, 2024) and AmphibiaChina (AmphibiaChina, 2023), measured through QGIS v.3.34 (QGIS Development Team, 2024), using “mask” and “ruler” tools embedded in the program.
To clarify the diversity pattern of the three traits selected, we estimated discrete shifts in lineage diversification rates across the evolutionary history of widespread northeast Asians anurans through a “diversification” and “trait” models, using Bayesian Analysis of Macroevolutionary Mixtures (BAMM) framework. We executed the analyses with BAMM v.2.5.0 (Rabosky et al., 2014) under a C++ command line program and the associated R packages. BAMM incorporates reversible jump, Metropolis Coupled Markov Chain Monte Carlo, and accommodates variations in speciation rates over time, along with discrete changes in the rate and pattern of diversification (Mitchell and Rabosky, 2017).
The analyses inferred on the same dated species tree of northeast Asia, encompassed of net diversification rate, speciation rate and extinction rate under a time constraint at 88 Mya. Within BAMM control files, we opted for phylogeny-specific diversification rate parameter priors (‘lambdaInitPrior’, ‘lambdaShiftPrior’, and ‘muInitPrior’). Subsequently, we conducted sampling across four Markov Chain Monte Carlo (MCMC) chains, each consisting of 10 million generations, with samples collected every 10,000 iterations. A burn-in of 10% was applied to both the phylogeny and the three trait datasets. In R version 4.2.1 (R Core Team, 2024), we computed the effective sample size and analysed trace plots for the posterior distribution of the likelihood of the rate regime. This was accomplished using functions provided by the R packages ‘BAMMtools’ (Rabosky et al., 2014) and ‘coda’ (Plummer et al., 2006).  Employing BAMMtools, we additionally calculated the median speciation, extinction, and net diversification rates for each of the 100 temporal slices within the posterior distribution of BAMM analyses focused on widespread anuran clades and their three trait datasets.
Specifically, concerning the speciation-extinction model applied to the phylogeny dataset, we examined how different priors influence the posterior distribution of rate shifts, addressing critiques of the BAMM methodology (Moore et al., 2016). We set the prior distribution of the number of shifts to the three range; minimum end (0.1), default value (1.0) and maximum end (10.0), and here regime with zero shifts was the most likely condition (BAMM parameter “expectedNumberofShifts” = 1). We ran additional BAMM analyses on all four phylogenies using two extreme values of “expectedNumberofShifts” (0.1 and 10; Table S2 and Table S3). As a follow-up evaluation of BAMM analyses, we found two of the three prior scenarios (default and maximum end probabilities) yielded almost indistinguishable posterior distributions of rate shifts, along with consistent patterns of speciation rates ranging from low to high across the families of anurans (Fig. 2C-2E). We computed the average marginal odds ratio (branch-specific or “marginal” Bayes-factor), sensu Shi and Rabosky (2015) (Shi and Rabosky, 2015), as the ratio of the posterior to prior probability of a shift occurring along each branch across all phylogenies. For each phylogeny, we also identified the number of core-shifts (defined here as those shifts with a marginal odds ratio > 10) and the frequency of each unique configuration of core-shifts using the R function “distinctShiftConfiguration” (threshold = 10). 

Supplementary Tables
Table S1. The dataset comprises the most common phenotypic and climatic traits of anurans from northeast Asia. The taxa in this dataset complement the reconstructed time tree and correspond to those in macroevolution dynamics analyses in Fig. 2. 
	Taxa
	Maximum elevation (m)
	Maximum SVL (mm)
	Latitudinal range (km)
	Source

	Amolops loloensis
	2688
	77.5
	456
	IUCN (2024); Lyu et al. (2019)



	Amolops mantzorum
	4209
	72
	813
	IUCN (2024); Lyu et al. (2019)

	
	
	
	
	

	Amolops tuberodepressus
	4914
	70
	104
	IUCN (2024); Lyu et al. (2019)



	Amolops wuyiensis
	665
	60
	550
	IUCN (2024); Lyu et al. (2019)



	Rana amurensis
	680
	76.2
	3704
	IUCN (2024); Chen et al., (2011)



	Rana coreana
	643
	45.1
	637
	IUCN (2024), Othman, Shin, et al. (2022); Borzée et al. (2023) 



