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Jolly-Seber model 106 108 8
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Batrachochytrium dendrobatidis

820

 

820

 b cytochrome b  DNA

820

10,000

25,000

cytochrome b

0.5 0.5%

cytochrome b 367.5

95% 117 702

276.8 95% 35 607
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106 95%

277.6  

2018

3 2019 3 820

5~9 7~8 9

820

 

11.5 ± 1.30

8.99 ± 2.63 8.20 ± 1.97

63.43 ± 12.42 / 56.63 ± 6.92 /

54.67 ± 8.19 / t-test

( )

105 18S 28S RNA DNA PCR

 

vomer bones branchial 

skeleton

hind phalangeal 

formula  820

2017 2019 4 820 199

97 MARK 107 820 2-5
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7.3 385 95% 276 537

180 95% 88 368
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 climate oscillation

steep elevation gradient

Morueta-Holme et al., 2015; Pereira et al., 2016; 

Stewart et al., 2016 3,000

268

zoogeography

 

 1960 DNA

Avise, 1974; Aris-Brosou and 

Rodrigue, 2019

Hare, 2001; 

Zhang and Hewitt, 2003

comparative phylogeography Bermingham and Moritz, 1998; Avise, 

2000

refugium

recolonization evolutionary history

Schneider et al., 1998; Riddle et al., 2001

Callosciurus 

erythraeus Oshida et al., 2006 Rana sauteri 1994
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Rhacophorus moletrechti 1997 Rana limnocharis Toda 

et al., 1998 Sylvirana latouchii Jang-Liaw et al., 2008

Buergeria robusta Lin et al., 2012 Japalura 

swinhonis 1994 Rhodeus ocellatus

Tanakia himantegus Pseudorasbora parva Aphyocypris 

kikuchii Lin et al., 2008 Spinibarbus hollandi

Onychostoma barbatulus 2001

 

Sphenomorphus taiwanensis

2002 Anourosorex squamipes 2003

 

 

 

 Caudata

1 4,000 2

10 m 3

Martinez-Solano et 

al. 2007 Batrachoseps attenuates

 

 2016 Matsunami et al. Hynobius

Pereira et al. 2016

fire salamander

fire salamander
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2007 DNA DNA

 

 

 

 Amphibia Caudata Hynobiidae

31

Lai and Lue 2008 5

Hynobius fuca H. formosanus H. sonani

H. glacialis H. arisanensis

1,300 2,300 2010

2,300 2,900 2016
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2,600 3,100

3,200 3,400 2016

1,800 3,600 2016

 

 2016

A 2,500

2,700

B  
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2018

 

 

 A

B
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 22 cytochrome b 1141 

bp 10 cytochrome b 19

cytochrome b NCBI 2008

cytochrome b 784 bp 5

2 4 10 9

hynobius leechii hynobius chinensis

hynobius nebulosus hynobius amjiensis cytochrome b 784 

bp 784 bp Maximum Likelihood

bootstrap

99% 87%

 

 

 stress

Kukita et al., 2015

Peterman and Semlitsch, 

2013

Catenazzi, 2016
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Maximum Likelihood  * bootstrap

90%  
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 chytridiomycosis Batrachochytrium dendrobatidis

Bd 1997 2015 42%

Zhu et al., 2014

fungus

postmetamorphic susceptible

hyperkeratosis, 

electrolyte and osmotic imbalances Zhu et al., 2014

4 - 25oC 30oC 4oC

Bradley et al., 2017

1994 2003 Hynobius 

formosanus 2001 Hynobius arisanensis

 

 

 

  

cytochrome b  
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 92,000 

 2004

cytochrome b

 7.7  0  2,000 

mm  

 

   

 

1. 820

visible implant elastomer tags VIE pH 7.0

MS-222 Tricaine Methanesulfonate MS-222 30

0.2-0.5 g/L larvae stage 0.8-1 g/L

5 25 45

righting-reflex) SWAB

 

2. 

