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ABSTRACT

The effects of ice ages on speciation have been well documented for many European
and North American taxa. In contrast, very few studies have addressed the
consequences of such environmental and topographical changes in North East Asian
species. More precisely, the Korean Peninsula offers a unique model to assess
patterns and processes of speciation as it hosts the northern- and eastern-most
distribution limit of some widespread Asian taxa. Despite this, studies addressing
phylogeographic patterns and population genetics in the peninsula and surrounding
countries are few and studies for most families are lacking. Here we inferred the
phylogenetic relationships of the common toad (Bufo gargarizans) from South Korea
and their North East Asian counterpart populations, based on mitochondrial data.
Korean B. gargarizans GenBank BLASTs matched few individuals from nearby
China, but the presence of a Korean clade suggests isolation on the Korean
Peninsula, previous to the last glacial maximum, linked to sea level resurgence.
Molecular clock calibrations within this group were used to date the divergence
between clades and their relationship to paleo-climatic events in the area. Lack of
genetic structure among South Korean populations and strong homogeneity
between the Korean and some Chinese localities suggest weak isolation and recent
expansion. Geographical projection of continuous coalescent maximum-clade-
credibility trees shows an original Chinese expansion towards the Korean Peninsula
through the Yellow Sea circa two million years ago with colonisation events dating
circa 800 thousand years ago (K. y. a.). Following this colonisation, the data point to
outgoing Korean Peninsula dispersal events throughout different periods, towards
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the North through land, and West through land bridge formations over the
Yellow Sea during sea level falls. In accordance, demographic analyses revealed a
population expansion in the Koran Peninsula circa 300 K. y. a., likely attributed to
glacial cycle fluctuations.

Subjects Biodiversity, Biogeography, Zoology
Keywords Phylogeography, Bufo gargarizans, Korea, Asia, China, Common Asian toad, Ice ages

INTRODUCTION

Populations contract and expand throughout periods of glacial maxima and minima,
respectively. Such harsh environmental fluctuations result in specific speciation events,
and have been well documented across Europe (Hewitt, 2000; Veith, Kosuch ¢ Vences,
2003; Avise, 2007) and North America (Knowles, 2001). Specifically, the last glacial
maximum (LGM) in Europe resulted in speciation patterns following the isolation of
populations on southern peninsulas, which were then used as refugia from colder and
dryer conditions. Such an example is the Hyla arborea complex (Stick et al., 2008, 2012).
In contrast, evolutionary responses to climate fluctuations have been poorly studied

in North East Asia, defined as the region north of the Yangtze River and limited
around 100° West, due to the paleo-geographic coherence and the same monsoon climate
regime of the region. However, studies suggests that rather than isolating populations
throughout the LGM, they seem to have aided connectivity at different times by the
drainage of the Yellow Sea resulting in land-bridge formations between the mainland, the
current Korean Peninsula and the Japanese archipelago (Fairbanks, 1989; Park, Khim &
Zhao, 1994; Kim ¢ Kennett, 1998; Ijiri et al., 2005). The inter-glacial periods resulted in
island discontinuity, due to sea level resurgence. Several hypothesis have been tested
(see Kim et al., 2013), in relation to the potential for several refugia, the connectivity
of the Korean Peninsula and the Asian mainland through land bridges, and the presence
of ice sheets during the glacial oscillations. It seems certain that several refugia were
present in North East Asia (Aizawa, Kim ¢ Yoshimaru, 2012) during glacial or
interglacial periods.

The Bufo genus (sensu stricto) is composed of two groups, the European—African—
Western Asian group: ‘Bufo bufo group’ and the Eastern Asian ‘Bufo gargarizans group’
(Garcia-Porta et al., 2012). The B. gargarizans group ranges from Japan to south-western
China and northern Vietnam, through south eastern Russia (Garcia-Porta et al., 2012),
and includes the species B. gargarizans, Bufo bankorensis and Bufo japonicus. The species
with the largest range, the Asian toad (B. gargarizans), ranges from Japan to China
(Kuzmin et al., 2004) as a single species despite multiple contested lineages (Liu ef al.,
2000; Zhan & Fu, 2011), and east-west genetic dispersion patterns (Fu et al., 2005).

The low genetic divergence throughout its range is likely a result of a lack of an isolated
insular refugium (Zhan & Fu, 2011; Yan et al., 2013). Another factor to the genetic
homogeneity of the species is the absence of mountain chains high enough to act as
barriers within the species range. Instead, the Himalayan range, bordering the southern
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edge of the Tibetan plateau, sets a southern edge to the distribution of the species ( Yan
et al., 2013). Other studies however, focusing on North East Asian mainland B. gargarizans
populations, show a contrasting picture with some species showing genetic isolation, such
as isolated peninsular or insular populations. This is demonstrated through the
dichotomy between B. gargarizans and B. bankorensis, with the first species on the
mainland and the latter in Taiwan (Chen et al., 2013; Yu, Lin ¢ Weng, 2014). Coastal
North East Asia was potentially composed of several refugia during either glacial or
interglacial periods, thus reducing gene flow connectivity, even for good dispersers such as
raccoon dogs (Kim et al., 2013). The Korean Peninsula was not covered by glaciers, but it
was colder and drier during glacial periods (Korng, 2000; Yi ¢ Kim, 2010). It was also a
refugium during the late Pleistocene, as exemplified for Pelophylax nigromaculatus
(Zhang et al., 2008) and Onychodactylus fischeri (Yoshikawa et al., 2008). Moreover, the
Korean Peninsula is divided by geographical landscape barriers, leading to the emergence
of several clades within Pelophylax chosenicus (Min et al., 2008), Hynobius spp. (Bacek et al.,
2011; Min et al., 2016) and Dryophytes japonicus (Dufresnes et al., 2016), a consequence of
allopatric divergence.

Connectivity between the Korean Peninsula and the rest of the Eurasian continent
has been regularly ensured by the filling of the Yellow Sea, even during glaciation periods
when the northern latitude of the peninsula was not within amphibian reach, and thus
through continued land connectivity (Haq, Hardenbol ¢ Vail, 1987; Millien-Parra &
Jaeger, 1999; see Fig. 1, Kim et al., 2013). However, genetic diversification between China,
Korea and Japan occurred (Ota, 1998; Ota et al., 20025 Zhang et al., 2008; Gong et al., 2008;
Qi et al., 20145 Matsui, 2014), exemplified by repeated patterns of mtDNA introgression
and range shifts in water frogs (Pelophylax spp.; Komaki et al., 2015).

Bufo gargarizans populations have shown a slow decline in Korea throughout the last
decades, mostly due to habitat partitioning (Kuzmin et al., 2004). The genetic structure of
populations in North East Asia is fairly well known for Chinese (Liu et al., 2000; Fu et al.,
2005; Zhan ¢ Fu, 2011), Taiwanese (Chen et al., 2013; Yu, Lin & Weng, 2014) and Japanese
(Hase, Shimada ¢ Nikoh, 2012) populations, but very little is known so far for Korean
populations (Fu et al., 2005). Herewith, we hypothesise the absence of a total genetic
segregation within B. gargarizans populations from South Korea due to the potential for
recolonisation and population connectivity during interglacials.

MATERIALS AND METHODS

Field work

Bufo gargarizans is usually found between 20 and 800 m a.s.l., in coniferous, mixed and
deciduous forests, as well as grasslands, in humid but not saturated habitat (Kuzmin et al.,
2004). Due to permit restriction from the Ministry of Environment (permit numbers:
Yesan-2016-10; Boeun-2016-01; Gangwha-2016-01; Jeonju-2016-01; Hampyeong-2016-
37; Daegu-2016-01; Geumsan-2016-02; Nonsan-2016-01; Changwon-2016-02) we limited
our sampling to 47 individuals from 10 sites (Fig. 1), with all samples originating from
road kills. For samples to be assigned to a same localities, they had to be collected within
10 km of each other, representative of an average maximum dispersion distance for
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Figure 1 Map of the sampling sites where Bufo gargarizans roadkills were collected and regions of
origin for the samples extracted from GeneBank. On the inset map, each colour matches with a
different haplotype of the combined analysis, encoded similarly to the haplotype networks (Fig. 5C). The
size of the pie charts is proportional to the sample size at the site (1 < n < 13). Site 1 is on Gangwha
Island; and the black dashed line represents the Baekdu Mountains Range. This figure was generated
with Google Earth Pro (Mountain View, CA, USA) and ArcMap 10.5 (Environmental Systems Resource
Institute, Redlands, CA, USA). Service Layer Credits & Sources: Esri, USGS and GeoServices Map Esri
Korea). Map data ©2015 Google. Full-size 4] DOT: 10.7717/peerj.4044/fig-1

amphibians (see review by Smith ¢ Green, 2005). To define the GPS coordinates of the
localities for pooled samples (Table 1), we calculated the centre of gravity created by the
polygon of sites considered, weighted by the number of samples.

