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Behind the mountains and over the sea: the Changbai Mountain Range provided
Rana coreana with a Chinese residence permit all along
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ABSTRACT

The Changbai Mountain Range is generally perceived as a barrier to amphibian distribution, but it
might not be playing this role anymore. Rana coreana was first described as a Korean endemic
species, split from Rana amurensis, which ranges at more northern latitude. The species was
then found on the Shandong peninsula in China, where it was first described as Rana
kunyuensis, before being synonymised with R. coreana. So far, the contact zone with
R. amurensis was expected to be in the vicinity of Pyongyang in DPR Korea, west of the Baekdu
Mountain Range. However, the species is known from a population further north, and during
surveys in Dalian in Liaoning Province, China, we found R. coreana on the southern slopes of
the Laoling Mountain Range facing the Yellow Sea. Our phylogenetic analyses based on
mitochondrial ribosomal markers showed the individual to cluster with R. coreana samples from
the Korean Peninsula. In addition, our ecological niche models showed the presence of suitable
habitats outside of the known range of the species, deserving further investigation. The habitat
of the species at this new locality is similar to the one known in the three range nations, and
highlights the need for more surveys in northeast China as the barrier formed by the Changbai
Range is more porous than originally expected.
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Introduction
Borzée et al. 2017; Pelophylax chosenicus, Borzée et al.

The Korean Peninsula is often considered a functional
island for animal species due to its isolation by seas on
the East, South, and West, and by the Changbai Moun-
tain Range to the north (Fu and Wen 2023). In the
context of biogeography, this isolation has been
reinforced by geological events, primarily the orogenesis
of the mountain chain (Yang et al. 2017), but also the
permafrost line roughly reaching the same latitude
during ice ages (Yi and Kim 2010; Aizawa et al. 2012;
Kim et al. 2013), and the variation in sea level around
the peninsula (Li et al. 2014). As a result, many species
are indeed endemic to the Korean peninsula (Nam
et al. 2018; Yoon et al. 2018; Chung et al. 2023).

For amphibians, many species have a distribution
pattern following the Baedudaegan Massif, ranging lati-
tudinally along the peninsula (Borzée 2024). Some
species are restricted to the lowlands between the high-
lands and the coastal area (e.g. Dryophytes suweonensis,

2024), while others are restricted to higher elevations
(e.g. Bufo stejnegeri, Fong et al. 2020; Onychodactylus kor-
eanus, Borzée et al. 2022) and others are present in most
of the suitable areas along the range (e.g. Pelophylax
nigromaculatus; Komaki et al. 2015). However, most
species range out of the Korean Peninsula, and the
Changbai Mountain does not reflect its presence into
genetic divergence (e.g. Dryophytes japonicus; Dufresnes
et al. 2016), or is ever straddled by species (e.g. Onycho-
dactylus zhangyapingi, Peng et al. 2023). However, it is
fair to highlight the past impact of the mountain range
on speciation patterns in species such as Bombina orien-
talis (Fong et al. 2016), and Rana dybowskii and Rana
uenoi (Yang et al. 2017). Finally, some species that
were thought to be endemic to the Korean Peninsula
have later been found to be also occurring in Liaoning
in the People’s Republic of China (hereafter China; e.g.
P. chosenicus; Borzée et al. 2024).
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Here we focus on the Korean Brown Frog, Rana coreana,
a species thought to be restricted to the Korean Peninsula
and to the Shandong Peninsula in China until 2022 (Zhou
et al. 2022). The species was described in 2006 (Song et al.
2006), and although the type locality is unclear and is only
presumed to be in Songdo in Incheon, or in Seungnam in
Suweon, both in the Republic of Korea (Okada 1928). The
species diverged from Rana amurensis about 10 million
years ago (Zhou et al. 2017), and the population first
described as Rana kunyuensis on the Shandong Peninsula
was later synonymised with R. coreana (Zhou et al. 2015).
The species is common, although not continuously distrib-
uted in the Republic of Korea (hereafter R Korea), and it is
not present on Jeju and other islands (Borzée 2024). It is
confirmed northwards up to Pyongyang latitude in the
Democratic People’s Republic of Korea (hereafter DPR
Korea; Borzée et al. 2021) and in Shenyang, Liaoning, in
the People’s Republic of China (hereafter China; Zhou
et al. 2022). This manuscript highlights the presence of
numerous adequate landscapes further north than tra-
ditionally accepted, and the absence of apparent barriers
to genetic exchange between the Korean and Liaoning
populations.