VIE-tag mark

recapture VIE-tag
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30%

ANOVA  

3. MARK 820

Jolly-Seber model POPAN 

formulation parameter survival probabilities, 

Φ, phi probability of capture, p AICc model

N  

 

HOBO HOBO

Onset® 3 8

820

2016

pH EC ORP

Turbidimeter Thermo Scientific

BOD

TSI professtional pH/ORP/EC pH

(Aurora Model 1030 OI Analytical) total organic carbon, TOC

DIONEX AQUION Thermo Scientific

5110 ICP-OES Agilent Technologies  
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ES-100VX MiniDoppler® Vascular 

Ultrasound Doppler Testo 

885-1 Thermal Imager Testo SE & Co. KGaA

 

  

PCR nested PCR assay

Goka et al., 2009; Zhu et al., 2014 18S 5.8S 28S ribosomal RNA

PCR NCBI JECL197

18S Bd18SF1 5’-TTTGTACACACCGCC 

CGTCGC-3’ 28S Bd28SR1 5’-ATATGCTTAAGTTCAG 

CGGG-3’ PCR outer pair PCR

28S 5.8S 18S DNA ITS1 ITS2

PCR second pair of primers Bd1a 5’-CAGTGTGCCAT 

ATGTCACG-3’ Bd2a 5’-CATGGTTCATATCTGTCCAG- 3’

5.8S DNA PCR 5.8S DNA

agarose

PCR  

 

Hess et al. 2016

(1) 

(2) 4oC

16oC

30

MS-222(0.8 mg/1L ) 0.4 mg/1L 

MS-222
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micro-computed tomography SKYSCAN 1076 micro-CT

3D CTVOX BRUKER

 

DNA  

DNA  

 107 108 95% Wizard® 

Genomic DNA Purification Kit Promega USA  DNA

10-20 500 μL Nuclei Lysis Solution 120 μL 0.5M EDTA 

pH 8.0  Sigma-Aldrich USA 17.5 μL Proteinase K 20mg/ml  

Sigma-Aldrich USA 55-60 12-14 3 μL RNase A 

4 mg/ml 37 20 200 μL Protein Precipitation Solution

15 14,000 rpm 4 10

Isopropanol DNA  70% DNA DNA 

Rehydration solution Multiskan™ GO 

Microplate Spectrophotometer Thermo Scientific™ USA DNA  

Polymerase chain reaction PCR DNA  

 b cytochrome b CYTB NCBI

NC008084.1 ND6 HT 

cytb L 14014 5'-ACAAACAGCCGCCAACACTAA-3' tRNA-Thr tRNA-Pro

HT cytb H 15444 5'-GAGAGGCCTGGAAGAAATGGA-3'

1,400 1,500 bp PCR Advantage® 2 Polymerase Mix

Takara Bio Japan 25 μL 10mM Tris-HCl pH 8.5

50 mM KCl 2mM MgCl2 0.2 μM dNTP 0.4μM DNA 1/50

50X Advantage 2 Polymerase Mix PCR 94

4 94 45 61 45 68 1 40

32 68 10 PCR 1.2% /0.5X TBE
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b  

 PCR GenepHlow™ Gel/PCR Kit (Geneaid Taiwan)

3730xl DNA (Applied Biosystems™ USA)

DNA EditSeq (DNASTAR Inc.)

b MegAlign 7.1.0

DNASTAR Inc. Clustal V method

 

 

 cytochrome b 1,141 bp

NCBI

hynobius leechii hynobius chinensis hynobius amjiensis

Hynobius tokyoensis Hynobius nebulosus

cytochrome b MEGA 10.0.5 molecular evolution 

genetics analysis  General Time Reversible Maximum 

Likelihood 1000 Bootstrap

Bootstrap value  

 

cytochrome b jModeltest Akaike information 

criterion (AIC) value HKY+G+I model BEAST 2.5

MCMC Weirsrock et al. 2001  

1.28 % 0.0128 mutaions/site/Myr 1x107 1,000

10% TRACER
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MegAlign DNA DnaSP 

6.12.03 Arlequin 3.5.2.2 Tajima's D test Fu’s FS test

DnaSP 6.12.03 Hd

π  

 

MEGA 10.0.5 Maximum 

Likelihood Hynobius leechii

Hynobius chinensis hynobius amjiensis Hynobius nebulosus

Chen 29 Hynobius 

tokyoensis 8.6 – 12.6 Myr Chen et al, 2015

Maximum Relative Rate Ratio 20 Reltime-ML method
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 107 820

730

107 108

105 5 105 9

730

820 107 108

 

 105 107

107

107 108 107 5

9 108 6

5

DNA cytochrome b

100 2 bootstrap 99%

30% ANOVA



18 
 

P<0.05 30%

 