Molecular work

DNA was extracted through a Qiagen DNeasy blood and tissue kit (Qiagen, Hilden,
Germany) following the instructions of the manufacturer. The targeted genes were the
mitochondrial ND2 (this fragment comprised 74 bp ND1, complete tRNA-Ile, tRNA-GIn,
tRNA-Met, 510 bp ND2; referred throughout as ND2 fragment for simplicity) and CR
fragments. The primers used were: ND2: L-int 5'-CGA GCATCC TAC CCA CGATTT CG-3'
(Fu et al., 2005) and H4980 5'-ATT TTT CGT AGT TGG GTT TGR TT-3' (Macey et al., 1998)
and CR BGarF 5-TTGGACGATAGCAAGGAACACTC-3" and CR BGarR 5'-
CCTGACTTCTCTGAGGCCGCTTT-3’ (this study). Templates were sequenced on both
strands and the complementary reads were used to resolve rare, ambiguous base-calls in
Sequencher v.4.9. In order to assess the positioning of the Korean individuals within the B.
gargarizans species complex, several alignments and analyses were prepared depending on
localities and GPS coordinates in Genbank records. A larger alignment for the RAXML
and MrBayes analyses consisted of all the B. gargarizans specimens available in Genbank
and other closely related taxa that fell within the B. gargarizans species complex, not
associated to additional data such as exact geographical localities (n = 181, length = 1,222
base pair = bp, Fig. 2). A slightly smaller alignment that included individuals assigned to
B. gargarizans senso strito that either had GPS or accurate Chinese localities (1 = 148,
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Table 1 Sampling localities for all 47 individuals included in this study.

Site ID on  Country Latitude (N) Longitude (W) Sample Sample ID GenBank Accession Number Origin
Fig. 1 size
(or localities) CR ND2
1 Korea 37.721666° 126.401131° 2 B. gargarizans 1 KY295993 KY295992 This study
1 Korea 37.721666° 126.401131° 2 B. gargarizans 2 KY295994 KY295991 This study
2 Korea 35.779648° 127.143229° 5 B. gargarizans 3 KY295995 KY295990 This study
2 Korea 35.779648° 127.143229° 5 B. gargarizans 4 KY295996 KY295989 This study
2 Korea 35.779648° 127.143229° 5 B. gargarizans 5 KY295997 KY295988 This study
2 Korea 35.779648° 127.143229° 5 B. gargarizans 6 KY295998 KY295987 This study
2 Korea 35.779648° 127.143229° 5 B. gargarizans 7 KY295999 KY295986 This study
3 Korea 36.137497° 127.381469° 5 B. gargarizans 8 KY296000 KY295985 This study
3 Korea 36.137497° 127.381469° 5 B. gargarizans 9 KY296001 KY295984 This study
3 Korea 36.137497° 127.381469° 5 B. gargarizans 10 ~ KY296002 KY295983 This study
3 Korea 36.137497° 127.381469° 5 B. gargarizans 11~ KY296003 KY295982 This study
3 Korea 36.137497° 127.381469° 5 B. gargarizans 12 KY296004 KY295981 This study
4 Korea 36.310532° 127.185360° 1 B. gargarizans 13~ KY296005 KY295980 This study
5 Korea 35.825662° 128.704850° 3 B. gargarizans 14 ~ KY296006 KY295979 This study
5 Korea 35.825662° 128.704850° 3 B. gargarizans 15  KY296007 KY295978 This study
5 Korea 35.825662° 128.704850° 3 B. gargarizans 16~ KY296008 KY295977 This study
6 Korea 35.291573° 128.672657° 5 B. gargarizans 17 KY296009 KY295971 This study
6 Korea 35.291573° 128.672657° 5 B. gargarizans 18 ~ KY296010 KY295976 This study
6 Korea 35.291573° 128.672657° 5 B. gargarizans 19  KY296011 KY295975 This study
6 Korea 35.291573° 128.672657° 5 B. gargarizans 20  KY296012 KY295974 This study
6 Korea 35.291573° 128.672657° 5 B. gargarizans 21~ KY296013 KY295973 This study
7 Korea 36.485968° 127.737251° 3 B. gargarizans 22 KY296014 KY295972 This study
7 Korea 36.485968° 127.737251° 3 B. gargarizans 23 ~ KY296015 KY295970 This study
7 Korea 36.485968° 127.737251° 3 B. gargarizans 24 ~ KY296017 KY295969 This study
8 Korea 35.181633° 126.541167° 5 B. gargarizans 25  KY296018 KY295968 This study
8 Korea 35.181633° 126.541167° 5 B. gargarizans 26~ KY296019 KY295967 This study
8 Korea 35.181633° 126.541167° 5 B. gargarizans 27 ~ KY296020 KY295966 This study
8 Korea 35.181633° 126.541167° 5 B. gargarizans 28 ~ KY296021 KY295965 This study
8 Korea 35.181633° 126.541167° 5 B. gargarizans 29 ~ KY296016 KY295964 This study
9 Korea 36.666582° 126.642740° 5 B. gargarizans 30 KY296022 KY295963 This study
9 Korea 36.666582° 126.642740° 5 B. gargarizans 31 ~ KY296023 KY295962 This study
9 Korea 36.666582° 126.642740° 5 B. gargarizans 32 KY296024 KY295961 This study
9 Korea 36.666582° 126.642740° 5 B. gargarizans 33 KY296025 KY295960 This study
9 Korea 36.666582° 126.642740° 5 B. gargarizans 34  KY296026 KY295959 This study
10 Korea 36.082754° 127.494845° 13 B. gargarizans 35  KY296027 KY295958 This study
10 Korea 36.082754° 127.494845° 13 B. gargarizans 36~ KY296028 KY295957 This study
10 Korea 36.082754° 127.494845° 13 B. gargarizans 37 ~ KY296029 KY295956 This study
10 Korea 36.082754° 127.494845° 13 B. gargarizans 38  KY296030 KY295955 This study
10 Korea 36.082754° 127.494845° 13 B. gargarizans 39  KY296031 KY295954 This study
10 Korea 36.082754° 127.494845° 13 B. gargarizans 40 ~ KY296032 KY295953 This study
(Continued )
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Table 1 (continued).

Site ID on  Country Latitude (N) Longitude (W) Sample Sample ID GenBank Accession Number Origin
Fig. 1 size
(or localities) CR ND2

10 Korea 36.082754° 127.494845° 13 B. gargarizans 41 ~ KY296033 KY295952 This study

10 Korea 36.082754° 127.494845° 13 B. gargarizans 42 KY296034 KY295951 This study

10 Korea 36.082754° 127.494845° 13 B. gargarizans 43 ~ KY296035 KY295950 This study

10 Korea 36.082754° 127.494845° 13 B. gargarizans 44  KY296036 KY295949 This study

10 Korea 36.082754° 127.494845° 13 B. gargarizans 45  KY296037 KY295948 This study

10 Korea 36.082754° 127.494845° 13 B. gargarizans 46 KY296038 KY295947 This study

10 Korea 36.082754° 127.494845° 13 B. gargarizans 47 ~ KY296039 KY295946 This study

CIB-XM China Antu 1 CIBX-M014 AY924344 AY936870 Fu et al. (2005)

CIB-XM China Antu 1 CIBX-MO076 AY924345 AY936867 Fu et al. (2005)

HB China Hubei Shishou 5 HB2' DQ288717 = Hu et al. (2007)

HB China Hubei Shishou 5 HB4' DQ288717 = Hu et al. (2007)

HB China Hubei Shishou 5 HB5' DQ288717 = Hu et al. (2007)

HB China Hubei Shishou 5 HB6' DQ288717 = Hu et al. (2007)

HB China Hubei Shishou 5 HB7' DQ288717 = Hu et al. (2007)

GS China Gansu Lanzhou 5 GS41° DQ288719 = Hu et al. (2007)

GS China Gansu Lanzhou 5 GS46° DQ288719 - Hu et al. (2007)

GS China Gansu Lanzhou 5 GS47° DQ288719 - Hu et al. (2007)

GS China Gansu Lanzhou 5 GS48’ DQ288719 = Hu et al. (2007)

GS China Gansu Lanzhou 5 GS410' DQ288717 = Hu et al. (2007)

HLJ China Heilongjiang Harbin 3 HLJ1' DQ288717 - Hu et al. (2007)

HLJ China Heilongjiang Harbin 3 HLJ2’ DQ288718 = Hu et al. (2007)

HLJ China Heilongjiang Harbin 3 HLJ3” DQ288718 — Hu et al. (2007)
Notes:

The GPS coordinates provided are the centre of gravity calculated from the different sampling sites. All sampling sites within 10 km of each other were considered a single
locality. The samples downloaded from GenBank grouped within the Korean clade are listed in the table.
Superscripts (">?) by sample ID codes denote same CR haplotypes.

CR = 427 bp, ND2 = 795, bp = 1,222, Figs. 3 and 4) was used to perform statistical
coalescent and phylogeographic analyses (see below). Lastly, we built a smaller alignment
that only included all the Korean B. gargarizans (n = 47) form Korea and all closely related
matches from nearby China (n = 15; Fig. 6; Figs. S1 and S2). The length of this alignment
was 422 and 795 bp for the CR and ND2 fragments, respectively. The combined data
set resulted in 1,217 bp in length.