Materials and methods
Field surveys

We surveyed the area between Dandong and Dalian on
15 June 2024 through rapid assessments using call
surveys, following the protocol from Borzée and Jang
(2015) and Borzée et al. (2017). The sites were selected
along the lowlands south of the Laoling Mountain
Range of the Liaodong Peninsula in Liaoning, facing
the Yellow Sea to detect the presence of P. chosenicus.
Each survey point consisted of a minimum of five
minutes listening to the calls of amphibians in the area.

Field identification

Upon encountering a Rana roadkill (Figure 1) between
two pre-selected sites, the body was photographed
and stored in 99% alcohol for further analyses. To ident-
ify the species based on morphology, we followed the
identification criteria from Borzée (2024), focusing on
the presence of a continuous white strip on the totality
of the upper lip and red smooth spots on the ventral and
lateral sides, a criteria valid during the breeding season
(Borzée et al. 2023).

Phylogenetic analysis

We extracted the tissue from the right leg of the individ-
ual, dried it to remove any alcohol left from preservation,

Figure 1. Individual R. coreana found in Dalian (39.518369°N,
122.339219°E) on 15 July 2024. The species can be identified
through the characteristic un-interrupted white stripe covering
the totality of the upper lip, supported by the half-webbed
toes. The individual had been victim of a collision with a car
before encounter.

and extracted DNA using the DNAeasy Blood and Tissue
Kit (Qiagen Pvt. Ltd, Hilden, Germany), using the proto-
cols provided by the manufacturer. The Polymerase
Chain Reaction (PCR) amplification was performed
by Tsingke Co., Ltd., Wuhan, People’s Republic of China
to obtain the 410-bp long 12S rRNA gene fragment
(primers: FSO1-RANA12SF-AACGCTAAGATGAACCC-
TAAAAAGTTCT and R16-RANA12SR-ATAGTGGGGTATC-
TAATCCCAGTTTGTTTT) and the 550-bp long 16S rRNA
gene fragment (primers: F51-RANA16S-CCCGCCTGTTTAC-
CAAAAACA and R51-RANA16S-GGTCTGAACTCAGAT-
CACGTA; Sumida et al. 2002), followed by Sanger
sequencing of both strands. The sequences generated
by this study, for both 12S rRNA and 16S rRNA gene frag-
ments were deposited to Genbank under accession
numbers PQ032572 and PQ008571, respectively.

To identify the species through phylogenetic ana-
lyses, we first trimmed and complemented the raw
sequences of the individual for both the 12S rRNA
and 16S rRNA gene fragments using the Geneious
Alignment tool in Geneious Prime v. 2023.2.1 (Kearse
et al. 2012). Independently, we aligned the sequences
of each gene fragment with the homologous
sequences available in Genbank (https://www.ncbi.
nlm.nih.gov/genbank/). We then concatenated the
sequence alignments of the two gene fragments
using Geneious Prime v. 2023.2.1. The final concate-
nated alignment included 89 taxa (815 bp), among
which six related Rana species from northeast Asia as
ingroup: R. amurensis, R. coreana, R. dybowskii,
R. huanrenensis, and R. taihangensis. Additionally, we
added R. zhenhaiensis (n=3) as outgroup (details in
Table S1). Prior the reconstruction of the phylogeny,
we identified the best-fit partitioning scheme and sub-
stitution models for the concatenated 12S rRNA and
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16S rRNA dataset using Partition Finder v.2.1.1 (Lanfear
et al. 2012). As both fragments were non-coding RNA,
we obtained K80+l as the best substitution model for
both subsets of partition. We then integrated the infor-
mation for the best substitution model in our concate-
nated alignment dataset (.Nexus) to reconstruct the
Bayesian phylogenetic tree in Mr. Bayes v. 3.2.7 (Ron-
quist et al. 2012). We ran the analysis using the
Monte Carlo Markov Chain (MCMC) algorithm, with 4
chains, 10,000,000 iterations, and a burn-in of 1000.
To ensure the convergence and robustness of the phy-
logenetic analysis, we optimised the value of split fre-
quencies (<0.05), the parameter space and the
pattern of randomness of the MrBayes at the end of
its run.