 107 4 ~ 10K

107  

108 820

107 10

108 3 820

8 6.7

1.5 5.3

5

b  
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  VIE-tag  

2018/3/6 
- 
2018/3/7 

 
820  

 9  
 

VIE-tag  9  
 

2018/4/12 
- 
2018/4/15 

 
820  

8  

 13  
 1  

 
VIE-tag  12  

 
2018/4/21 
- 
2018/4/24 

730 13~19K 
5  
 

VIE-tag  5  

2018/5/14 
- 
2018/5/16 

4~10 K 
 

 21  
 

VIE-tag  21  

2018/5/31 
- 
2018/6/1 

  5  
 

2018/6/8 
- 
2018/6/9 

 
820  

57  
 

2018/7/21 
- 
2018/7/26 

 
 

 
 

 

26 1  
VIE-tag  24  

2018/8/3 
- 
2018/8/5 

 
820  

22 3  
VIE-tag  19  

2018/8/11 
- 
2018/8/17 

 
 

 
 

  

16 1  
VIE-tag  15  

8  

2018/9/1 
- 
2018/ 9/4 

 1 1  
2  

2018/9/25 
- 
2018/9/28 

 2  
1  

2018/10/22 
- 
2018/10/25 

 
820  

18 2  
VIE-tag  16  

1  
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  VIE-tag  

2018/12/4 
- 
2018/12/6 

 
820  

1  
 

VIE-tag 1  
 

 

2019/2/13 
- 
2019/2/16 

 
 

 

3  
 

VIE-tag 3  
 

2019/3/14 
- 
2019/3/17 

 
820  

17  
 

VIE-tag  15  
 

 

2019/4/30 
- 
2019/5/3 

 
820  

45  
 

VIE-tag  
 

2019/6/3 
- 
2019/6/5 

 
820  

28  
 

VIE-tag 16  
 

2019/6/18 
- 
2019/6/20 

 
820  

29  
 

VIE-tag 11  
 

2019/7/1 
- 
2019/7/7 

 
 

 
  

22  
 

VIE-tag 21  
 

 
2019/7/22 
- 
2019/7/26 

 
820  

16  
 

VIE-tag 14  
2019/8/26 
- 
2019/8/29 

 
2  
 

VIE-tag 2  

2019/9/9 
- 
2019/9/16 

 
 

 
  

28  
 

VIE-tag 25  
 

 
2019/10/3 
- 
2019/10/5 

 
820  

18 3  
 

VIE-tag 15  
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30% ANOVA P<0.05 * BG
formosanus glacialis

sononi  
 

 
820 a  4

4.8 3.3
b  5

5 4.7 c d  
assign

5  
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DNA 26 cytochrome b

haplotype 10 30  

 

 

 /     

 8    6 

730  13K ~ 19K   5 

   1 

   2 

   27 

820    120 

4K ~ 10K   12 

    1 

 9.8K   1 

   8 

    1 

   9 

 820    91 

    16 

    27 

   4 

   25 

 

cytochrome b  

 cytochrome b 1,141 bp
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74 NCBI

Hynobius leechii Hynobius chinensis Hynobius 

amjiensis Hynobius tokyoensis Hynobius nebulosus

cytochrome b

cytochrome b  

 5

Clade  

1

F-I 2

F-II 3 730 F-III

4 F-IV 4

bootstrap

99% 108

1 cytochrome b

 

 

bootstrap value = 81%

cytochrome b HSN20-24 S-II
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2017

820  

 

6 3

107 5 9 108 6

5 cytochrome b

bootstrap value = 98%

G-I  

 107 10 108 820 6.1K

5

DNA cytochrome b 

bootstrap value 

= 95% HGN8-HGN10  

 

820
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b 1,141 bps

MEGA 10.0.5 Maximum Likelihood General 

Time Reversible log likelihood  
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cytochrome b

 10,000

25,000
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cytochrome b

Bayesian skyline plot

logarithmic scale

95% a  b  c   
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Tajima's D test Fu’s FS test Hd π

 

Tajima's D Fu's FS -1.33617, 

-7.21706

directional selection

 

Hd 0.5  

Hd  0.5

π 0.05% Avise, 2000

 

  



31 
 

 

     

