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Abstract. Undocumented and unnamed biodiversity is difficult to conserve effectively. We 24 

encountered several Kurixalus (Anura: Rhacophoridae) individuals of an unknown species 25 

identity in Fujian, China, a province with no previous records of Kurixalus. This genus of 26 

frogs, of which many new species have been described in recent years, has been the subject 27 

of much historical taxonomic confusion, largely due to conserved morphology. We 28 

sequenced two mitochondrial and one nuclear genes (1748 total bp) for three individuals 29 

from Fujian and reconstructed their phylogeny including all known lineages of Kurixalus 30 

from mainland China, and other East Asia lineages when data was available. Both Bayesian 31 

Inference and Maximum Likelihood trees consistently showed that the individuals from 32 

Fujian were most closely related to K. inexpectatus, which previously was only known 33 

from northern Zhejiang, over 830 km north of this new location. Our results help clarify 34 

the identity of the unknown Kurixalus in Fujian and the distribution of Kurixalus, 35 

particularly regarding the distribution of K. hainanus, which has previously been confused 36 

with other members of the K. odontotarsus species complex. Additionally, we created 37 

ecological niche models using Maxent for the clade including both K. inexpectatus and its 38 

sister species K. idiootocus to guide future survey efforts. 39 

 40 

Keywords. Kurixalus, Maxent, cryptic species, tree frog   41 
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INTRODUCTION 42 

The genus Kurixalus Ye, Fei, and Dubois, 1999, sometimes referred to as the frilled 43 

swamp tree frogs, consists of 23 currently recognized species, with ten of these described 44 

since 2014 (Frost, 2024a). These small, arboreal frogs of the family Rhacophoridae are 45 

found mainly in Southeast Asia and have relatively similar morphologies, which has led to 46 

significant taxonomic confusion within the genus (Yu et al., 2017a; Lv et al., 2018; Nguyen 47 

et al., 2020). Kurixalus has also been the subject of multiple studies of biogeography and 48 

patterns of historical dispersal between islands and the Asian mainland (Yu et al., 2020; 49 

Mo et al., 2023), although some reported colonization timelines dating to the Miocene are 50 

incompatible with the estimated timing of geological formation of landmasses in the 51 

Pliocene (Lv et al., 2018; Ali, 2020). 52 

Several recently described species of Kurixalus are known from only the type locality 53 

or very small ranges (Yu et al., 2018; Hou et al., 2021; Zeng et al., 2021; Guo et al., 2022; 54 

Messenger et al., 2022), but additional surveys may reveal new localities, as was the case 55 

with K. lenquanensis (Yu et al., 2017b; Pang et al., 2024). During field surveys at night in 56 

February 2024 in Yunxiao County (Fujian, China), we encountered multiple individuals of 57 

the genus Kurixalus of uncertain species identity (Fig. 1). The frogs were calling from 58 

underneath vegetation in a montane wetland at an elevation of around 800 meters (23.9189° 59 

N, 117.2022° E). As far as we are aware, there have been no published records for the genus 60 

Kurixalus in Fujian, with the closest records on the Chinese mainland being in Guangdong 61 

and belonging to K. hainanus (Yu et al., 2017a). Given the presence of paired dark patches 62 

on the belly, we hypothesized the unknown Kurixalus were most likely related to K. 63 

idiootocus or K. inexpectatus rather than K. hainanus (Zeng et al., 2021; Messenger et al., 64 

2022). The K. idiootocus species complex has been in flux recently, with five mainland 65 
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species having been described as sister to the island endemic K. idiootocus, namely K. 66 

lenquanensis (Yu et al., 2017b), K. raoi (Zeng et al., 2021), K. silvaenaias (Hou et al., 67 

2021), K. qionglaiensis (Guo et al., 2022), and K. inexpectatus (Messenger et al., 2022). 68 

