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is I: 3+3/III: 1+1 (Figure 8C). The papillae on the mouth angles 
around upper labium (the anterior corner of the mouth) and 
lower labium is in one row, with some additional tubercles at 
the angles of the mouth (Figure 8C).
Comparisons  Within the R. chensinensis species group, R. 
taihangensis sp. nov. differs from R. kukunoris by having 
smaller size (in R. taihangensis sp. nov., males SVL mean 44.9 

mm, females mean 47.0 mm; in R. kukunoris, males SVL mean  
56.3 mm, females mean 61.9 mm), longer hindlimbs 171% of 
SVL (versus 160% of SVL), tibio-tarsal articulation reaching 
to the anterior corner of eyes when leg stretched forward 
(versus tibio-tarsal articulation reaching to tympanum when 
leg stretched forward), relative finger lengths: III>IV>I>II 
(versus III>I>IV>II), two distinct nuptial pads with an obvious 
gap (versus four nuptial pads with a narrow gap) (Figure 9A), 
dorsal skin smooth (versus rough dorsum). The new species 
differs from R. chensinensis by having two distinct nuptial pads 
(versus four nuptial pads) (Figure 9B), hindlimbs 170% of SVL 
(versus 185% of SVL), head length 33% of SVL (versus 34% of 
SVL), lower arm diameter 8% of SVL (versus 9% of SVL), tibio-
tarsal articulation reaching to the anterior corner of eyes when 
leg stretched forward (versus tibio-tarsal articulation reaching 
to nostrils or beyond tip of snout when leg stretched forward), 
toes two-thirds webbed (versus toes one half webbed). The new 
species differs from R. huanrenensis by having internal subgular 
vocal sacs (versus absent), the anterior edges of vomerine teeth 
in line with the center of the choanae (versus the vomerine 
teeth located behind the posterior level of the choanae), having 
two distinct nuptial pads (versus four nuptial pads) (Figure 9C), 
heels overlapping when limbs are held at right angles to body 
axis (versus heels just meeting when the limbs are folded at 
right angle to the body), foot length longer than tibia length 
(versus foot length shorter than tibia length), toes two-thirds 
webbed (versus toes nearly fully webbed). The new species 
differs from The new species differs from R. dybowskii by 
having smaller body size (in R. taihangensis sp. nov., males SVL 
mean 44.9 mm, females mean 47.0 mm; in R. dybowskii, males 
SVL mean 62.6mm, females mean 67.1 mm), the tympanum 
diameter shorter than half of the eye diameter (TD/ED = 0.47) 
(versus the tympanum diameter larger than half of the eye 
diameter), hindlimbs 171% of SVL (versus 175% of SVL), tibio-
tarsal articulation reaching to the anterior corner of eyes when 
leg stretched forward (versus tibio-tarsal articulation reaching 
to the anterior corner of eyes or nostrils when leg stretched 
forward), having two distinct nuptial pads with an obvious gap 
(versus four nuptial pads with a narrow gap) (Figure 9D), toes 
two-thirds webbed (versus toes nearly fully webbed). The new 
species differs from R. huanrenensis by having internal subgular 
vocal sacs (versus absent), the anterior edges of vomerine teeth 
in line with the center of the choanae (versus the vomerine 
teeth located behind the posterior level of the choanae), heels 
overlapping when limbs are held at right angles to body axis 
(versus heels just meeting when the limbs are folded at right 
angle to the body), foot length longer than tibia length (versus 
foot length shorter than tibia length), toes two-thirds webbed 
(versus toes nearly fully webbed).

Figure 7  Typical habitat of R. taihangensis sp. nov. in Huixian 
City, Henan Province, China.

Figure 8  Tadpole of Rana taihangensis sp. nov. Lateral (A) and 
dorsal (B) views of a Gosner stage 35 individual in life. C: The 
structure of the mouth of a Gosner stage 40 individual in life. 
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4. Discussion

Because of the phenotypic plasticity and local morphological 
adaptations to the similar ha bitats, cryptic species are 
common in amphibians (Chen et al., 2020; Shen et al., 2020; 
Stuart et al., 2006). Recently, the integrative taxonomy of 
morphological comparisons and molecular analyses facilitated 
the identification of many cryptic amphibian species (Che et al., 
2020; Shen et al., 2020; Shi et al., 2020; Shi et al., 2021; Wang et al., 
2020). Phylogenetic and biogeographic analyses suggested the 
existence of cryptic species in the R. chensinensis species group 
(Zhou et al., 2012). In this study, through extensive sampling, 
two robust monophyletic subclades—subclade C and T—were 
revealed for the samples from the Taihang Mountains based 
on the phylogenetic analysis (BPP = 1.00). Subclade C included 
the haplotypes from the southwest of the Taihang Mountains 
(locality 15), the east Qinling Mountains (localities 16–17), and 
the haplotype of R. chensinensis from the type locality—the 
middle Qinling Mountains in Shaanxi Province. The pairwise 
divergence within subclade C was lower (0.2%), and based 
on the aforementioned evidence, subclade C should be R. 
chensinensis sensu stricto. 