	Rana dabieshanensis
	1712
	68.3
	3.66
	IUCN (2024); Wang et al., (2017)



	Rana omeimontis
	1219
	75
	974
	AmphibiaChina, (2023)



	Rana chaochiaoensis
	2594
	62
	771
	AmphibiaChina, (2023)



	Rana chensinesis
	1500
	76.864
	2773
	IUCN (2024); Othman, Shin, et al.(2022); Borzée et al. (2023)



	Rana huanrenensis
	1076
	65.541
	1005
	IUCN (2024); Othman, Shin, et al. (2022); Borzée et al. (2023)



	Rana kukunoris
	4457
	78.027
	1464
	IUCN (2024); Othman, Shin, et al. (2022); Borzée et al. (2023)


	Rana dybowskii
	562
	68.774
	3392
	IUCN (2024); Othman, Shin, et al. (2022); Borzée et al. (2023)


	Rana uenoi
	200
	74.644
	607
	IUCN (2024); Othman, Shin, et al. (2022); Borzée et al. (2023)


	Glandirana emeljanovi
	300
	59.1
	1577
	IUCN (2024); Shimada et al. (2022)



	Glandirana rugosa
	1600
	51.9
	1911
	Shimada et al. (2022) 


	Pelophylax plancyi
	211
	85
	1515
	https://eol.org/pages/1048271/articles


	Pelophylax chosenica
	291
	56.43
	603
	Cheong et al. (2007)



	Pelophylax nigromaculatus

	1400
	89.42
	4398
	Park et al. (2021)



	Lithobates catesbeianus
	1800
	135.2
	11489
	Park et al. (2022)



	Odorrana hainanensis
	1000
	111
	104
	Wang et al. (2015)



	Odorrana schmackeri
	800
	80
	1218
	https://www.thainationalparks.com/species/odorrana-schmackeri



	Nanorana parkeri
	5000
	50.5
	743
	Zhang et al. (2012)



	Nanorana taihangnica
	1700
	91
	633
	AmphibiaChina (2023) 



	Quasipaa shini
	1550
	99
	531
	AmphibiaChina (2023)



	Quasipaa yei
	560
	83
	419
	AmphibiaChina (2023)



	Bufo gargarizans
	1000
	106.3
	3911
	IUCN (2024)



	Bufo tibetanus
	4300
	100
	642
	IUCN (2024)



	Bufo stejnegeri
	1200
	58.5
	880
	IUCN (2024)



	Bufo bufo
	3000
	115
	3705
	IUCN (2024)



	Duttaphrynus melanostictus
	2800
	74.9
	6435
	Kennedi et al. (2020)



	Duttaphrynus parietalis
	260
	100
	1231
	https://indiabiodiversity.org/species/show/279364



	Duttaphrynus himalayanus
	3700
	73
	2074
	https://indiabiodiversity.org/species/show/279364




	Bufo raddei
	1814
	75.3
	2688
	Othman, Choe, et al. (2022)



	Bufo japonicus
	2500
	113
	1849
		Matsui (1984)



	Kaloula borealis
	1200
	51.13
	2140
	Zhang et al. (2019)
 

	Kaloula rugifera
	1200
	50
	578
	Chen et al. (2008)



	Kaloula verrucosa
	2400
	57.5
	573
	Mo et al. (2013)



	Microhyla fissipes
	2000
	23.4
	3586
	Kuramoto and Joshy (2006)



	Microhyla ornata
	2000
	26.2
	3158
	Kuramoto and Joshy (2006)



	Microhyla heymonsi
	2263
	26
	4395
	Kuramoto and Joshy (2006)



	Microhyla okinavensis
	650
	30.8
	746
	Kuramoto and Joshy (2006)





Table S2. Posterior samples distribution and Bayes Factor estimation are used to test the effect of prior choices on the posterior distribution. The analysis was focused on the mtDNA dataset and based on the minimum (0.1), default (1.0), and maximum (10) values for ‘expectedNumberOfShifts’. The inconsistency in Bayes Factor, affected by prior choice, is marked with an asterisk (*).