Ecological niche models

Finally, we used ecological niche models to determine
other areas where the species might be present. The
data used for this analysis originated from GBIF (DOI:
http://10.15468/DL.XTTPF9, accessed 9 July 2023) and
from the literature for datapoints in DPR Korea
(Borzée et al. 2021), along with the new datapoint col-
lected here (details in Table S2). When filtering GBIF
data, we removed all data without coordinates and
duplicates. To reduce the sampling bias, we thinned
occurrence points within 4 km distance using spThin
package (Aiello-Lammens et al. 2015) and using the
bias files created by the MASS package (Venables and
Ripley 2002) in R version 4.2.1 (R Core Team 2024).
We decided to rely on the 19 bioclimatic variables
(Worldclim 2.1; Fick and Hijmans 2017) and elevation
(2.5 arc-minute resolution) only, after the removal of
highly correlated variables (Pearson’s r>0.8; Bradie
and Leung 2017), as very little has been published on
the ecological preferences of the species for both the
Korean Peninsula and China, and pre-selecting vari-
ables based on the literature would likely bias the
models towards either of the populations. We retained
six variables for the final models: annual mean temp-
erature (bio 1), isothermality (x100; bio 3), temperature
annual range (bio 7), annual precipitation (bio 12), pre-
cipitation seasonality (coefficient of variation; bio 15),
and elevation. We ran MaxEnt version 3.4.4 (Elith
et al. 2011; Phillips et al. 2017) with default setting
(Phillips and Dudik 2008) and used the cross-validate
run type option with ten replicates. For the model
evaluation, we calculated the area under the curve
(AUCQ) and the true skill statistic (TSS; Allouche et al.
2006; Somodi et al. 2017). To visualise the potential
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suitable habitat, we used ArcGIS pro 3.3.0 (ESRI, Red-
lands, CA, USA).

Results
Field identification

The individual we collected in Dalian, China, (Voucher ID:
24RcC001: 39.518369°N, 122.339219°E; Figure 2) on 15
July 2024 had a white uninterrupted stripe covering
the totality of the upper lip, but did not have red spots
on either of the ventral or lateral sides. It did not show
prominent dorsolateral stripes either, a morphological
cue that does not seem valid in the northern part of
the range of the species (Song et al. 2006; Wang et al.
2017). In addition, the individual had half-webbed
toes, another criterion matching with R. coreana (Song
et al. 2006; Zhao et al. 2017; Othman et al. 2022).

The new site is 330 km west from the closest known
site in DPR Korea and 240 km south of the site known
in China. There are no barriers to the dispersion of the
species between these sites. The habitat between
these sites, and along the western coast of the Korean
Peninsula and in Liaoning, China, is characterised by
lowland riparian wetlands transformed into rice
paddies in their large majority, backed by low-elevation
hills covered by chestnut-dominated broadleaved
forests, where the species is majorly present around
120 m above sea level (Andersen et al. 2022).

Molecular analyses

The phylogenetic tree (Figure 2) showed that the
sample collected from Dalian clustered with the
R. coreana clade (Bayesian posterior probability
[BPP] of 100%). The individual specifically clustered
with R. coreana individuals originating from both the
Korean and Shandon Peninsulas with a BPP of 81%.

Ecological niche models

The model was supported by AUC values greater than 0.7
and TSS values greater than 0.5, an adequately fitting set
of value (Phillips et al. 2006). The variables contributing
the most to the distribution of R. coreana was elevation
for both the percentage of contribution (30.3%) and the
permutation importance (57.1%; Table 1). The habitat
suitability results were thresholded using the maximum
training sensitivity plus specificity (MTSS) value, equal to
0.63, to classify the MaxEnt output raster files into suitable
and unsuitable habitats (Figure 3).
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Figure 2. Phylogenetic tree for the identification of the Rana individual sampled in Dalian, China, using 12S rRNA and 16S rRNA gene
fragments (815 bp). We included 86 individuals as ingroup, originating from congeneric Rana species distributed across northeast
Asia. We used three R. zhenhaiensis individuals from Nanjing as outgroup. The numbers indicated on each node represent the per-
centage of Bayesian Posterior Probability (BPP) support for each clade. The focal individual clusters within the clade containing