Sample size 6 40 66 104 

Tajima's D test 

Tajima's D 1.03194 -0.15256 -1.33617 -0.58432 

P-value 0.858 0.493 0.066* 0.302 

Fu's FS test 

Fu's FS 1.7231 -0.34589 -7.21706 -0.8157 

P-value 0.774 0.479 0.034* 0.479 

*p<0.05     

 

Hd π  

   Hd  π  

 

 
6 2 0.533 ± 0.172 0.00094 ± 0.0003 

 40 10 0.79 ± 0.045 0.00295 ± 0.00043 

 66 30 0.897 ± 0.026 0.00734 ± 0.00153 

 104 26 0.838 ± 0.027 0.00817 ± 0.00052 
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Chen 2015 29 Hynobius 

tokyoensis 8.6 – 12.6 Myr Chen et al, 2015

MEGA 10.0.5 Reltime method

  

152 367.5

95% 117 702

276.8 125 95% 35 607

106 113 95%

277.6

100 124 95% 323.7

 

cytochrome b  
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cytochrome b

 
 

 
cytochrome b

95%
95%  
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105

HOBO

3 8 105 106 

820 HOBO

HOBO  
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HOBO  

 
 

    

 JRO  
MX2301  1 

UA-002-64  1 

 JRB 
 

 
MX2301  1 

 SGL  UA-002-64  1 

 NH  
MX2301  1 

UA-002-64  1 

 HH 
 

 

UA-002-64  6 * 

MX2301  4 

 WL  

MX2301  1 

UA-002-64  1 

* UA-002-64 6 4  
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HOBO n=5  

/
/  

 
HOBO n=2  

/ /
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HOBO  n=10  

HOBO 820 /
/

/ 4 2
0.6 K 1.3K 4.4K 2.7K /

6 4  
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1.  

 

2017 11 2019 9

23 -5.45 ~ 34.25

2.89 ~ 13.16 2018 1  -5.45 

34.25 2019 7  

 

 

RH% 99.98% RH% 2018

3  30.40 % RH%  79.58 ~ 

98.21 %  

 

458.3   Lux  2581.5

2018 4 2018 10

RH%

RH%

RH% RH%

 

RH%

5-8 3-5

RH%  
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n = 2 2017

11 2019 9  

 

 

 n = 1 2017

11 2019 9  
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2.  

 

2017 11 2019 9

2018 1 3 5

10.39 ± 0.66

15.57

19.39 2019 2018

2018  

 

 

2017 11 2018 8

78.42 ~ 98.73 % 99.98% RH%

  2 ~ 5 RH%

2018 2~ 5

 

 
n = 1 2017 11

2019 9  
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 n = 1 2017 11

2018 8  
 

3.  

2017 11 2019 9 6.56 ~ 15.32

2018 4 31.17 2018 1 -1.34

2018 4

5194.7 2062.48  

 

n = 

2 2017 11 2019 9  
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n = 1  

 

4.  

2017 9 2019 9 25

 2.16 ~ 17.11 2019 8 32.0  

-11.51  2018 1 9

1 2  

2017 9 2019 9

99.98 % RH % 70.39 ±13.91 % RH % 2018 8

RH% 2018 8

RH% 20% - 40% 8 RH% 40% - 60%  

8 9

2018 2 7

2019 2 7  
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n=2 2017 9 2019

9  
 

 

n=2 2017 9 2019

9  

 

4.  

2017 8 15,000

3 2018 5 10,000

2019 4
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UA-002-64

2017 8

 

3 8

30-40 10-20 40-60 %  

 

n=1 2017 8 2019 4  

 

 
n=1  
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5.

 

HOBO 820

ArcGIS 820

5 HOBO  3

UA-002-64 2 MX2301 10

 

10 2

2 8  4 UA-002-64 4 MX2301

5  4.4K 2.7K 3

 0.6 K 1.3K  

 

820 2018 7

2019 2 3

99% 6 9 6

 

820

3 4 3

10 5 6

8 7

2019 3 4 2018

3 2018 5

2018

820  
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 820

820 HOBO 2018-2019

multiple linear regression model

 

 

 HOBO 4

2018 3 2019 4 14

4

p 0.05  

 2017 7

2019 4 22 /

linear regression model

lux p=0.006

R 0.09

9  

820

820
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820
 

 

n  

RH % RH % RH % Lux  

        