Of these, K. silvaenaias and K. qionglaiensis have been recognized to be the same species 69 

and the synonymy of K. inexpectatus with K. idiootocus has been proposed as well (Lyu et 70 

al., 2024). Additionally, the distribution and identity of members of the K. odontotarsus 71 

species complex in Southeast Asia is also in need of further clarification. Several likely 72 

species-level lineages have been identified (Yu et al., 2017a) but only some of these have 73 

been formally described, such as K. yangi (Yu et al., 2018). Within southeastern China, 74 

specifically Guangxi, Guangdong, and Hainan, the names K. bisacculus, K. hainanus, K. 75 

odontotarsus, and K. verrucosus have been used, but they likely correspond to a single 76 

lineage within the K. odontotarsus species complex (Yu et al., 2017a; Lv et al., 2018; Mo 77 

et al., 2023). 78 

We conducted molecular phylogenetic analyses to assess the identity of the unidentified 79 

frogs and clarify the distribution of Kurixalus frogs in eastern Asia, with an emphasis on 80 

mainland China. Preliminary molecular barcoding indicated that the specimens from Fujian 81 

were most closely related to K. inexpectatus, though the only previously known locality of 82 

K. inexpectatus is in northern Zhejiang, 830 km further north. We also used ecological 83 

niche modeling with the known points for K. inexpectatus and its sister species, K. 84 

idiootocus, to predict the areas that may harbor additional undiscovered populations. 85 

MATERIALS AND METHODS 86 

Laboratory work 87 
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 Upon encounter, three Kurixalus individuals from Fujian were collected and buccal 88 

swabs were taken to obtain DNA. We extracted genomic DNA from the buccal swabs of 89 

the three Kurixalus individuals sampled in Fujian and three individuals of K. idiootocus 90 

from Taiwan, as well as DNA from thigh muscle of four specimens of K. inexpectatus from 91 

Zhejiang (Table S1) using a Qiagen DNeasy Blood & Tissue Kit (Qiagen, Germany) 92 

according to the manufacturer’s protocol. For the Kurixalus individuals from Fujian and 93 

three K. idiootocus from Taiwan, we sequenced one nuclear and two mitochondrial 94 

fragments. For the nuclear gene, we sequenced a 476 bp long fragment of Tyrosine exon-1 95 

(TYR) using the primer pair L2976 (5’-TGC TGG GCR TCT CTC CAR TCC CA-3’) 96 

H2977 (5’-AGG TCC TCY TRA GGA AGG AAT G-3’; Bossuyt and Milinkovitch, 2000). 97 

For the mtDNA, we sequenced an 827 bp fragment from a section of the partial 12S rRNA, 98 

complete tRNA-Valine, and partial 16S rRNA (12S-Val-16S) genes using the primer pair 99 

F0001 (5’-AGA TAC CCC ACT ATG CCT ACC C-3’) R1169 (5’-GTG GCT GCT TTT 100 

AGG CCC ACT-3’; Wilkinson, Drewes, and Tatum, 2002). We also sequenced a 554 bp 101 

long fragment of the cytochrome oxidase subunit I (COI) gene using the primer pairs COI-102 

CO1 (5’-TYT CWA CWA AYC AYA AAG AYA TTG G-3’) COI-CO3 (5’- ACY TCY GGR 103 

TGA CCA AAR AAY CA-3’) and Chmf4 (5’- TYT CWA CWA AYC AYA AAG AYA TCG 104 

G-3’) Chmr4 (5’- ACY TCR GGR TGR CCR AAR AAT CA-3’; Che et al., 2012). For the 105 

K. inexpectatus from Zhejiang, which already had two gene fragments sequenced 106 

(Messenger et al., 2022), we sequenced COI using the ad hoc-designed primers CO1KuF 107 