The highly supported subclade T comprised the haplotypes 
from the majority area of the Taihang Mountains (localities 
1–14), and it has a close affinity with R. kukunoris (BPP = 1.00). 
The pairwise distance between subclade T and R. kukunoris 
(4.8%) is obviously higher than the divergence threshold of 

3% for identifying amphibian cryptic species based on the 
standard mitochondrial barcoding marker (Chen et al., 2020). 
In addition, morphological differentiation confirmed the 
phylogenetic results, and both supported the validity of a new 
species (R. taihangensis sp. nov.) in the R. chensinensis species 
group. According to the sampling sites and the phylogenetic 
relationship between our study and that of Zhou et al. (2012), 
the new species (i.e., R. taihangensis sp. nov.) revealed in this 
study corresponds to the Clade L in the phylogenetic tree of 
the R. chensinensis species group in Zhou et al. (2012). Hence, 
we proposed that the populations formerly recorded as R. 
chensinensis in Beijing City, Hebei Province, and the southeastern 
Taihang Mountains of Henan Province (localities 1–14) should 
be revised to R. taihangensis sp. nov., whereas the populations of 
the southwestern Taihang Mountains (locality 15), Xiaoqinling 
Mountains, and Funiu Mountains in Henan Province (localities 
16–17, the eastern foothills of the Qinling Mountains) remain R. 
chensinensis sensu stricto. 

Numerous phylogeographic studies have demonstrated 
that mountain ranges may generate geographic barriers and 
contribute to the speciation (Wang et al., 2016; Wiens et al., 
2019; Xu et al., 2018; Yan et al., 2010). The dramatic uplift of the 
plateau and the associated climatic change of eastern Asia 
are considered as the major drivers of vicariant speciation 
for many organisms (Che et al., 2010; Wang et al., 2016; Wu 
et al., 2020). With the uplift of the Qinghai-Tibetan plateau 
(QTP), a cold and arid climate developed in the northeastern 

Figure 9  Male nuptial pads of R. kukunoris (QZ817) from Shiqu County, Sichuan Province, China (A), R. chensinensis (HNNU1604III002) 
from Xiaoqinling Mountain in Henan Province, China (B), R. huanrensis (39702) from Hulunbuir City, Inner Mongolia Autonomous 
Region, China (C), and R. dybowskii (94352) from Benxi City, Liaoning Province, China (D). More voucher information  is presented in 
Supplementary Table S1.
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QTP, and the three-stepped terra in formed in China. 
Furthermore, the uplifting of the Qinling Mountains formed 
the biogeographic boundary between southern and northern 
China (Rost 1994; Webb and Bartlein, 1992; Wu et al., 2020; 
Zhou et al., 2012). The diversification of R. taihangensis sp. nov., 
R. chensinensis, and R. kukunoris also indicated the effect of long-
term geographic isolation and ecological divergence between 
species because of the orogeny of the QTP. The geographic 
distributions of R. taihangensis sp. nov., R. chensinensis and R. 
kukunoris are primarily located in the Taihang Mountains, 
Qinling Mountains and the eastern edge of QTP boundaries, 
respectively, suggesting the role of mountain edges as a potential 
geographic barrier for their dispersal and divergence. 

In addition, the riverine barrier hypothesis (reviewed in 
Chen et al., 2020) might explain the distribution patterns and 
genetic variation of R. taihangensis sp. nov. and R. chensinensis. 
In the southern Taihang Mountains, the distributions of R. 
chensinensis sensu stricto and R. taihangensis sp. nov. were 
separated by drainage. The populations of R. chensinensis sensu 
stricto are only distributed in the Yellow River Basin, whereas 
all the populations of R. taihangensis sp. nov. are located within 
the Haihe River system (Figure 1). The role of rivers in shaping 
the range boundaries and genetic structure of species has been 
investigated in a range of amphibian species (Chen et al., 2020; 
Li et al., 2009; Nowakowski et al., 2015; Wang et al., 2015; Yan et 
al., 2013; Zhang et al., 2010). Regarding the R. chensinensis group, 
barriers to gene flow produced by the complex topography 
of mountains and/or river systems might contribute to the 
high level of species diversity in northern and central China. In 
addition, considering the gene flow previously revealed between 
R. chensinensis and R. kukunoris (Qi et al., 2014; Zhou et al., 2012), 
it is also possible that gene exchange may occur during or after 
the speciation of the new species, particularly in populations 
at the periphery of its distribution range, which is a common 
mechanism underlying divergence (Smadja and Butlin, 2011). 
Further studies should be conducted to determine the detailed 
roles of the mountain ridges, river systems and gene flow in the 
diversification and distribution of the Rana species. 
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