2 2 2 2 2 2 1 3 

2017   - - - - - - - 1153.65 

  - - - - - - 1584.90  701.27 

  - - - - - - 1263.30  595.93 

  - - - - - -  674.90  326.33 

  - - - - - -  567.70  189.70 

  - - - - - -  332.80  223.33 

2018   - - - - - -  424.60  404.83 

  - - - - - -  817.20  768.47 

  97.84 98.75 37.61 38.50 77.34 77.38 1609.60 1339.50 

  99.44 99.98 50.78 51.32 84.79 83.42 1511.90 1061.47 

  99.98 99.98 43.65 46.93 85.05 84.13 1558.20  961.67 

  99.98 99.98 81.81 78.28 97.52 96.60 1188.30  664.40 

  99.98 99.98 78.80 76.97 98.41 97.81 1309.10  640.07 

  99.98 99.98 81.03 81.15 97.98 97.85 1065.20  552.67 

  99.98 99.98 83.68 76.71 98.77 98.09 1052.70  524.40 

  99.98 99.98 52.09 45.81 87.12 88.59 1111.80  419.60 

  99.98 99.98 67.56 62.72 94.26 94.15  553.00  264.57 

  99.98 99.98 54.45 46.87 89.92 88.38  402.50  578.30 

2019   99.98 99.98 43.10 38.52 94.07 93.80  475.10  800.50 

  99.55 99.73 38.13 41.88 84.04 83.33 2145.50 2581.90 

  99.98 99.98 43.62 47.97 89.20 89.79 2314.90 2239.90 

  99.98 99.98 49.59 48.98 87.68 87.33 2564.30 2082.60 

“-“  
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820  
    

       
n  3 5 3 5 3 5 

2018    5.82  6.61 14.55 15.01 -2.21 -1.85 
   9.64 10.28 16.96 18.86 -0.32  0.02 
  12.85 13.49 20.91 21.50  8.43  8.60 
  13.30 13.62 18.63 18.91  7.90  8.62 
  13.15 13.36 19.36 18.60  8.80  9.63 
  13.44 13.71 18.55 18.74  9.55 10.20 
  12.32 12.66 17.49 18.10  7.68  8.04 
   8.97  9.56 14.05 14.53  4.35  4.45 
   8.28  8.56 13.10 13.83  2.07  3.08 
   7.57  8.09 14.01 14.05  0.48  2.36 
2019    5.54  6.35 11.71 13.16 -0.82  1.31 
   7.18  7.68 15.81 14.92  2.62  4.13 
   7.32  8.10 18.52 17.54  1.64  3.76 
  10.58 10.56 19.16 20.14  4.98  6.62 

 

/  

 
/  

 
 

Estimate 
 

Std. Error 
t value 

Eestimate/ Std. Error 
P  

Pr >|z|  
Intercept   9.75E-02 7.86E-02 1.240 0.21891 

 2.11E-04 7.41E-05 2.844 0.00573 ** 
  

 
 

Estimate 
 

Std. Error 
z value 

Eestimate/ Std. Error 
P  

Pr >|z|  
Intercept  51.162937 83.337291  0.614 0.539 

  0.027784  0.401442  0.069 0.945 
 -0.22251  0.184474 -1.206 0.228 
  0.053758  0.204271  0.263 0.792 
 -0.011191 0.10842 -0.103 0.918 

 -0.476129  0.889807 -0.535 0.593 
  0.008884  0.043851  0.203 0.839 
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820 n=3 n=5 2018 3 2019 4
x  
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820 2018

3 2018 10  
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820
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 pH

ORP BOD

 

 BOD 3.0 mg/L

3.0<BOD≤4.9

BOD 3.6 mg/L

pH 6.5-8.5 , pH 6.5

Mount, 1973

pH 6-9 pH

6.2-8.5 pH 6.01-7.88

750 μs/cm

120-450 μs/cm

130-280μmho/cm 5.11-157.7μs/cm

0.2-1.0 2.44 NTU

10 ppm

0.147-1.966 ppm

0.1~2.6 ppm  

 

pH

4.77-5.74 TOC 465

7.271% 12.537 % A
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B

 