(5’-CCT GGG CCG GAA TGA TCG-3’) CO1KuR (5’-TTG ATA AAG AAC TGG GTC 108 

CCC-3’), as these samples failed to amplify with the COI primers mentioned above. We 109 

amplified all fragments using polymerase chain reactions (PCR) in a total volume of 25 μl, 110 
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which contained 12.5 μl of 2× Hieff PCR Master Mix (without dye), 1 μl of a 10 μM 111 

solution of each primer, 2 μl of DNA sample at a concentration of 10 ng/μl (within the 112 

recommended range), and 8.5 μl ddH2O. We carried out amplification using an Arhat 96 113 

thermal cycler (Shanghai, China). Thermal profiles for PCR were as follows: initial 114 

denaturation at 95 °C for 5 minutes, followed by 35 cycles of denaturation at 94 °C for 1 115 

minute, annealing at 54 °C for TYR, 55 °C for 12S-Val-16S, and 46 °C for COI for 1 minute, 116 

and extension at 72 °C for 1 minute. The cycles were followed by a 10-minute final 117 

extension at 72 °C. PCR amplifications and double reads sequencing for all samples were 118 

performed by Sangon Biotech Co., Ltd. (Shanghai, China) and Tsingke Biotech Co., Ltd. 119 

(Beijing, China). The Kurixalus individuals from Fujian were released after initial DNA 120 

barcoding indicated they were not an undescribed species and no morphological 121 

measurements were taken. 122 

Molecular analyses 123 

To complement our sequences and reconstruct alignments for phylogeny, we 124 

downloaded homologous sequences for Kurixalus species from GenBank 125 

(www.ncbi.nlm.nih.gov/genbank). We added a sequence of Theloderma albopunctatum 126 

(Rhacophoridae) as the outgroup. To identify our unknown samples using phylogenetic 127 

analyses, the sequences in our alignments covered all identified clades of Kurixalus found 128 

in mainland China (Fig. 2, Table S1), according to the literature (Wilkinson, Drewes, and 129 

Tatum, 2002; Frost et al., 2006; Li et al., 2008, 2013; Nguyen, Matsui, and Duc, 2014; Wu 130 

et al., 2016; Yu et al., 2017a, 2020; Hou et al., 2021; Zeng et al., 2021; Messenger et al., 131 

2022; Luo et al., 2023; Lyu et al., 2024; Xu et al., 2024). We trimmed and aligned our 132 

sequences using Muscle v. 5.1 (Edgar, 2004) in Geneious Prime 2023.2.1 (Kearse et al. 133 
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2012; www.geneious.com). We constructed three different sequence alignment datasets, 134 

namely: (1) a 1748 bp long concatenation of three gene fragments (802 bp of partial 12S-135 

Val-16S, 553 bp of COI, and 393 bp of TYR), including four individual K. inexpectatus, 136 

three K. idiootocus, and the three Kurixalus sampled in Fujian as the ingroup taxa, and two 137 

outgroups (K. cf. bisacculus and T. albopunctatum); (2) a 553 bp long COI fragment 138 

composed of 91 Kurixalus individuals and one T. albopunctatum, which had the greatest 139 

taxonomic coverage of our datasets; and (3) an 802 bp long fragment of 12S-Val-16S 140 

composed of 43 Kurixalus individuals and one T. albopunctatum, which had a balance of 141 

taxonomic coverage and fragment length. 142 

We used Partition Finder v. 2.1.1 (Guindon et al., 2010; Lanfear et al., 2012, 2016) 143 

to determine the best partitioning of the defined subsets, considering a fixed model for non-144 

coding fragments and one for every codon position with respect to the coding fragments. 145 

We selected the models based on corrected Akaike information criterion (AICc) values. All 146 

models were treated as priors and used for further phylogenetic analyses, which were 147 

conducted using Bayesian inference (BI) implemented in MrBayes v. 3.2.4 (Ronquist et al., 148 

2012) and maximum-likelihood (ML) implemented in IQ-Tree (iqtree.cibiv.univie.ac.at; 149 

Chernomor et al., 2016; Trifinopoulos et al., 2016; Hoang et al., 2018). For the BI analysis 150 

for each dataset, four independent runs were conducted, each of which was performed with 151 

MCMC algorithm for 10 million generations. We sampled every 1,000 generations, and 152 

discarded the first 25% of samples as burn-in. To ensure the convergence of all runs, we 153 

ensured that the analyses reached split frequencies below 0.005. For the ML analysis, we 154 

generated consensus trees using 1,000 bootstrap replicates. 155 

Ecological niche models 156 



9 

 