	Posterior distribution
	Number of shift
	Posterior samples
	Bayes Factor

	expectedNumberOfShifts = 0.1
	0
	0.98
	6.245

	
	1
	0.014
	1.303

	
	2
	0.001
	0.767

	
	4
	0.00011
	10.318*

	expectedNumberOfShifts =1.0
	0
	0.98
	34.348

	
	1
	0.017
	7.166

	
	2
	0.00067
	0.14

	
	4
	N/A
	0.062

	expectedNumberOfShifts = 10.0
	0
	0.99
	62.452

	
	1
	0.012
	13.030

	
	2
	0.00089
	0.076

	
	4
	N/A
	0.010





Table S3. The speciation rates of the four widespread families and all anurans in the BAMM time tree. The marginal shift was adjusted to 0.1, 1.0, and 10.0. Families marked with an asterisk (*) indicate the major ones occurring in Northeast Asia, which is the focus of this study.
	Type of data
	Speciation rate
	All anurans (mean /HPD 95%)
	Microhylidae*
	Bufonidae*
	Dicroglossidae
	Ranidae*

	mtDNA only
	Probability of shift = 0.1
	0.0756 (0.048– 0.116)
	0.0758 (0.048–0.117)
	0.0760 (0.048 – 0.117)
	0.0762
(0.048– 0.117)
	0.0765 (0.048–0.117)

	mtDNA + SNPs (non-adjusted)
	Probability of shift = 0.1
	0.1786 (0.1074–0.2736)
	0.1809 (0.1090–0.2763)
	0.1810 (0.1092– 0.2765)
	0.1804 (0.1083– 0.2763)
	0.1813 (0.1095–0.2763)

	
mtDNA + SNPs (adjusted)
	
Probability of shift = 0.1
	0.2264 (0.1412-0.3425)
	0.2288 (0.1427–0.3468)
	0.2291 (0.1431–0.3470)
	0.2300 (0.1441–0.347)
	0.2309 (0.1453– 0.3478)

	mtDNA only
	Probability of shift = 1.0
	0.0769 (0.049– 0.118)
	0.0771 (0.048 –0.118)
	0.0771 (0.048 –0.118)
	0.0771 (0.048 –0.118)
	0.0772 (0.048 0.118)

	mtDNA + SNPs (non-adjusted)
	Probability of shift = 1.0
	0.1834 (0.1121– 0.2811)
	0.1842 (0.1125–0.2822)
	0.1842 (0.1126– 0.2822)
	0.1841 (0.1125– 0.2823
	0.1843 (0.1125–0.2822)

	mtDNA + SNPs (adjusted)
	Probability of shift = 1.0
	0.2415 (0.1500-0.3625)
	0.2424 (0.1503- 0.3637)
	0.2425 (0.1504-0.3644)
	0.2426 (0.1505- 0.3637)
	0.2427 (0.1505- 0.3632)

	mtDNA only
	Probability of shift = 10
	0.0775 (0.048– 0.118)
	0.0776 (0.048–0.118)
	0.0776 (0.048–0.118)
	0.0776 (0.048–0.118)
	0.0776 (0.048– 0.118)

	mtDNA + SNPs (non-adjusted)
	Probability of shift = 10
	0.1853(0.1132–0.2772)
	0.1854(0.1132–0.2777)
	0.1855(0.1133–0.2779)
	0.1853(0.1132322-0.2771)

	0.1854(0.1133– 0.2774)

	mtDNA + SNPs (adjusted)
	Probability of shift = 1.0
	0.2412 (0.1510– 0.3593)
	0.2413 (0.1510- 0.3595)
	0.2413 (0.1510–0.3597)
	0.2413 (0.1510– 0.3597)
	0.2414 (0.1511– 0.3602)




Table S4. List of taxa and sequence accessions used for reconstruction of the species tree in this study. Complete mitochondrial genomes (mtDNA) were obtained from GenBank and used as the primary dataset for phylogenetic reconstruction. Sequence Read Archive (SRA) accessions correspond to raw sequencing reads retrieved from public repositories and were used to generate genome-wide SNP data for complementary analyses. The concatenated supermatrix alignment comprises genomic, ddRADseq, transcriptomic, and targeted capture data, processed under a unified pipeline for variant calling.
	Taxa
	Voucher
	mtDNA (accession number)
	Raw sequencing reads (SRA ID)
	Source

	Amolops loloensis
	SM-ZDTW-00
	KT750963
	SRR21148402
	(Xue et al., 2015)