 464

0.806 mg/kg

400 mg/kg 200 mg/kg

2000 mg/kg 600 mg/kg

2000 mg/kg 600 mg/kg

39.296-223.5 mg/kg 0.403-3.224 mg/kg  
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 2018/8/13 2018/8/13 2018/8/14 2018/8/14 2018/8/15 2018/8/15 2018/8/16 2018/8/17 2019/9/11 2019/9/11 2019/9/11 

  

 NTU 0.46 0.29 1.07 0.16 0.54 0.21 1 0.4 0.06 0.2 0.23 

pH - 6.2 6.6 7.41 6.39 6.41 6.56 6.01 6.49 7.88 7.8 7.78 

ORP  mV 162 173 182 175 165 181 182 187 186.3 183.4 183.3 

EC  us/cm 123.4 118.6 5.11 188 74 157.7 115.6 205 124.8 87.4 124.1 

TOC  ppm 1.238 0.794 2.697 0.92 1.367 1.077 1.583 1.688 1.046 0.997 0.958 

TIC  ppm 12.062 12.77 0.699 20.394 5.059 15.209 9.673 18.125 15.722 11.194 15.714 

TC ppm 13.3 13.564 3.396 21.314 6.426 16.286 11.256 19.813 16.768 12.191 16.672 

BOD  ppm 1.2 3.6 1.2 3.6 2.4 1.2 1.2 2.4 0.32 0.31 0.37 

 

            

 2018/8/13 2018/8/13 2018/8/14 2018/8/14 2018/8/15 2018/8/15 2018/8/16 2018/8/17 2019/9/11 2019/9/11 2019/9/11 

  

 mg/L N.D*. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

 mg/L N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

 mg/L N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

 mg/L N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

 mg/L N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

 mg/L N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

 

            

 2018/8/13 2018/8/13 2018/8/14 2018/8/14 2018/8/15 2018/8/15 2018/8/16 2018/8/17 2019/9/11 2019/9/11 2019/9/11 

  

F- ppm 0.39 0.387 0.393 0.391 0.439 0.379 0.424 0.438 0.248 0.247 0.83 

Cl- ppm 0.377 0.339 0.576 0.329 0.59 0.371 0.486 0.554 0.226 0.127 0.132 

NO2-  ppm n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 0.537 0.494 1.525 

Br-  ppm n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 1.209 1.228 1.657 

NO3- ppm 0.342 0.396 0.172 0.357 0.478 1.198 0.147 1.966 n.a. 0.185 n.a. 

PO4- ppm n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 0.124 n.a. n.a. 

SO4- ppm 6.403 4.197 0.517 4.855 11.708 7.403 12.13 23.212 5.91 5.209 6.5 

* N.D.(mg/L)  < 0.000007  < 0.000016  < 0.000020  
 < 0. 000003  < 0.000011  < 0.000007  
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 464 465 466 467 

 
 

( A) 
 B  

 2019/7/10 2019/7/10 2019/7/10 2019/7/10 
 

  
pH - 4.77 5.48 5.74 5.73 
EC us/cm 449.4 145.7 45.43 33.37 
TOC % 5.507 7.271 1.152 0.935 

 % 9.495 12.537 1.987 1.612 
 % 0.76 0.77 0.22 0.21 
 

  
 mg/kg N.D. N.D. N.D. N.D. 
 mg/kg 39.296 98.555 223.5 47.901 
 mg/kg 0.806 N.D. N.D. N.D. 
 mg/kg 3.224 0.403 1.403 1.002 
 mg/kg N.D. N.D. N.D. N.D. 
 mg/kg N.D. N.D. N.D. N.D. 

* N.D.(mg/kg)  < 0.000007  < 0.000016  < 0.000020  
 < 0. 000003  < 0.000011  < 0.000007  
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Cynops orientalis

16 9 7

 

 testo 885-1 DV 820

n=16 n=9 n=7

ES-100VX MiniDoppler a

b c

d e

 

 t-test

 

8.99 oC ±2.63 8.2 oC ±1.97 11.5 oC ±1.30

12.93oC ±2.64 13.99 oC ±0.98 15.10 

oC ±0.81
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 t-test

P 0.001037 0.05  

t-test a

P

0.011044 0.000723 0.05 b

P 0.01116 0.05 c

P 0.007429 P=0.029282 0.05 d

P>0.05 e

P 0.000936 0.000018 0.05  

 a b

P=0.232 > 0.05

R^2

0.01501 2  
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±  
    

 16 9 7 
oC  8.99 ± 2.63 8.20 ± 1.97 11.50 ± 1.30 

oC  13.76 ± 1.86 15.20 ± 0.70 14.54 ± 1.60 
oC  12.93 ± 2.64 13.99 ± 0.98 15.10 ± 0.81 