Ecological niche modeling, most commonly implemented using Maxent (Phillips 157 

et al., 2017), relies on occurrence and environmental data to predict suitable areas for 158 

species (Ananjeva et al., 2015; Hou et al., 2023). Such models can be used to guide field 159 

surveys for uncommon species (Rhoden and Peterman, 2017; Sarker et al., 2019; 160 

Entiauspe‐Neto and Dervanoski, 2024) and aid in conservation planning (Kidov and 161 

Litvinchuk, 2021; Shin and Min, 2021). We used Maxent within R v. 4.2.1 to predict what 162 

other areas in eastern Asia may harbor undiscovered populations of Kurixalus related to 163 

those we found in Fujian (Phillips et al., 2017; Rhoden and Peterman, 2017; R Core Team, 164 

2022). As barcoding suggested, the individuals in Fujian were most closely related to K. 165 

inexpectatus, we used occurrence records of K. inexpectatus (Messenger et al., 2022; Li, 166 

2023). However, since three localities is insufficient for accurate species distribution 167 

modeling (van Proosdij et al., 2016), we also opted to include an initial 29,251 records 168 

from GBIF for K. idiootocus (GBIF.org, 2024b), its sister species (Messenger et al., 2022). 169 

We removed the duplicates and thinned the datapoints at a distance of 1 km using the 170 

thinData function of the SDMtune package (Vignali et al., 2020), resulting in 1,585 total 171 

occurrence points for model training.  172 

We defined the area for model construction as a 50 km buffer around the occurrence 173 

records (Hijmans, 2024). We started with the standard 19 bioclimatic variables as climate 174 

data (Fick and Hijmans, 2017) and supplemented them with additional layers for elevation, 175 

slope, and tree cover (Farr et al., 2007; Zanaga et al., 2021) via the geodata package v.0.6.2 176 

(Hijmans et al., 2024), all at a resolution of 30 arc seconds (approx. 1 km2). We used the 177 

built-in GRASS plug-in in QGIS v.3.32.2 (QGIS.org, 2023) to calculate Pearson 178 

correlation coefficients for our environmental variables within the study area and identify 179 
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highly correlated (r > |0.8|) variables (Elith et al., 2011) to remove, though this step is 180 

arguably unnecessary (Feng et al., 2019). The following variables were used for modeling: 181 

Bio 1 (annual mean temperature), Bio 2 (mean diurnal range), Bio 3 (isothermality), Bio 5 182 

(maximum temperature of warmest month), Bio 12 (annual precipitation), Bio 13 183 

(precipitation of wettest month) and Bio 17 (precipitation of driest quarter), as well as 184 

elevation, slope, and tree cover. A total of 10,000 background points were selected from 185 

the study area, with selection weighted using a bias raster file generated from 539,243 186 

records of anurans from GBIF within 115.8° to 125.5 ° latitude and 19.9° to 35.1° longitude 187 

(GBIF.org, 2024a) to reduce spatial bias in the occurrence data set (Kramer-Schadt et al., 188 

2013; Zhu and Qiao, 2016). 189 

Candidate Maxent models were generated using ENMeval (Kass et al., 2021) using 190 

30 combinations of feature classes ("L","LQ","H","LQH","LQHP","LQHPT") and 191 

regularization multipliers (1-5), with data partitioned using ‘checkerboard2’. We selected 192 

the model with the lowest AICc, which balances fit and complexity (Warren and Seifert, 193 

2011), as the best model and projected to southeastern Asia. To evaluate model accuracy, 194 

we calculated the Boyce index and area under the receiver operating characteristic curve 195 