Sequences were aligned in Seaview v.4.2.11 (Gouy, Guindon ¢ Gascuel, 2010) under
ClustalW2 (Larkin et al., 2007) with default settings. Genetic p-distances (pairwise
deletion) and standard error (% = SE) were calculated using Mega 7 (Kumar, Stecher ¢
Tamura, 2016). The most appropriate substitution model for the Bayesian inference (BI)
analysis was determined by the Bayesian information criterion (BIC) in PartitionFinder
v.2 (Lanfear et al., 2012). MrBayes v.3.2.6 (Ronquist ¢& Huelsenbeck, 2003) was used with
default priors and Markov chain settings, and with a random starting tree. Each run
consisted of four chains of 20,000,000 generations (small alignment, n = 62, Figs. S1
and S2), 100,000,000 (large alignment, n = 181, Fig. 2) sampled each 2,000 generations
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Figure 2 Best Maximum Likelihood tree (n = 181) recovered from the RAXML analyses and BI for the ND2 and CR fragments, displaying the
genetic structure of Bufo gargarizans from the Korean Peninsula and mainland Chinese localities. Posterior probabilities > 0.95 from the
Bayesian Inference are indicated on nodes as * in black (BI) in red (ML). Green clade; Western China, red clade; Korea (+ 5 Chinese haplotypes),
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ability of the locality origin. Green clade; Western China, red clade; Korea (+ 5 Chinese haplotypes), blue clade; all Chinese localities.
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(small alignment) and 10,000 (large alignment), respectively. For the BI analyses, a plateau
was reached after few generations with 25% of the trees resulting from the analyses
discarded as burn in. Phylogenetic relationships among haplotypes for each locus were
estimated using a maximum likelihood (ML) approach, as implemented in the software
RAXML v7.0.4 (Silvestro ¢ Michalak, 2012; Stamatakis, 2014), using the default settings.
Node support was inferred by the bipartition method in RAXML with 10 random addition
replicates. All analyses were performed through the CIPRES platform (Miller, Pfeiffer ¢»
Schwartz, 2010). Candidate outgroup species for the trees were B. japonicus, Bufo stejnegeri
and Bufo tibetanus. However, divergence of B. japonicus and B. tibetanus were low and
closely grouped within the B. gargarizans clades. Thus, we employed B. stejnegeri as

the most suitable outgroup for the RaxML and MrBayes analyses of the larger data set
(n = 181) and used B. tibetanus in the smaller data set (n = 63). Networks were built on
Haploviewer (Salzburger, Ewing ¢ Von Haeseler, 2011) under the best tree topology as
inferred in RAXML for sequenced Korean individuals (Fig. 5). The molecular clock test
was done in MEGA 7 (Kumar, Stecher ¢» Tamura, 2016), using the entire small dataset
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clade; Western China, red clade; Korea (+ 5 Chinese haplotypes), blue clade; all Chinese localities.
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(CR+ND2 concatenated 63 samples) and applying the GTR+G model (the same used
in RAXML analyses). The Partition Homogeneity Test was performed in PAUP 4 (Swofford
2003; Tamura et al., 2013), applying the partition of each gene, CR+ND2.

In order to time-calibrate the population tree, we fixed the mutation rate in the CR
to 7.3 x 1077 substitutions/site/year following (Stick et al., 2006) and the ND2 rate
estimated from the prior. This CR rate lies as a mean from previous estimates from
European Bufo genus species and B. gargarizans, between 0.067 and 0.087 per lineage
per million years (Stick et al., 2006) and are established based on the last connection
between North Africa and Sicily about 5.3 million years ago (M. y. a.). For population size,
we used a prior normal distribution with mean = 7.3 x 10 and standard deviation = 0.5.
In addition to the population tree, we co-estimated the dispersal history using a discrete
phylogeographic (ancestral state reconstruction) model (Leney et al., 2009) implemented
in BEAST v1.8.2 (Drummond et al. 2012; http://beast.bio.ed.ac.uk). Given that our
geographic sampling of populations is uneven and our state-space is low, we chose a
symmetric continuous-time rate matrix. As priors for the rates, we selected the
approximate reference (CTMC) prior (Ferreira ¢ Suchard, 2008). The discrete BI analyses
(alignment n = 62) was run for 10 million generations and sampling every 1,000
generations. In addition, the statistical dispersal-vicariance analysis (S-DIVA) was run
using RASP v3.0 (Yu et al., 2015), allowing all possible area overlaps and keeping a
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built on Haploviewer under the best tree topology as inferred in RAXML. Numbers 1-10 relate to the
coding of populations from Table 1 and Fig. 1. Full-size Eal DOI: 10.7717/peerj.4044/fig-5

maximum of three areas per reconstructed node. Results were saved in text and PNG
format and then edited by plotting the maximum-clade-credibility (MCC; see below) tree
in R using APE (Paradis, Claude ¢ Strimmer, 2004; Fig. 6).

Secondly, we estimated the diffusion of the B. gargarizans CR and ND2 sequence data
through time using the continuous Bayesian phylogeographic approach (Lemey et al.,
2010). This approach estimates population range changes through time and ancestral
population locations or origins. We used the Gamma RRW model (alignment n = 62)
and Cauchy RRW model (alignment n = 148) with all individuals assigned to GPS
coordinates. A random ¢itter’ was added to each GPS coordinate with a window size
of 0.5. We applied a fixed clock rate to the CR partition (see above) and estimated from
the prior for the ND2. We used marginal likelihood estimations (MLE) and Bayes factors
(BF) to select for the continuous trait model. MLE were calculated through path sampling
(PS) and stepping stone (SS) analyses in BEAST (Baele et al., 2012). We tested for
Brownian, Gauchy, Gamma and Lognormal RRW models under the strict and relaxed
lognormal models running 300 million generations, with sampling every 30,000
generations. The larger data set (n = 148) revealed chain convergence problems (e.g.
Gamma RRW) with MLE analyses and therefore models were tested only on the strict
clock. The posterior distributions of parameter estimates were visually inspected in Tracer
v1.6 (Rambaut & Drummond, 2007). For all the models tested, MLE analyses were run for
50 path steps and 100,000 generations with each step. The BF were calculated as two times
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Figure 6 Statistical dispersal-vicariance analysis (S-DIVA) tree for all Korean and closely related
Chinese B. gargarizans. Chinese localities refer to those in Fig. 7; Fig. SI.
Full-size K&l DOI: 10.7717/peer].4044/fig-6

the difference in MLE between different models, and the significance was determined if
the BF value was >10 (Kass ¢ Raftery, 1995). Spatial continuous space MCC trees (n = 62
and n = 148) were computed in SPREAD (Bielejec ef al., 2011) and viewed in Google Earth
(http://earth.google.com; Figs. 7 and 8).

Thirdly, we inferred changes in effective population size of the Korean individuals
through time using a Bayesian skyline plot (BSP) model (Drummond et al., 2005) with
strict clock for the CR data and same prior and a Lognormal relaxed clock for the
ND2 fragment (Fig. 9). For both analyses, we ran two independent MCMC chains, each
with 20 million states and sampling every 2,000 generations.
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Figure 7 MCC Bayesian phylogeographic projections for Bufo gargarizans at different times scales.
(A, B) Mainland expansions 200 K. y. a. and present, (C—E) Korean Peninsula expansions 300 K, 150 K. y.
a., and present. The MCC gene tree is represented with black lines. Old diffusions shown in orange and
more recent ones are shown in light green. Map data ©2015 Google.
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Independent runs were evaluated for convergence and mixing by observing and
comparing traces of each statistic and parameter in Tracer v1.6 (http://beast.bio.ed.ac.uk/
tracer). We considered effective sampling size (ESS) values >200 to be good indicators of
parameter mixing. The first 10 states of the discrete, BSP and continuous Bayesian
phylogenies were discarded as burnin. Samples were merged using LogCombiner
v1.8.2. The resulting trees were summarised using TreeAnnotator v1.8.2, where a MCC
tree with mean values was generated under heights = ca (Heled ¢ Bouckaert, 2013). In the
case of BSP, log and tree files were uploaded into Tracer, in which the plot was generated.

In addition, to examine whether the species showed any sign of historical population
expansion, we estimated Tajima’s D ( Tajima, 1989), Fu’s Fs (Fu, 1997) and a mismatch
distribution analysis (Rogers & Harpending, 1992). Negative values of Tajima’s D can be
interpreted as evidence of population expansions (Fu, 1997), and negative values of Fs
indicate an excess of recent mutations and reject population stasis. In addition, we
performed a Ramos-Onsins and Rozas (R?) analyses (Ramos-Onsins ¢ Rozas, 2000).
Diagrams of frequencies of pairwise genetic differences were drawn using DnaSP v.5.0
(Rozas et al., 2003). A thousand bootstrap replicates were used to generate an expected
distribution using a model of sudden demographic expansion (Excoffier, Laval ¢
Schneider, 2005). This mismatch distribution is usually multimodal in samples drawn
from populations at demographic equilibrium, but is usually unimodal in populations
following recent population demographic and range expansion (Slatkin ¢» Hudson, 1991;
Rogers ¢ Harpending, 1992; Ray, Currat ¢ Excoffier, 2003). Based on the lack of population
differentiation between Korean (#n = 47) and Chinese (n = 15) sequences were all
considered as one population for demographic population analyses.
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Figure 8 MCC Bayesian phylogeographic projections for Bufo gargarizans at different times scales
for the complete data set of 148 individuals. (A) China mainland expansions 2 M. y. a, (B): China—
Korea expansions 2 M. y. a.—800 K. y. a., (C) present expansions. The MCC gene tree is represented with
black lines and old diffusions braches are shown in red. The orange arrows depict the three MCC
branches of Korean to China expansions. Map data ©2015 Google.

Full-size K&) DOT: 10.7717/peerj.4044/fig-8

RESULTS

Preliminary phylogenetic data on all B. gargarizans from GenBank revealed intricate
phylogenetic relationships mostly through paraphyly within the species complex.
Bufo tibetanus, B. bankorensis, B. japonicus, B. stejnegeri, B. andrewski were closely
associated to the Korean specimens generated from this study and to other Asian
B. lineages gargarizans. Although out of the scope of this work, it is evident that this group
is in need of taxonomical assessment. All trees recovered the Korean B. gargarizans as
monophyletic with five Chinese haplotypes (n = 15) nested with in the Korean
B. gargarizans clade (Figs. 2—4, 6; Figs. S1-S3) and were therefore included for the final
phylogenetic analyses. GenBank BLAST searches of CR and ND2 sequences matched the
same haplotype between Korean populations and three Chinese populations (Table 1).
The ND2 and CR data set recovered 11 and 15 haplotypes, respectively. The molecular
clock test (p = 0.999) confirmed that the null hypothesis could not be rejected. The
Partition Homogeneity Tests (p = 0.90) indicated no significant heterogeneity between
partitions and therefore analyses were performed with the concatenated alignment.