	Amolops mantzorum
	N/a
	KJ546429
	SRR21148506
	(Shan et al., 2016)

	Amolops tuberodepressus
	N/a
	KR559270
	N/a
	(Zhang et al., 2018)

	Amolops wuyiensis
	N/a
	KM386618
	SRR21148458
	(Huang et al., 2016)

	Aquarana catesbeiana
	N/a
	AB761267
	SRR27446669
	Direct submission by Kurabayashi et al. (2016)

	Bufo bufo
	N/a
	LR991678
	SRR28086035
	Direct submission through bioproject PRJEB42168

	Bufo gargarizans
	N/a
	NC_008410
	SRR5344008
	(Cao and Wu, 2006)

	Bufo japonicus
	N/a
	AB303363
	N/a
	(Igawa et al., 2008)

	Bufo stejnegeri
	y-d20130012
	KR136211
	SRR4332718
	Direct submission by Dong and Yang (2015)

	Bufo tibetanus
	N/a
	JX878885
	SRR8648150
	(Wang et al., 2013)

	Duttaphrynus himalayanus
	SDB4566
	FJ882790
	SRR31208149
	Van Bocxlaer et al. (2009)

	Duttaphrynus melanostictus
	N/a
	AY458592
	SRR31208132
	Zhang et al. (2005)

	Duttaphrynus parietalis
	SDB 10100
	FJ882784
	N/a
	Van Bocxlaer et al. (2009)

	Glandirana emeljanovi
	HRB1506079
	KU641020
	N/a
	Liu et al. (2017)

	Glandirana rugosa
	N/a
	LC536284
	DRR489650
	Mochizuki et al. (2020)

	Kaloula borealis
	N/a
	JQ692869
	N/a
	Direct submission by Lee (2016)

	Kaloula rugifera
	N/a
	KT878719
	N/a
	Jiang et al. (2017)

	Kaloula verrucosa
	N/a
	MG962359
	N/a
	Wang et al. (2018)

	Microhyla fissipes
	N/a
	MH822625
	SRR18907696
	Han et al. (2019)

	Microhyla heymonsi
	N/a
	AY458596
	SRR10224263
	Zhang et al. (2005)

	Microhyla okinavensis
	IABHU5263
	AB303950
	N/a
	Igawa et al. (2008)

	Microhyla ornata
	N/a
	DQ512876
	SRR26386340
	Direct submission by Nie and Chao (2016)

	Nanorana parkeri
	N/a
	KP317482
	N/a
	Jiang et al. (2016)

	Nanorana taihangnica
	N/a
	KJ569109
	SRR26386343
	Chen et al. (2014)

	Odorrana hainanensis
	N/a
	KX056491
	SRR8138612
	Huang et al. (2018)

	Odorrana schmackeri
	N/a
	KX233866
	SRR8138610
	Zhang et al. (2018)

	Pelophvlax chosenicus
	N/a
	JF730436
	N/a
	Ryu and Hwang (2011)

	Pelophylax nigromaculatus
	N/a
	AB043889
	SRR12283307
	Sumida et al. (2001)

	Pelophylax plancyi
	N/a
	EF196679
	SRR12209873
	Direct submission by Nie et al. (2016)

	Quasipaa shini
	N/a
	KF199148
	SRR4332938
	Zhang et al. (2018)

	Quasipaa yei
	HNNU0908I061
	KJ842105
	N/a
	Chen, Zhai, Zhu, et al. (2014)

	Rana amurensis
	HRB1504006
	MF370348
	SRR16553170
	Liu, Wang, et al. (2017)

	Rana chaochiaoensis
	N/a
	KU246048
	SRR606886
	Yang et al. (2018)

	Rana chensinensis
	N/a
	KF898356
	SRR23936871
	Li et al. (2014)

	Rana coreana
	N/a
	KM590550
	N/a
	Direct submission by Jang and Hwang (2014)

	Rana dabieshanensis
	N/a
	MW526989
	N/a
	Direct submission by Gan et al. (2022)

	Rana dybowskii
	N/a
	KF898355
	SRR30783062
	Li et al. (2014)

	Rana huanrenensis
	y-d20130058
	KT588071
	N/a
	Dong et al. (2016)