(AUC; Breiner et al., 2015; Liu et al., 2024). 196 

RESULTS 197 

Molecular analyses 198 

Though the BI and ML trees produced some inconsistencies, in all reconstructed 199 

trees the three individuals from Fujian were consistently grouped within a clade of K. 200 

idiootocus and K. inexpectatus (Figs. 3-5). Specifically, phylogenetic trees based on the 201 

three concatenated gene fragments (Fig. 3) and independent 12S-Val-16S (Fig. 4) datasets 202 
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indicated the Fujian individuals formed a monophyletic group with K. inexpectatus 203 

(Bayesian posterior probability (BPP) = 1.00 and 1.00; ML bootstrap: 97% and 83%, 204 

respectively). The tree reconstructed from independent COI fragments (Fig. 5) showed an 205 

unclear resolution of this group, forming polytomies for the Fujian samples, K. idiootocus, 206 

and K. inexpectatus. According to the BI trees, the group of K. idiootocus, K. inexpectatus, 207 

K. raoi, K. lenquanensis, and K. qionglaiensis formed a monophyletic group (BPP = 1.00) 208 

which was sister to a clade of island endemics consisting of K. wangi, K. berylliniris, K. 209 

pollicaris, and K. cf. eiffingeri (BPP = 1.00). The taxonomy for species names following 210 

Frost (2024a) as of July 2024, with unnamed clades following naming from Yu et al. 211 

(2017a). In addition, the remaining Kurixalus samples within the K. odontotarsus species 212 

group formed a strongly supported clade (BPP = 1.00). Samples from Guangxi, Guangdong, 213 

Hainan, and northern Vietnam clustered within the K. odontotarsus species complex but 214 

distinct from both K. bisacculus sensu stricto and K. odontotarsus sensu stricto. Other 215 

undescribed clades (i.e. K. cf. bisacculus Clades F, G, and K) previously identified in the 216 

K. odontotarsus species complex (Yu et al., 2017a) clustered together, but showed unclear 217 

resolution between each other. 218 

Ecological niche models 219 

Out of 30 candidate models, the species distribution model for the combined clade 220 

of K. inexpectatus and K. idiootocus (Fig. 6) with the lowest AICc used LQHPT feature 221 

classes and a regularization multiplier of 1. The AUC value was moderately high (0.80), 222 

while the Boyce index value was very high (0.98). The highly suitable habitat predicted in 223 

Taiwan matched the known distribution of K. idiootocus well, and the model also predicted 224 

broad areas of potentially suitable habitat across mainland Southern China and Vietnam. 225 
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Additional highly suitable areas on the Asian mainland were in northern Vietnam, southern 226 

Guangxi, central Sichuan, and along the coast of Guangdong. 227 

DISCUSSION 228 

Our previously unknown samples from Fujian clustered with K. inexpectatus, 229 

which represents a range extension of over 830 km for the species. A previous analysis 230 

based on only mtDNA proposed that K. inexpectatus be synonymized with K. idiootocus 231 

(Lyu et al., 2024). We acknowledge that the morphological differences between the two 232 

species are minor, and that vocalizations within the genus can vary by context and deserve 233 

to be studied in further detail (Zhu et al., 2017; Deng et al., 2024; Lyu et al., 2024). Our 234 

concatenated tree of 12S-Val-16S, COI, and TYR showed K. idiootocus to be definitively 235 

monophyletic, not paraphyletic with respect to K. inexpectatus as previously suggested 236 

(Lyu et al., 2024), with high BPP (1.00) for the split between the two. Approaches utilizing 237 

more loci and longer fragments are more accurate for species delimitation (Blair and 238 

Bryson, 2017; Hofmann et al., 2019; Chan et al., 2022), and previous calls for 239 

synonymization with K. idiootocus were based on only one mitochondrial fragment from 240 

K. inexpectatus (Lyu et al., 2024). The divergence between K. idiootocus and K. 241 

inexpectatus shown in our concatenated tree is shallow though, and the single gene COI 242 

tree did not show two reciprocally monophyletic lineages in this clade yet did delineate 243 

other known lineages. An integrated taxonomic approach using both morphological 244 

measurements and genome-level molecular data would be helpful to clarify the species 245 

status of K. inexpectatus. At present, we consider K. inexpectatus to be a valid species, 246 

currently known from only northern Zhejiang and southern Fujian (Fig. 2). 247 



13 

 