Uncorrected p-distances of haplotypes within the two major clades recovered by the
phylogenetic analyses (Fig. 6; Figs. S1-5S3) were low, CR (Korea + China clade;
0.51 + 0.05%, Korean clade; 0.96 + 0.07%), ND1 (Korea + China clade; 0.1 + 0.02%,
Korean clade; 0.33 £ 0.02%) and were not much different to the divergence between clades
based on the ND2 fragment (ND1; 0.39 £ 0.01%) but lower than based on the CR clade
divergence (CR; 1.7 £ 0.05%). The uncorrected p-distances between the Chinese and
Korean individuals were low and again highlight the lack of genetic isolation between
localities.

The unimodal mismatch distribution (Fig. S4) of the Korean and Chinese
B. gargarizans suggests a population expansion (Fig. 9). Although the CR data set did not
show statistical significance for demographic expansion, the overall negative Fu’s
F and Tajima D for both markers (ND2, Fu’s F = —4.67, p = 0.006, Tajima’s D = —0.55
NS; CR, Fu’s F = —1.823, p = 0.062, Tajima’s D = —0.093 NS) suggest an excess of low
frequency alleles and therefore the possibility of demographic expansion cannot be
rejected based on these results. Despite this, the Ramos-Onsins and Rozas for each marker
were not significant (CR; p = 0.111, ND2; p = 0.087). The BSP shows a population
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Figure 9 Bayesian skyline plot (BSP) for the ND2 and CR sequence data for Korean Bufo gargarizans.
Full-size K&l DOI: 10.7717/peerj.4044/fig-9

expansion within the last 300 K. y. a. This data is in accordance with the mismatch
distribution analyses and the lack of population structure as seen from the phylogenetic
and network analyses.

The best-fitting models for the CR and ND2 alignments were the following; n = 62;
HKY+G and HKY+I, n = 181; HKY+I+G, ND2 by codon partition, TrN+I, K80+I,
HKY and # = 148; HKY+I+G and TrN+I. All analyses recovered a well-resolved
monophyletic clade composed by Korean+Chinese individuals. The larger data sets
(n =181, n = 148) recovered three clades. The RAXML, BI and continuous Bayesian
analyses recovered the Korean clade sister to the clade composed by individuals from all
Chinese localities (Central, North East, South East, West China), and a more ancestral
Chinese Western clade. However, the Bayesian discrete tree recovered the Korean clade as
sister clade to the Western China clade, but this relationship was weakly supported.
The rooted ML and BI tree for the smaller alignment (n = 62 + outgroup) recovered the
same tree topology with two sister clades, one composed by only Korean taxa and the
other by Korean and 15 Chinese individuals from four localities. The discrete MCC
tree (Fig. S1) and S-DIVA analyses (Fig. 6) indicate a Korean ancestral origin of the
Chinese haplotypes and therefore point to a recent expansion from the Korean Peninsula
towards mainland China.

The ML networks revealed a clear lack of structure within the Korean metapopulation
with most populations recovering different haplotypes with no geographical structure
(Fig. 5). For the continuous analyses the Strict Gamma RRW was selected over all other
tested models for the Korean and closely related Chinese individuals (reduced alignment)
and the Strict Cauchy RRW for the larger alignment with all Chinese localities (n = 148)
(Table S1). In congruence to the rooted phylogenies, the population-based discrete and
continuous phylogeographic analyses recovered two clades, the Chinese-Korean and
Korean. The trees showed high posterior probability support for the Chinese+Korean
but poor support for the Korean clade, which recovered two strong supported clades with
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no apparent geographical structure. Individuals from the same localities were grouped
within the different clades, potentially showing admixture of the metapopulation. The
continuous MCC tree revealed a time split between these clades dating to circa 700 K. y. a.
However, the limited number of samples from the mainland and the few markers available
(mostly CR), resulted in modest node support, and thus, caution is needed in the
interpretation of the dispersal events from the Korean Peninsula towards the mainland.
With these analyses we aim to elucidate evidence on the dispersal path (Korea to China or
China to Korea) or the bi-directionality of such. The projection of the MCC tree (Fig. 4) in
the geographical map (Fig. 8) shows an original expansion of the Western Chinese
population with an early radiation towards the Korean Peninsula at approximately

2 M.y. a. From 2 M. y. a. to about 800 K. y. a. there is an overall population expansion
in Western, Central and South East China. The current population spread throughout
all the Chinese localities and point to a continuous and progressive expansion of the
populations. The projection of the MCC tree (Fig. S2) in the geographical map of the
Korean B. gargarizans and closely matched Chinese individuals (Fig. 7) shows a Korean
expansion circa 300 K. y. a., with a subsequent Northern expansion lineage towards South
Eastern China progressing further north to North Eastern China (north of Northern
Korea). The Gamma RRW model suggests this population colonised North Western
China, not being a direct colonisation from the Korean Peninsula population, however
this colonisation route was not recovered in the Cauchy RRW models of either the
small or large continuous analyses, suggesting a direct colonisation from Korea. The South
West China population was likely colonised through land bridge formations over the
Yellow Sea from Central Western Korea circa 300 K. y. a. The MCC tree supports the
BSP analyses in the timing of the Korean Peninsula major population expansions,
dating to the around the last 200 and 150 K. y. a. (Fig. 7).

Discussion
Although numerous amphibian species see their range restricted to the Korean Peninsula,
our results emphasise a broad distribution of B. gargarizans, supported by the presence
of common haplotypes in Korea as well as North East Asia. The Korean Peninsula served
as a refugium for several species during either glacial or inter-glacial periods for
anurans (Zhang et al., 2008; Yoshikawa et al., 2008), as well as for other more efficient
dispersers (Hosoda et al., 2000; Kim et al., 2013; Koh et al., 2014). Our findings suggest
colonisation of the Korean Peninsula by individuals originating from the Chinese
mainland between 2 and 0.8 M. y. a. followed by weak isolation or repeated gene exchange,
as seen through the monophyly of a Korean clade within the widespread B. gargarizans
species complex. This was followed by dispersal events originating from the Korean
Peninsula, northwards over land and westwards over land bridges during sea level falls.
The population expansion seen on the Chinese mainland, and on then Korean
Peninsula, for the last 2 m.y. started during the paeloperiod when the drainage basins of
the Han, Amur, Liao and Yellow Rivers were joined into a single unit, flowing into the
ocean south of the current Yellow Sea (Ryu et al., 2008). At the period in the early
Quaternary, the totality of the Chinese Mainland, Taiwanese and Japanese Islands and the
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Korean Peninsula were connected by the continental shelf for the last time (see Fig. 1, He
et al., 2015). This increased landscape connectivity (Xie, Jian ¢ Zhao, 1995; Diekmann
et al., 2008) enabled toads to breed, disperse, and colonise new areas unhindered. Besides,
this period matches with the establishment and reinforcement of the monsoon weather
(Wang & LinHo, 2002; Lee, Jhun ¢ Park, 2005; He et al., 2015), which also contributed to
an increase of habitat suitability for amphibians, and the proliferation of populations.

During the next glacial maximum of the next 2 m.y. the Korean Peninsula may have not
been isolated during glacial maxima, but during inter-glacials, as a complementary
hypothesis to the four options raised by Kim et al. (2013), and explaining the unexpected
‘expansion period (0.02 £ 0.02 [m.y.a]) corresponding to the LGM’ (Kim et al., 2013).
The glacial maxima resulted in a larger continuous refugium connecting the Korean
Peninsula and the Chinese mainland south of the ice line (Zhan ¢ Fu, 2011; Yan et al.,
2013), due to the absence of ice in the Korean Peninsula during the LGM (Kong, 2000;
Walker et al., 2009; Yi & Kim, 2010), and the drop in sea levels, accumulated in glaciers,
during glacial maxima. This will have allowed for the continuous gene exchange, and the
later population expansions, followed by the northward dispersion events. The potential
increased connectivity between Chinese mainland and Korean Peninsula during this
period are the Mindel-Riss inter-glacial (MIS 11; in Europe: Kukla, 2005; in Russia:
Galuskin et al., 2009), the Riss glacial period (MIS 6; Kazantseva glaciation, Vasil’ev, 2001;
Miiller, Pross ¢ Bibus, 2003) and the glaciation period called the Wurm Glaciation in
Europe (=MIS 2-4; Ehlers ¢ Gibbard, 2008; Zyryanka in Asia: Astakhov, 1998).