	Rana kukunoris
	RG-GYLW-01
	KU246049
	SRR17284458
	Yang et al. (2018)

	Rana omeimontis
	
	MK483118
	SRR4332692
	Jiang et al. (2020)

	Rana uenoi
	MW009067
	
	SRR13364873
	Direct submission by Suk and Min (2020)

	Strauchbufo raddei
	AHUAM2012001
	KR861720
	N/a
	Direct submission by Peng et al. (2016)
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[image: ]
Fig. S1. BAMM analyses encompassed net diversification, speciation, and extinction rates, inferred using non-adjusted priors on the species tree. The time-calibrated species tree inferred from the mtDNA dataset based on 3,308 bp of ribosomal and transfer RNA gene fragments combined with up to 2.3 million SNPs data from RNAseq data with adjusted basal time. (A) Species tree calibrated with basal constraints at 100 Mya (same calibration as the species trees in Fig. 2). The gradient of colours on the tree represents the increase in the speciation and net diversification rates. The colours on the branches of the time tree indicate the mean of the marginal posterior density of speciation rates, with the range of rate values marked in the legend (cool colours = slow, warm colours = fast). 
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[bookmark: _Hlk186882054]Fig. S2. BAMM analyses encompassed net diversification, speciation, and extinction rates, inferred using adjusted priors on the species tree. The time-calibrated species tree inferred from the mtDNA dataset based on 3,308 bp of ribosomal and transfer RNA gene fragments combined with up to 2.3 million SNPs data from RNAseq data with adjusted basal time. (A) The species tree calibrated with adjusted priors to match the mtDNA only time constraints at 80 Mya (Fig. 3). The gradient of colours on the tree represents the increase in the speciation and net diversification rates. The colours on the branches of the time tree indicate the mean of the marginal posterior density of speciation rates, with the range of rate values marked in the legend (cool colours = slow, warm colours = fast). 
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Fig. S3. Distribution and cross-study coherence of divergence-time midpoints across evolutionary drivers. Divergence ages compiled from synthesised literature and secondary dating estimates (Table 1) are grouped by the four main evolutionary drivers illustrated in Fig. 1: (1) palaeogeology and landscape formation, (2) climatic fluctuations and latitudinal gradients, (3) glaciations and sea-level changes, and (4) anthropogenic influences. Divergence midpoints associated with palaeogeological and climatic drivers predominantly date from the Neogene (10–25 Mya), whereas glacial and anthropogenic events cluster within the Quaternary (< 3 Mya). The boxplot (panel A) highlights temporal differentiation among drivers, while the kernel density plot (panel B) shows overlapping but structured distributions, indicating coherence of temporal patterns among independent studies despite methodological differences. These results demonstrate that published divergence estimates are broadly comparable across studies but reflect distinct geological and environmental contexts for each diversification driver.
[image: ]
Fig. S4. Relative contribution of divergence drivers across northeast Asian anuran families. Bars represent the percentage of divergence records attributed to each major evolutionary driver after filtering to include only Northeast Asian clades (Bombinatoridae, Bufonidae, Hylidae, Hyloidae, Microhylidae, and Ranidae). Divergence drivers were classified into four categories: (1) palaeogeological and landscape barriers, (2) palaeoclimatological and latitudinal gradients, (3) glaciations and past sea-level dynamics, and (4) anthropogenic influences. The “Unspecified” category denotes studies that reported divergence without identifying a causal driver (Table 1). Values are scaled within each family based on the total number of records (Bombinatoridae: 8; Bufonidae: 51; Hylidae: 15; Hyloidae: 2; Microhylidae: 13; Ranidae: 45).
[image: ]
Fig. S5. Accumulated posterior density of divergence times for major anuran genera based on species-tree analyses integrating mtDNA and genome-wide SNP datasets (corresponding to Fig. 2). Kernel density curves show the distribution of node ages (with their associated HPD support) for each genus across two climatic regions, northeast Asia (top) and the subtropics East Asia (bottom). Northeast Asia lineages exhibit broader temporal spread with clear Miocene–Pliocene peaks (notably in Rana, Glandirana, and Pelophylax), whereas subtropical genera show tightly clustered, predominantly Pleistocene divergences. Densities are normalised within each region and reflect the accumulation of supported divergence events, highlighting contrasting evolutionary tempos across climatic zones.
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