Geographically, the closest mainland population to the K. inexpectatus found in 248 

Fujian is K. hainanus (Fig. 2), though these two congeners are not closely related. 249 

Populations of K. hainanus in Guangdong, Guangxi, and Hainan, and northeastern Vietnam 250 

have been previously referred to as K. bisacculus and K. odontotarsus (Yu et al., 2017a; Lv 251 

et al., 2018; Mo et al., 2023), but based on the COI tree these individuals form a 252 

monophyletic clade, distinct from both K. bisacculus sensu stricto, which is not found in 253 

China, and K. odontotarsus sensu stricto, whose presence in China is limited to Yunnan 254 

(Yu et al., 2017a). Additional undescribed lineages of the K. odontotarsus species complex 255 

exist in Yunnan and Southeast Asia (Yu et al., 2017a, 2020; Frost, 2024b), and significant 256 

further work remains to be done in the genus, such as regarding the status of K. pollicaris 257 

and K. cf. eifffingeri (Dufresnes and Litvinchuk, 2022). Though it is unknown if K. 258 

inexpectatus and K. hainanus overlap in distribution, they can be easily distinguished by 259 

the presence (K. inexpectatus and K. idiootocus) or absence (K. hainanus) of paired 260 

symmetric dark blotches on the chest (Zhao et al., 2005; Zeng et al., 2021; Messenger et 261 

al., 2022). 262 

The results of our modeling indicated broad areas of potentially suitable habitat 263 

throughout mainland Southern China for the combined clade of K. inexpectatus and K. 264 

idiootocus (Fig. 6). However, it is highly unlikely that K. inexpectatus occurs continuously 265 

from northern Zhejiang to southern Fujian, especially given the small range of K. 266 

inexpectatus and the other mainland species in the clade (K. qionglaiensis, K. raoi, and K. 267 

lenquanensis) and the impact of continued habitat degradation (Pan et al., 2019; Li et al., 268 

2024; Pang et al., 2024). Nevertheless, the existence of additional undocumented 269 

populations is possible, particularly in the regions immediately surrounding the two known 270 
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localities of K. inexpectatus, though surveys near the type locality of the species did not 271 

detect it (Kohler et al., 2024). The species has not been evaluated by the IUCN Red List of 272 

Threatened Species and estimates of population trends in both known populations of K. 273 

inexpectatus are lacking, however, the suitable habitat is decreasing at both localities 274 

because of bamboo plantation and the development of infrastructures for tourism 275 

(Messenger et al., 2022). Therefore, given the very low extent of occurrence of the species 276 

(c. 175 km2) we recommend the species to be listed as endangered under the criteria B1 as 277 

the species is present at less than five location (B1a) and there is an observed continuing 278 

decline in the quality of the habitat (B1b(iii); IUCN Standards and Petitions Committee, 279 

2024). While habitat loss is the main threat to the species, climate change, pollution are 280 

likely to also threaten the species (Luedtke et al., 2023). Interestingly, the highly suitable 281 

area forecasted by our model in central Sichuan is actually occupied by the next most 282 

closely related species, K. qionglaiensis (Hou et al., 2021; Guo et al., 2022). Similarly, the 283 

highly suitable area in southern Guangxi and northern Vietnam is occupied by another 284 

congener, K. hainanus. Based on our modeling results and the currently known range of K. 285 

inexpectatus, we anticipate two of the more promising areas to search for undiscovered 286 

populations to be: (1) near the northern coast of Guangdong; and (2) the northern Wuyi 287 

Mountains, Fujian, which is one of the recently identified hotspots of amphibian 288 

biodiversity in China (Xu et al., 2024). In addition to our model of broad habitat suitability, 289 

future search efforts should also take into account microhabitat and possible breeding 290 

conditions conducive to Rhacophorids (Lin and Kam, 2008; Madhushanka and 291 

Manamendra-Arachchi, 2021). We are optimistic that additional populations of Kurixalus 292 
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in mainland China can be discovered with additional searching, as has been the case for 293 

other Maxent-guided field efforts (Rhoden, Peterman, and Taylor, 2017; Sarker et al., 2019).  294 
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FIGURES 567 