The recovery of two distinct clades within the peninsula reflects likely episodes of
dispersal events to/from the Korean Peninsula. The median time since the most recent
common ancestor (TMRC) between the two clades generally matches with the interglacial
period before the Gunz Glaciation (=Marine isotope stage (MIS) 16; Schweitzer, 2004),
circa 700 K. y. a., when the Korean and the mainland became isolated due to sea level
resurgence. Topographical and environmental heterogeneity is more often than not a
predictor to patterns of increased genetic variability sustained by different levels of
allopatric diversification. Within Korea, the lack of North—South genetic structure may
have been foreseen due to the continuity of low plains facilitating dispersion of anurans,
as visible through the current range of Dryophytes suweonensis (Borzée, Yu & Jang, 2016;
Borzée et al., 2017) and P. chosenicus. In contrast, several studies have shown the role of
East-West topographical barriers in the Korean Peninsula, contributing to allopatric
speciation in amphibians, such as for Hynobius spp. (Bacek et al., 2011; Min et al., 2016)
and D. japonicus (Dufresnes et al., 2016). However, despite the presence of landscape
barriers throughout the sampled area, such as the Baekdu Mountain Range and the sea
channel between the mainland and Gangwha Island, genetic exchange was not
constrained, as shown by the presence of common haplotypes on both sides of these
candidate geographical barriers. This pattern was unexpected due to the topographical
relief of Baekdu Mountain Range above the occurrence threshold of B. gargarizans. We
interpret this apparent lack of genetic structure as a result of efficient dispersal capabilities
in B. gargarizans, as seen in most toads ( Verces et al., 2003), or dispersion over emerged
lands during glacial maxima.
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Bufo gargarizans in Chinese localities (HLJ, HB and GS in Table 1) recovered common
haplotypes for the CR in Korean individuals, implying recent dispersal and gene flow
between localities. The clustering of South Korean and Chinese haplotypes in a single
clade subsequently to the last major interglacial period is historically coherent due to the
regular fluctuations of the Yellow Sea level following minor ice ages (Jingtai ¢ Pinxian,
1980; Oba et al., 1991; Liu et al., 2009). The Korean Peninsula was last connected to the
Chinese mainland over the Yellow Sea during the late Pleistocene (Millien-Parra ¢ Jaeger,
1999), and species were able to take advantage of land bridges to disperse until the end of
the LGM, circa 15 K. y. a. (Chung, 2007; Lomolino et al., 2010). However, we need to
address that while the presence of a Korean and a Korean + mainland clade may suggest
possible expansions from different areas of potentially ancestral allopatric populations
that reconnected in the Peninsula, this pattern can also be caused by incomplete lineage
sorting, where some individuals still retain ancestral haplotypes (i.e. partial divergence
with no secondary contact). Although the idea of two disjoint populations coming into
secondary contact in the peninsula sounds appealing, our data does not lend to test
hypotheses of admixture, thus testing apart secondary contact from lineage sorting would
be difficult (Qu et al., 2012).

The case of Gangwa Island is peculiar as the two sampled individuals were breeding
males, identifiable through the unmistakable forearm muscular development, but about
a third smaller than average male size, 2.83 cm (% 0.12 cm), versus 8.08 cm (£ 0.67 cm)
in average for males B. gargarizans (Cheong, Sung ¢ Park, 2008). This size variation may
be explained by the island effect, where isolated individuals drift in average size, while
being genetically closely related, i.e. same haplotype, to individuals on the mainland.
This is, for instance, the case of D. japonicus between Jeju Island and the Korean Mainland
(Jang et al., 2011). Further sampling in this and other satellite islands is likely to elucidate
further information on the processes of dwarfism in the area.

The topographical effects caused by sea level changes throughout the ice ages in Asia
and Europe are contrasting. In Europe, ice shelves lead to the southwards displacement of
species resulting in isolation through allopatric speciation on southern peninsulas (i.e.
Iberian, Italian, Greek, Balkans; Hewitt, 2000). In contrast, sea level recession in North
East Asia at glacial maxima resulted in the drainage of the Yellow Sea (Jingtai ¢ Pinxian,
1980; Hagq, Hardenbol & Vail, 1987; Fairbanks, 1989; Park, Khim ¢ Zhao, 1994; Kim ¢
Kennett, 1998; Ijiri et al., 2005; Liu et al., 2009) and the near closing of the Tsushima
Straight (Oba et al., 1991; Millien-Parra ¢ Jaeger, 1999; He et al., 2015). Land bridge
formations between the mainland, the Korean Peninsula (Haq, Hardenbol & Vail, 1987;
Millien-Parra & Jaeger, 1999; Chung, 2007; Lomolino et al., 2010) and the then continuous
formation of the Japanese Islands effectively allowed genetic admixture between
populations as seen in this study, and blurring of species boundaries through introgressive
extinction.

ACKNOWLEDGEMENTS

The analyses in this study comply with the current laws of the Republic of Korea.

Borzée et al. (2017), PeerdJ, DOI 10.7717/peerj.4044 17/25


http://dx.doi.org/10.7717/peerj.4044
https://peerj.com/

Peer/

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was financially supported by research grants from the Rural Development
Administration (PJ012285) and the National Research Foundation of Korea
(2017R1A2B2003579) to Yikweon Jang and by the Korean National Institute of Ecology
International collaborative research grant for Michael Joseph Jowers. The funders had no
role in study design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:
Rural Development Administration: PJ012285.

National Research Foundation of Korea: 2017R1A2B2003579.
International Research grant, Korean National Institute of Ecology.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions

e Amaél Borzée contributed reagents/materials/analysis tools, wrote the paper, prepared
figures and/or tables, reviewed drafts of the paper.

e Joana L. Santos analyzed the data, prepared figures and/or tables, reviewed drafts of the
paper.

e Santiago Sanchez-Ramirez analyzed the data, reviewed drafts of the paper.

e Yoonhyuk Bae contributed reagents/materials/analysis tools.

e Kyongman Heo contributed reagents/materials/analysis tools.

e Yikweon Jang contributed reagents/materials/analysis tools.

e Michael Joseph Jowers conceived and designed the experiments, performed the
experiments, analyzed the data, contributed reagents/materials/analysis tools, wrote the
paper, prepared figures and/or tables, reviewed drafts of the paper.

Animal Ethics
The following information was supplied relating to ethical approvals (i.e. approving body
and any reference numbers):

The Ministry of Environment (permit numbers: Yesan-2016-10; Boeun-01; Gangwha-
2016-01; Jeonju-2016-01; Hampyeong-2016-37; Daegu-2016-01; Geumsan-2016-02;
Nonsan-2016-01; Changwon-2016-02) approved this study.

DNA Deposition
The following information was supplied regarding the deposition of DNA sequences:
GenBank sequences can be found in Table 1.

Borzée et al. (2017), PeerJ, DOI 10.7717/peerj.4044 18/25


http://dx.doi.org/10.7717/peerj.4044
https://peerj.com/

Peer/

Data Availability
The following information was supplied regarding data availability:
The raw data has been supplied as Supplemental Dataset Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/
10.7717/peerj.4044#supplemental-information.

REFERENCES

Aizawa M, Kim Z-S, Yoshimaru H. 2012. Phylogeography of the Korean pine (Pinus koraiensis)
in northeast Asia: inferences from organelle gene sequences. Journal of Plant Research
125(6):713-723 DOI 10.1007/s10265-012-0488-4.

Astakhov V. 1998. The last ice sheet of the Kara Sea: terrestrial constraints on its age. Quaternary
International 45:19-28 DOI 10.1016/s1040-6182(97)00003-7.

Avise JC. 2007. Twenty-five key evolutionary insights from the phylogeographic revolution
in population genetics. In: Weiss S, Ferrand N, eds. Phylogeography of Southern European
Refugia. Dordrecht: Springer, 7-21.

Baek HJ, Lee MY, Lee H, Min MS. 2011. Mitochondrial DNA data unveil highly divergent
populations within the genus Hynobius (Caudata: Hynobiidae) in South Korea. Molecules and
Cells 31(2):105-112 DOI 10.1007/s10059-011-0014-x.

Baele G, Lemey P, Bedford T, Rambaut A, Suchard MA, Alekseyenko AV. 2012. Improving the
accuracy of demographic and molecular clock model comparison while accommodating
phylogenetic uncertainty. Molecular Biology and Evolution 29(9):2157-2167
DOI 10.1093/molbev/mss084.

Bielejec F, Rambault A, Suchar MA, Lemey P. 2011. SPREAD: spatial phylogenetic reconstruction
of evolutionary dynamics. Bioinformatics 27(20):2910-2912
DOI 10.1093/bioinformatics/btr481.

Borzée A, Kim K, Heo K, Jablonski P, Jang Y. 2017. Impact of reclamation and agricultural
water regime on the distribution and conservation status of Dryophytes suweonensis. Peer]
5:e3872 DOI 10.7717/peerj.3872.

Borzée A, Yu SH, Jang Y. 2016. Dryophytes suweonensis (Suweon Treefrog). Herpetological
Review—Geographic Distribution 47:418.

Chen C-C, Li K-W, Yu T-L, Chen L-H, Sheu P-Y, Tong Y-W, Huang K-J, Weng C-F. 2013.
Genetic structure of Bufo bankorensis distinguished by amplified restriction fragment
length polymorphism of cytochrome b. Zoological Studies 52(1):1-9
DOI 10.1186/1810-522x-52-48.

Cheong S, Sung H, Park S. 2008. Inability of mate and species recognition by male Asian toads,
Bufo gargarizans. Animal Cells and Systems 12(2):93-96 DOI 10.1080/19768354.2008.9647160.
Chung C-H. 2007. Vegetation response to climate change on Jeju Island, South Korea, during the
last deglaciation based on pollen record. Geosciences Journal 11(2):147-155
DOI 10.1007/bf02913928.

Diekmann B, Hofmann J, Henrich R, Fiitterer DK, Rohl U, Wei K-Y. 2008. Detrital sediment
supply in the southern Okinawa Trough and its relation to sea-level and Kuroshio dynamics
during the late Quaternary. Marine Geology 255(1-2):83-95
DOI 10.1016/j.margeo.2008.08.001.

Borzée et al. (2017), PeerdJ, DOI 10.7717/peerj.4044 19/25


http://dx.doi.org/10.7717/peerj.4044#supplemental-information
http://dx.doi.org/10.7717/peerj.4044#supplemental-information
http://dx.doi.org/10.7717/peerj.4044#supplemental-information
http://dx.doi.org/10.1007/s10265-012-0488-4
http://dx.doi.org/10.1016/s1040-6182(97)00003-7
http://dx.doi.org/10.1007/s10059-011-0014-x
http://dx.doi.org/10.1093/molbev/mss084
http://dx.doi.org/10.1093/bioinformatics/btr481
http://dx.doi.org/10.7717/peerj.3872
http://dx.doi.org/10.1186/1810-522x-52-48
http://dx.doi.org/10.1080/19768354.2008.9647160
http://dx.doi.org/10.1007/bf02913928
http://dx.doi.org/10.1016/j.margeo.2008.08.001
http://dx.doi.org/10.7717/peerj.4044
https://peerj.com/

Peer/

Drummond AJ, Rambaut A, Shapiro B, Pybus OG. 2005. Bayesian coalescent inference of
past population dynamics from molecular sequences. Molecular Biology and Evolution
22(5):1185-1192 DOI 10.1093/molbev/msil03.