R. coreana from the Korean and Shandong Peninsulas.

Table 1. Variable per cent contribution and permutation

importance from selected MaxEnt habitat suitability model for

R. coreana based on the six variables retained for the model.
Per cent

Permutation

Variables contribution importance
Elevation 30.3 57.1
Annual precipitation (bio 12) 27.1 32
Precipitation seasonality 21.1 2.2
(coefficient of variation; bio 15)

Temperature annual range (bio 7) 13.3 0
Isothermality (x100; bio 3) 7.7 8.7
Annual mean temperature (bio 1) 0.5 0

As expected, all points from GBIF fell within the areas
with the highest habitat suitability for R. coreana. Gen-
erally, the suitable habitat for the species is clustered
around the Yellow Sea, especially in low coastal
plains, reaching the edge of the Songliao plains in the
north, and the southern edge of the Shandong Penin-
sula to the south (Figure 3). Our model also predicts
suitable habitat in Jiangsu and along the eastern
coast of the Korean Peninsula, where the species has
not been found.
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Figure 3. Suitable habitat for R. coreana around the Yellow Sea, highlighting the potential for unknown populations at the southern
tip of Liaoning, along the Laoliang Mountain Range (deep red). The new locality in Dallian is 330 km west of the closest known locality

in DPR Korea.

Discussion

This first record of R. coreana in Dalian, Liaoning, China,
highlights not only a broader-than-expected and better-
connected range for the species, but also the need for
further surveys for all amphibian species potentially
present in the area. This is not unexpected in view of
the known locality in Shenyang (Zhou et al. 2022), and
based on the literature as this area is in need of amphi-
bian conservation research (Button and Borzée 2021),
which includes field surveys (Borzée 2023). In fact, this
is the second species which was expected not to range
into China from the Korean Peninsula, but is found
further north at low elevation in Liaoning (e.g. P. chose-
nicus; Borzée et al. 2024). However, we caution against
surveying all the suitable habitat highlighted by our
model as the species is not present in some areas,
likely due to competitive exclusion (Anderson et al.
2002). Namely, these areas are in lJiangsu, where
R. coreana would likely be competing with Rana zhen-
haiensis, and along the northern coast of the Korean

Peninsula and Eastern Russia, where it would likely
compete with R. amurensis.

This finding further raises questions about the current
impact of the Changbai Mountain Range as a barrier to
dispersion northward of the Korean Peninsula. While it
is true that the highest mountain reaches 2744 m of
elevation, and R. coreana could have reached northern
localities before the orogenesis of the mountain chain
(Wang et al. 2003; Liu et al. 2015), the low plains on
the west of the peninsula connect with that south of
the Laoling Mountain Range in Liaoning, and allow for
continued exchange among populations. In addition,
the Yellow Sea was only a paleoriver-bed 21,000 years
ago (Ryu et al. 2008), and while of comparatively large
proportion and preventing some geneflow (Borzée
et al. 2020), the plains that are now tidal flats were
exposed and allowing further connectivity along the
Peninsula and the land further north.

For R. coreana, the discovery of this population means
that the species has a much broader and better-
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connected range than originally described, and is there-
fore less threatened than currently assessed (IUCN SSC
Amphibian Specialist Group 2022). This is not the result
of a decrease in threats, but because of its presence
across an area that is less developed and urbanised
than the once-thought ‘core’ population in R Korea
(Borzée 2024). It, however, raises questions about the val-
idity of the finding of Kim and Han (2009) and Borzée et al.
(2021), which states that the species only reaches Pyeon-
gyang’s latitude in DPR Korea, and that R. amurensis is
present further north. It however reinforces the idea
that Korean species are indeed in need of reinvigorated
conservation research (Borzée et al. 2019), especially in
view of threats due to climate change (Jung et al. 2024).
Surveys in the Laoling Mountain Range in Liaoning
have failed to detect R. amurensis, and it is therefore poss-
ible that a misidentification of the species in past-surveys,
mistakenly quoted in recent work, restricted the distri-
bution of R. coreana further south than it really ranges,
while R. amurensis is present from further north only. As
a result, this publication sparks curiosity about the distri-
bution of the species in northeast China, but also that of
all amphibians and other species.
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