Fig. 1. Kurixalus inexpectatus from Fujian. Lateral (a) and dorsal (b) views of the 568 

Kurixalus found in southern Fujian. These individuals were found in a montane wetland 569 

composed mainly of the plant species Lepidosperma chinense, Dicranopteris pedate, and 570 

Miscanthus floridulus (c). Photos by Zhenqi Wang. 571 
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Fig. 2. Sampling locations and distribution of Kurixalus in Eastern Asia. Species names 573 

given following Frost (2024) for described species and Yu et al. (2017a) for clades that 574 

remain undescribed. Sampling included all known lineages of Kurixalus in mainland 575 

Southern China; coverage for the genus in Indochina is not comprehensive. Base map from 576 

World Terrain Base by Esri 577 

(https://server.arcgisonline.com/ArcGIS/rest/services/World_Terrain_Base/MapServer) 578 

and elevation layer from Fick and Hijmans (2017). Colors of species dots correspond to 579 

phylogenetic trees. 580 
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Fig. 3. Phylogenetic tree of Kurixalus based on concatenated genetic sequences. Bayesian 582 

Inference tree from 1748 bp concatenation of three gene fragments (802 bp of 12S-Val-16S, 583 

553 bp of COI, and 393 bp of TYR) with no missing data from the focal clade including K. 584 

inexpectatus and K. idiootocus, with one sample of Theloderma albopunctatum and one of 585 

K. cf bisacculus Clade K as designated by Yu et al. (2017a). Here, K. inexpectatus and the 586 

Fujian Kurixalus samples (24KuriC001-3; marked with asterisks) formed a monophyletic 587 

group sister to K. idiootocus. Species clade colors correspond to those in the sampling 588 

presented in Fig. 2. 589 
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Fig. 4. Phylogenetic tree of Kurixalus based on the 12S-Val-16S gene fragment. Bayesian 591 

Inference tree based on 809 bp alignment of 12S-Val-16S from 43 Kurixalus individuals 592 

and Theloderma albopunctatum as the outgroup. The three Kurixalus from Fujian are 593 

marked with asterisks. Bayesian posterior probabilities are given, as are Maximum 594 

Likelihood bootstrap values exceeding 70%. Species clade colors correspond to the 595 

sampling map in Fig. 2. 596 

  597 



32 

 

Fig. 5. Phylogenetic tree of Kurixalus based on the COI gene fragment. Bayesian Inference 598 

tree based on a 553 bp COI alignment from 91 Kurixalus individuals, with Theloderma 599 

albopunctatum as the outgroup. This phylogenetic tree had the broadest taxonomic 600 

coverage of our datasets, but did not resolve the relationships within the clade containing 601 

the Fujian Kurixalus samples (24KuriC001-3; marked with asterisks), K. inexpectatus, and 602 

K. idiootocus. Bayesian posterior probabilities are given, as are Maximum Likelihood 603 

bootstrap values exceeding 70%. Several lineages within the K. odontotarsus species 604 

complex in Southeast Asia remain unnamed, with clades G, K and F following the naming 605 

scheme of Yu et al. (2017a). Species clade colors correspond to those in the sampling map 606 

presented in Fig. 2. 607 

 608 
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Fig. 6. Model projection for K. inexpectatus and K. idiootocus. The Maxent output from 610 

our best model for the clade of K. inexpectatus and K. idiootocus, with increasingly dark 611 

orange indicating better areas of predicted climatic suitability. Currently, K. inexpectatus 612 

is known only from the two marked areas, while K. idiootocus is found throughout much 613 

of Taiwan Island. Basemap from World Terrain Base by Esri 614 

(https://server.arcgisonline.com/ArcGIS/rest/services/World_Terrain_Base/MapServer). 615 
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