Drummond AJ, Suchard MA, Xie D, Rambaut A. 2012. Bayesian phylogenetics with BEAUti and
the BEAST 1.7. Molecular Biology and Evolution 29(8):1969-1973 DOI 10.1093/molbev/mss075.

Dufresnes C, Litvinchuk SN, Borzée A, Jang Y, Li J-T, Miura I, Perrin N, Stock M. 2016.
Phylogeography reveals an ancient cryptic radiation in East-Asian tree frogs (Hyla japonica
group) and complex relationships between continental and island lineages. BMC Evolutionary
Biology 16(1):253 DOI 10.1186/512862-016-0814-x.

Ehlers J, Gibbard P. 2008. Extent and chronology of Quaternary glaciation. Episodes
31:211-218.

Excoffier L, Laval G, Schneider S. 2005. Arlequin (version 3.0): an integrated software package for
population genetics data analysis. Evolutionary Bioinformatics Online 1:47.

Fairbanks RG. 1989. A 17,000-year glacio-eustatic sea level record: influence of glacial melting
rates on the Younger Dryas event and deep-ocean circulation. Nature 342(6250):637—-642
DOI 10.1038/342637a0.

Ferreira MA, Suchard MA. 2008. Bayesian analysis of elapsed times in continuous-time Markov
chains. Canadian Journal of Statistics 36(3):355-368 DOI 10.1002/cjs.5550360302.

Fu J, Weadick CJ, Zeng X, Wang Y, Liu Z, Zheng Y, Li C, Hu Y. 2005. Phylogeographic analysis
of the Bufo gargarizans species complex: a revisit. Molecular Phylogenetics and Evolution
37(1):202-213 DOI 10.1016/j.ympev.2005.03.023.

Fu Y-X. 1997. Statistical tests of neutrality of mutations against population growth, hitchhiking
and background selection. Genetics 147:915-925.

Galuskin EV, Gazeev VM, Lazic B, Armbruster T, Galuskina 10, Zadov AE, Pertsev NN,
Wrzalik R, Dzierzanowski P, Gurbanov AG. 2009. Chegemite Ca; (SiO4); (OH),—a new
humite-group calcium mineral from the Northern Caucasus, Kabardino-Balkaria, Russia.
European Journal of Mineralogy 21(5):1045-1059 DOI 10.1127/0935-1221/2009/0021-1962.

Garcia-Porta J, Litvinchuk S, Crochet P-A, Romano A, Geniez P, Lo-Valvo M, Lymberakis P,
Carranza S. 2012. Molecular phylogenetics and historical biogeography of the west-palearctic
common toads (Bufo bufo species complex). Molecular Phylogenetics and Evolution
63(1):113-130 DOI 10.1016/j.ympev.2011.12.019.

Gong W, Chen C, Dobes C, Fu C-X, Koch MA. 2008. Phylogeography of a living fossil: Pleistocene
glaciations forced Ginkgo biloba L. (Ginkgoaceae) into two refuge areas in China with limited
subsequent postglacial expansion. Molecular Phylogenetics and Evolution 48(3):1094—-1105
DOI 10.1016/j.ympev.2008.05.003.

Gouy M, Guindon S, Gascuel O. 2010. SeaView version 4: a multiplatform graphical user interface
for sequence alignment and phylogenetic tree building. Molecular Biology and Evolution
27(2):221-224 DOI 10.1093/molbev/msp259.

Haq BU, Hardenbol J, Vail PR. 1987. Chronology of fluctuating sea levels since the Triassic.
Science 235(4793):1156—1167 DOI 10.1126/science.235.4793.1156.

Hase K, Shimada M, Nikoh N. 2012. High degree of mitochondrial haplotype diversity in the
Japanese common toad Bufo japonicus in urban Tokyo. Zoological Science 29(10):702-708
DOI 10.2108/zsj.29.702.

He L, Mukai T, Chu KH, Ma Q, Zhang J. 2015. Biogeographical role of the Kuroshio Current in
the amphibious mudskipper Periophthalmus modestus indicated by mitochondrial DNA data.
Scientific Reports 5(1):15645 DOI 10.1038/srep15645.

Borzée et al. (2017), PeerdJ, DOI 10.7717/peerj.4044 20/25


http://dx.doi.org/10.1093/molbev/msi103
http://dx.doi.org/10.1093/molbev/mss075
http://dx.doi.org/10.1186/s12862-016-0814-x
http://dx.doi.org/10.1038/342637a0
http://dx.doi.org/10.1002/cjs.5550360302
http://dx.doi.org/10.1016/j.ympev.2005.03.023
http://dx.doi.org/10.1127/0935-1221/2009/0021-1962
http://dx.doi.org/10.1016/j.ympev.2011.12.019
http://dx.doi.org/10.1016/j.ympev.2008.05.003
http://dx.doi.org/10.1093/molbev/msp259
http://dx.doi.org/10.1126/science.235.4793.1156
http://dx.doi.org/10.2108/zsj.29.702
http://dx.doi.org/10.1038/srep15645
http://dx.doi.org/10.7717/peerj.4044
https://peerj.com/

Peer/

Heled J, Bouckaert R. 2013. Looking for trees in the forest: summary tree from posterior samples.
BMC Evolutionary Biology 13(1):221 DOI 10.1186/1471-2148-13-221.

Hewitt G. 2000. The genetic legacy of the Quaternary ice ages. Nature 405:907-913.

Hosoda T, Suzuki H, Harada M, Tsuchiya K, Han S-H, Zhang Y-P, Kryukov AP, Lin L-K. 2000.
Evolutionary trends of the mitochondrial lineage differentiation in species of genera Martes and
Mustela. Genes & Genetic Systems 75(5):259—-267 DOI 10.1266/ggs.75.259.

Hu YL, Wu XB, Jiang ZG, Yan P, Su X, Cao SY. 2007. Population genetics and phylogeography of
Bufo gargarizans in China. Biochemical Genetics 45(9-10):697-711.

Ijiri A, Wang L, Oba T, Kawahata H, Huang C-Y, Huang C-Y. 2005. Paleo environmental changes
in the northern area of the East China Sea during the past 42,000 years. Palaeogeography,
Palaeoclimatology, Palaeoecology 219(3—4):239-261 DOI 10.1016/j.palae0.2004.12.028.

Jang Y, Hahm EH, Lee H-J], Park S, Won Y-J, Choe JC. 2011. Geographic variation in
advertisement calls in a tree frog species: gene flow and selection hypotheses. PLOS ONE
6(8):€23297.

Jingtai W, Pinxian W. 1980. Relationship between sea-level changes and climatic fluctuations in
East China since late Pleistocene. Acta Geographica Sinica 35:299-312.

Kass RE, Raftery AE. 1995. Bayes factors. Journal of the American Statistical Association
90:773-795.

Kim J-M, Kennett JP. 1998. Paleoenvironmental changes associated with the Holocene marine
transgression, Yellow Sea (Hwanghae). Marine Micropaleontology 34(1-2):71-89
DOI 10.1016/s0377-8398(98)00004-8.

Kim SI, Park SK, Lee H, Oshida T, Kimura J, Kim Y], Nguyen ST, Sashika M, Min MS. 2013.
Phylogeography of Korean raccoon dogs: implications of peripheral isolation of a forest
mammal in East Asia. Journal of Zoology 290(3):225-235 DOI 10.1111/jz0.12031.

Knowles LL. 2001. Did the Pleistocene glaciations promote divergence? Tests of explicit refugial
models in montane grasshopprers. Molecular Ecology 10(3):691-701
DOI 10.1046/j.1365-294x.2001.01206.x.

Koh HS, Kryukov A, Oh JG, Bayarkhagva D, Yang BG, Ahn NH, Bazarsad D. 2014. Two
sympatric phylogroups of the Asian badger Meles leucurus (Carnivora: Mammalia) identified by
mitochondrial DNA cytochrome b gene sequences. Russian Journal of Theriology 13(1):1-8
DOI 10.15298/rusjtheriol.13.1.01.

Komaki S, Igawa T, Lin SM, Tojo K, Min MS, Sumida M. 2015. Robust molecular phylogeny and
palaeodistribution modelling resolve a complex evolutionary history: glacial cycling drove
recurrent mtDNA introgression among Pelophylax frogs in East Asia. Journal of Biogeography
42(11):2159-2171 DOI 10.1111/jbi.12584.

Kong WS. 2000. Vegetational history of the Korean Peninsula. Global Ecology and Biogeography
9(5):391-402 DOI 10.1046/j.1365-2699.2000.00203 .x.

Kukla G. 2005. Saalian supercycle, Mindel/Riss interglacial and Milankovitch’s dating. Quaternary
Science Reviews 24(14-15):1573-1583 DOI 10.1016/j.quascirev.2004.08.023.

Kumar S, Stecher G, Tamura K. 2016. MEGA7: molecular evolutionary genetics analysis
version 7.0 for bigger datasets. Molecular Biology and Evolution 33(7):1870-1874
DOI 10.1093/molbev/msw054.

Kuzmin S, Yuezhao W, Matsui M, Kaneko Y, Maslova 1. 2004. Bufo gargarizans.

The IUCN Red List of Threatened Species . T54647A11180910
DOI 10.2305/iucn.uk.2004.1lts.t54647a11180910.en.

Borzée et al. (2017), PeerdJ, DOI 10.7717/peerj.4044 21/25


http://dx.doi.org/10.1186/1471-2148-13-221
http://dx.doi.org/10.1266/ggs.75.259
http://dx.doi.org/10.1016/j.palaeo.2004.12.028
http://dx.doi.org/10.1016/s0377-8398(98)00004-8
http://dx.doi.org/10.1111/jzo.12031
http://dx.doi.org/10.1046/j.1365-294x.2001.01206.x
http://dx.doi.org/10.15298/rusjtheriol.13.1.01
http://dx.doi.org/10.1111/jbi.12584
http://dx.doi.org/10.1046/j.1365-2699.2000.00203.x
http://dx.doi.org/10.1016/j.quascirev.2004.08.023
http://dx.doi.org/10.1093/molbev/msw054
http://dx.doi.org/10.2305/iucn.uk.2004.rlts.t54647a11180910.en
http://dx.doi.org/10.7717/peerj.4044
https://peerj.com/

Peer/

Lanfear R, Calcott B, Simon YW, Guindon S. 2012. PartitionFinder: combined selection of
partitioning schemes and substitution models for phylogentic analyses. Molecular Phylogenetics
and Evolution 28(6):1695—-1701 DOI 10.1093/molbev/mss020.

Larkin MA, Blackshields G, Brown N, Chenna R, McGettigan PA, McWilliam H, Valentin F,
Wallace IM, Wilm A, Lopez R. 2007. Clustal W and Clustal X version 2.0. Bioinformatics
23(21):2947-2948 DOI 10.1093/bioinformatics/btm404.

Lee EJ, Jhun JG, Park CK. 2005. Remote connection of the northeast Asian summer rainfall
variation revealed by a newly defined monsoon index. Journal of Climate 18(21):4381-4393
DOI 10.1175/jcli3545.1.

Lemey P, Rambaut A, Drummond AJ, Suchard MA. 2009. Bayesian phylogeography finds its
roots. PLOS Computational Biology 5(9):1000520 DOI 10.1371/journal.pcbi.1000520.

Lemey P, Rambaut A, Welch JJ, Suchard MA. 2010. Phylogeography takes a relaxed random walk
in continuous space and time. Molecular Biology and Evolution 27(8):1877-1885
DOI 10.1093/molbev/msq067.

Liu J, Saito Y, Wang H, Zhou L, Yang Z. 2009. Stratigraphic development during the late
Pleistocene and Holocene offshore of the Yellow River delta, Bohai Sea. Journal of Asian Earth
Sciences 36(4-5):318-331 DOI 10.1016/j.jseaes.2009.06.007.

Liu W, Lathrop A, Fu J, Yang D, Murphy RW. 2000. Phylogeny of East Asian bufonids inferred
from mitochondrial DNA sequences (Anura: Amphibia). Molecular Phylogenetics and Evolution
14(3):423-435 DOI 10.1006/mpev.1999.0716.

Lomolino M, Riddle B, Whittaker R, Brown J. 2010. Biogeography. Chicago: The University of
Chicago Press.

Macey JR, Schulte JA, Larson A, Fang Z, Wang Y, Tuniyev BS, Papenfuss TJ. 1998. Phylogenetic
relationships of toads in the Bufo bufo species group from the Eastern Escarpment of the
Tibetan Plateau: a case of vicariance and dispersal. Molecular Phylogenetics and Evolution
9(1):80-87 DOI 10.1006/mpev.1997.0440.

Matsui M. 2014. Description of a new brown frog from Tsushima Island, Japan (Anura: Ranidae:
Rana). Zoological Science 31(9):613—620 DOI 10.2108/zs140080.

Miller MA, Pfeiffer W, Schwartz T. 2010. Creating the CIPRES science gateway for inference of
large phylogenetic trees. In: Gateway Computing Environments Workshop (GCE). Piscataway:
IEEE, 1-8.

Millien-Parra V, Jaeger JJ. 1999. Island biogeography of the Japanese terrestrial mammal
assemblages: an example of a relict fauna. Journal of Biogeography 26(5):959-972
DOI 10.1046/j.1365-2699.1999.00346.x.

Min M-S, Baek H, Song J-Y, Chang M, Poyarkov N Jr. 2016. A new species of salamander of
the genus Hynobius (Amphibia, Caudata, Hynobiidae) from South Korea. Zootaxa
4169(3):475-503 DOI 10.11646/zootaxa.4169.3.4.

Min M-S, Park SK, Che J, Park DS, Lee H. 2008. Genetic diversity among local populations of the
gold-spotted pond frog, Rana plancyi chosenica (Amphibia: Ranidae), assessed by
mitochondrial cytochrome b gene and control region sequences. Animal Systematics, Evolution
and Diversity 24(1):25-32 DOI 10.5635/kjsz.2008.24.1.025.

Miiller UG, Pross J, Bibus E. 2003. Vegetation response to rapid climate change in Central Europe
during the past 140,000 yr based on evidence from the Fiiramoos pollen record. Quaternary
Research 59(2):235-245 DOI 10.1016/s0033-5894(03)00005-x.

Oba T, Kato M, Kitazato H, Koizumi I, Omura A, Sakai T, Takayama T. 1991.
Paleoenvironmental changes in the Japan Sea during the last 85,000 years. Paleoceanography
6(4):499-518 DOI 10.1029/91pa00560.

Borzée et al. (2017), PeerdJ, DOI 10.7717/peerj.4044 22/25


http://dx.doi.org/10.1093/molbev/mss020
http://dx.doi.org/10.1093/bioinformatics/btm404
http://dx.doi.org/10.1175/jcli3545.1
http://dx.doi.org/10.1371/journal.pcbi.1000520
http://dx.doi.org/10.1093/molbev/msq067
http://dx.doi.org/10.1016/j.jseaes.2009.06.007
http://dx.doi.org/10.1006/mpev.1999.0716
http://dx.doi.org/10.1006/mpev.1997.0440
http://dx.doi.org/10.2108/zs140080
http://dx.doi.org/10.1046/j.1365-2699.1999.00346.x
http://dx.doi.org/10.11646/zootaxa.4169.3.4
http://dx.doi.org/10.5635/kjsz.2008.24.1.025
http://dx.doi.org/10.1016/s0033-5894(03)00005-x
http://dx.doi.org/10.1029/91pa00560
http://dx.doi.org/10.7717/peerj.4044
https://peerj.com/

Peer/

Ota H. 1998. Geographic patterns of endemism and speciation in amphibians and reptiles of the
Ryukyu Archipelago, Japan, with special reference to their paleogeographical implications.
Researches on Population Ecology 40(2):189-204 DOI 10.1007/bf02763404.

Ota H, Honda M, Chen SL, Hikida T, Panha S, Oh HS, Matsui M. 2002. Phylogenetic
relationships, taxonomy, character evolution and biogeography of the lacertid lizards of the
genus Takydromus (Reptilia: Squamata): a molecular perspective. Biological Journal of the
Linnean Society 76(4):493-509 DOI 10.1046/j.1095-8312.2002.00084.x.

Paradis E, Claude J, Strimmer K. 2004. APE: analyses of phylogenetics and evolution in
R language. Bioinformatics 20(2):289-290 DOI 10.1093/bioinformatics/btg412.

Park Y, Khim B, Zhao S. 1994. Sea level fluctuation in the Yellow Sea Basin. Journal of the Korean
Society of Oceanography 29:42—49.

Qi X-S, Yuan N, Comes HP, Sakaguchi S, Qiu Y-X. 2014. A strong ‘filter’ effect of the East China
Sea land bridge for East Asia’s temperate plant species: inferences from molecular
phylogeography and ecological niche modelling of Platycrater arguta (Hydrangeaceae). BMC
Evolutionary Biology 14(1):41 DOI 10.1186/1471-2148-14-41.

Qu Y, Zhang R, Quan Q, Song G, Li SH, Lei F. 2012. Incomplete lineage sorting or secondary
admixture: disentangling historical divergence from recent gene flow in the Vinous-throated
parrotbill (Paradoxornis webbianus). Molecular Ecology 21(24):6117-6133
DOI 10.1111/mec.12080.

Rambaut A, Drummond AJ. 2007. Tracer ver. 1.4. Program. Available at http://tree.bio.ed.ac.uk/
software/tracer/.

Ramos-Onsins SE, Rozas J. 2000. Statistical properties of new neutrality tests against
population growth. Molecular Biology and Evolution 19(12):2092-2100
DOI 10.1093/oxfordjournals.molbev.a004034.

Ray N, Currat M, Excoffier L. 2003. Intra-deme molecular diversity in spatially expanding
populations. Molecular Biology and Evolution 20(1):76-86 DOI 10.1093/molbev/msg009.

Rogers AR, Harpending H. 1992. Population growth makes waves in the distribution of pairwise
genetic differences. Molecular Biology and Evolution 9(3):552-569
DOI 10.1093/oxfordjournals.molbev.a040727.

Ronquist F, Huelsenbeck JP. 2003. MrBayes 3: Bayesian phylogenetic inference under mixed
models. Bioinformatics 19(12):1572-1574 DOI 10.1093/bioinformatics/btg180.

Rozas J, Sanchez-DelBarrio JC, Messeguer X, Rozas R. 2003. DnaSP, DNA polymorphism
analyses by the coalescent and other methods. Bioinformatics 19(18):2496-2497
DOI 10.1093/bioinformatics/btg359.

Ryu E, Lee S-J, Yang D-Y, Kim J-Y. 2008. Paleoenvironmental studies of the Korean peninsula
inferred from diatom assemblages. Quaternary International 176:36—45
DOI 10.1016/j.quaint.2007.05.015.

Salzburger W, Ewing GB, Von Haeseler A. 2011. The performance of phylogenetic algorithms in
estimating haplotype genealogies with migration. Molecular Ecology 20(9):1952-1963
DOI 10.1111/j.1365-294x.2011.05066.x.

Schweitzer F. 2004. On the possibility of cyclic recurrence of ice ages during the Neogene.
Geographical Bulletin 53:5-11.

Silvestro D, Michalak I.2012. raxmlGUI: a graphical front-end for RAXML. Organisms Diversity
& Evolution 12:335-337.

Slatkin M, Hudson RR. 1991. Pairwise comparisons of mitochondrial DNA sequences in stable
and exponentially growing populations. Genetics 129:555-562.

Borzée et al. (2017), PeerdJ, DOI 10.7717/peerj.4044 23/25


http://dx.doi.org/10.1007/bf02763404
http://dx.doi.org/10.1046/j.1095-8312.2002.00084.x
http://dx.doi.org/10.1093/bioinformatics/btg412
http://dx.doi.org/10.1186/1471-2148-14-41
http://dx.doi.org/10.1111/mec.12080
http://tree.bio.ed.ac.uk/software/tracer/
http://tree.bio.ed.ac.uk/software/tracer/
http://dx.doi.org/10.1093/oxfordjournals.molbev.a004034
http://dx.doi.org/10.1093/molbev/msg009
http://dx.doi.org/10.1093/oxfordjournals.molbev.a040727
http://dx.doi.org/10.1093/bioinformatics/btg180
http://dx.doi.org/10.1093/bioinformatics/btg359
http://dx.doi.org/10.1016/j.quaint.2007.05.015
http://dx.doi.org/10.1111/j.1365-294x.2011.05066.x
http://dx.doi.org/10.7717/peerj.4044
https://peerj.com/

Peer/

Smith MA, Green DM. 2005. Dispersal and the metapopulation paradigm in amphibian
ecology and conservation: are all amphibian populations metapopulations? Ecography
28(1):110-128 DOI 10.1111/j.0906-7590.2005.04042.x.

Stamatakis A. 2014. RAXML version 8: a tool for phylogenetic analysis and post-analysis of large
phylogenies. Bioinformatics 30(9):1312—1313 DOI 10.1093/bioinformatics/btu033.

Stock M, Dubey S, Klutsch C, Litvinchuk SN, Scheidt U, Perrin N. 2008. Mitochondrial
and nuclear phylogeny of circum-Mediterranean tree frogs from the Hyla arborea group.
Molecular Phylogenetics and Evolution 49(3):1019-1024 DOI 10.1016/j.ympev.2008.08.029.

Stock M, Dufresnes C, Litvinchuk SN, Lymberakis P, Biollay S, Berroneau M, Borzee A,
Ghali K, Ogielska M, Perrin N. 2012. Cryptic diversity among Western Palearctic tree frogs:
postglacial range expansion, range limits, and secondary contacts of three European tree frog
lineages (Hyla arborea group). Molecular Phylogenetics and Evolution 65(1):1-9
DOI 10.1016/j.ympev.2012.05.014.

Stock M, Moritz C, Hickerson M, Frynta D, Dujsebayeva T, Eremchenko V, Macey JR,
Papenfuss TJ, Wake DB. 2006. Evolution of mitochondrial relationships and biogeography of
Palearctic green toads (Bufo viridis subgroup) with insights in their genomic plasticity.
Molecular Phylogenetics and Evolution 41(3):663—689 DOI 10.1016/j.ympev.2006.05.026.

Swofford DL. 2003. PAUP*. Phylogenetic Analysis Using Parsimony (* and Other Methods).
Version 4. Suderland: Sinauer Associates.

Tajima F. 1989. Statistical method for testing the neutral mutation hypothesis by DNA
polymorphism. Genetics 123:585-595.

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. 2013. MEGA6: molecular evolutionary
genetics analysis version 6.0. Molecular Biology and Evolution 30(12):2725-2729
DOI 10.1093/molbev/mst197.

Vasil’ev S. 2001. Man and mammoth in Pleistocene Siberia. The world of elephants. In:
Proceedings of the First International Congress. Rome: Consiglio Nazionale delle Ricerche,
363-366.

Veith M, Kosuch J, Vences M. 2003. Climatic oscillations triggered post-Messinian speciation of
Western Palearctic brown frogs (Amphibia, Ranidae). Molecular Phylogenetics and Evolution
26(2):310-327 DOI 10.1016/s1055-7903(02)00324-x.

Vences M, Vieites DR, Glaw F, Brinkmann H, Kosuch J, Veith M, Meyer A. 2003. Multiple
overseas dispersal in amphibians. Proceedings of the Royal Society of London B: Biological Sciences
270(1532):2435-2442 DOI 10.1098/rspb.2003.2516.

Walker M, Johnsen S, Rasmussen SO, Popp T, Steffensen JP, Gibbard P, Hoek W, Lowe J,
Andrews J, Bjorck S. 2009. Formal definition and dating of the GSSP (Global
Stratotype Section and Point) for the base of the Holocene using the Greenland NGRIP
ice core, and selected auxiliary records. Journal of Quaternary Science 24(1):3-17
DOI 10.1002/jgs.1227.

Wang B, LinHo LH. 2002. Rainy season of the Asian-Pacific summer monsoon. Journal of Climate
15(4):386—398 DOI 10.1175/1520-0442(2002)015<0386:rsotap>2.0.co;2.

Xie C, Jian Z, Zhao Q. 1995. Paleogeographic Maps of the China Seas at the Last Glacial Maximum
in WESTPAC Paleogeographic Maps 75. Shanghai: UNESCO/IOC Publications.

Yan F, Zhou W, Zhao H, Yuan Z, Wang Y, Jiang K, Jin J, Murphy RW, Che J, Zhang Y. 2013.
Geological events play a larger role than Pleistocene climatic fluctuations in driving the genetic
structure of Quasipaa boulengeri (Anura: Dicroglossidae). Molecular Ecology 22(4):1120-1133
DOI 10.1111/mec.12153.

Borzée et al. (2017), PeerdJ, DOI 10.7717/peerj.4044 24/25


http://dx.doi.org/10.1111/j.0906-7590.2005.04042.x
http://dx.doi.org/10.1093/bioinformatics/btu033
http://dx.doi.org/10.1016/j.ympev.2008.08.029
http://dx.doi.org/10.1016/j.ympev.2012.05.014
http://dx.doi.org/10.1016/j.ympev.2006.05.026
http://dx.doi.org/10.1093/molbev/mst197
http://dx.doi.org/10.1016/s1055-7903(02)00324-x
http://dx.doi.org/10.1098/rspb.2003.2516
http://dx.doi.org/10.1002/jqs.1227
http://dx.doi.org/10.1175/1520-0442(2002)015%3C0386:rsotap%3E2.0.co;2
http://dx.doi.org/10.1111/mec.12153
http://dx.doi.org/10.7717/peerj.4044
https://peerj.com/

Peer/

Yi S, Kim S-J. 2010. Vegetation changes in western central region of Korean Peninsula during the
last glacial (ca. 21.1-26.1 cal kyr BP). Geosciences Journal 14(1):1-10
DOI 10.1007/s12303-010-0001-9.

Yoshikawa N, Matsui M, Nishikawa K, Kim J-B, Kryukov A. 2008. Phylogenetic relationships and
biogeography of the Japanese clawed salamander, Onychodactylus japonicus (Amphibia:
Caudata: Hynobiidae), and its congener inferred from the mitochondrial cytochrome b gene.
Molecular Phylogenetics and Evolution 49(1):249-259 DOI 10.1016/j.ympev.2008.07.016.

Yu T-L, Lin H-D, Weng C-F. 2014. A new phylogeographic pattern of endemic Bufo bankorensis
in Taiwan Island is attributed to the genetic variation of populations. PLOS ONE 9(5):¢98029
DOI 10.1371/journal.pone.0098029.

Yu Y, Harris AJ, Blair C, He X. 2015. RASP (Reconstruct Ancestral State in Phylogenies): a tool for
historical biogeography. Molecular Phylogenetics and Evolution 87:46—49
DOI 10.1016/j.ympev.2015.03.008.

Zhan A, Fu J. 2011. Past and present: phylogeography of the Bufo gargarizans species complex
inferred from multi-loci allele sequence and frequency data. Molecular Phylogenetics and
Evolution 61(1):136-148 DOI 10.1016/j.ympev.2011.06.009.

Zhang H, Yan J, Zhang G, Zhou K. 2008. Phylogeography and demographic history of Chinese
black-spotted frog populations (Pelophylax nigromaculata): evidence for independent refugia

expansion and secondary contact. BMC Evolutionary Biology 8(1):21
DOI 10.1186/1471-2148-8-21.

Borzée et al. (2017), PeerdJ, DOI 10.7717/peerj.4044 25/25


http://dx.doi.org/10.1007/s12303-010-0001-9
http://dx.doi.org/10.1016/j.ympev.2008.07.016
http://dx.doi.org/10.1371/journal.pone.0098029
http://dx.doi.org/10.1016/j.ympev.2015.03.008
http://dx.doi.org/10.1016/j.ympev.2011.06.009
http://dx.doi.org/10.1186/1471-2148-8-21
https://peerj.com/
http://dx.doi.org/10.7717/peerj.4044

	Phylogeographic and population insights of the Asian common toad (Bufo gargarizans) in Korea and China: population isolation and expansions as response to the ice ages ...
	Introduction
	Materials and Methods
	Results
	flink4
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