/  56.63 ± 6.92 54.67 ± 8.19 63.43 ± 12.42 
/  48.56 ± 7.45ab 48.67 ± 3.60b 60.00 ± 3.46a 

*sd  
 

 
 Estimate Std. Error t value Pr >|t|  

Intercept  12.62264 1.47485 8.559 1.15E-09 
/  0.03006 0.02464 1.22 0.232 

 

 

 Estimate Std. Error t value Pr >|t|  
Intercept  3.1216 1.8233 1.712 0.0969 . 

/  0.2069 0.0354 5.846 1.9e-06 *** 
Multiple R-squared:  0.04579 Adjusted R-squared:  0.01501  
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5.8S DNA   

 polymerase chain reaction

PCR O'Hanlon et al. 2018 Goka et al. 2009

500bp DNA

DNA PCR nested 

PCR 18S 5.8S 28S ribosomal RNA PCR

Bd18SF1 Bd28SR1 PCR

DNA  28S 5.8S 18S DNA

pUC57 nested primer Bd1a Bd2a PCR

5.8S DNA 300 bp

DNA  

 Taq PCR 5.8S

DNA copy 108 106 104 102 10 1 copy

DNA 1

DNA  ~700 bp  

 

PCR SWAB DNA DNA 

 Goka et al. 2009 NP-40 Lysis buffer NP-40/Proteinase 

k/NaCl/EDTA/Tris-HCl SWAB DNA

1X TB buffer DNA Bd18SF1 Bd28SR1

18S 5.8S 28S RNA 700 bp

PCR 1.2 % PCR

DNA PCR Bd1a Bd2a 5.8S RNA

PCR DNA 300 bp 1.5%

PCR  



61 
 

 105

DNA PCR 45 34 26

9 1st PCR DNA 1

2nd PCR 1st PCR1 DNA

DNA 1 820

DNA 1st PCR

18S 28S RNA DNA PCR 300 bp

Bd1a Bd2a 300 bp  3730XL DNA

ABI 296 bp

 

 1st PCR DNA DNA

PCR OIE

DNA PCR

5.8S DNA  
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DNA  

  2nd PCR  

 45 1 

 34 0 

 26 0 

 105 1 

 

DNA  

  2nd PCR  

 4 0 

820  68 1 

 7 0 

 10 0 

 16 0 

 105 1 
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copy number DNA Bd18SF1 Bd28SR1

700 bp M

DNA 100 bp DNA ladder 100 ng/uL NC Copy number

DNA  
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Bd18SF1 Bd28SR1 18S 5.8S 28S RNA

M DNA 100 bp DNA ladder 100 ng/uL  NC
PC 700 bp SWAB1 HTPL181023-01 800 bp

SWAB2 HTPL181023-02 SWAB3 HTPL181023-03 SWAB4 HTPL181023-04
700 bp PCR  

 
Bd1a Bd2a PCR

5.8S RNA SWAB1 300 bp
M DNA 100 bp DNA ladder 100 ng/uL  NC PC

296 bp SWAB1 HTPL181023-01 300 bp SWAB2
HTPL181023-02 SWAB3 HTPL181023-03 SWAB4 HTPL181023-04  
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SWAB 1 HTPL181023-01 PCR

a Bd1a b Bd2a

Bd PC DNA JAM81 /pUC57 NCBI

JEL197 Bd1a Bd2a 296 bp
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 107 5

16

7 30 8 8 9 19 1 1

1  

 

 

1. skull  

endochondral bones dermal 

bones Duellman and Trueb, 1986 micro CT

Dermal bones 

 

Dermal skull roof  

dorsal premaxilla

nasal anterodorsal fenestra nasal

frontal anterodorsal fenestra

nasals anterodorsal fenestra nasals

 

suspensorium  

micro CT Suspensorium

prootic squamosal

squamosal prootic

squamosal squamosal prootic

pterygoid anterolateral process

pterygoid anterolateral process  
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palate   

vomerine teeth Xiong et al., 

2014 vomerine teeth

Zhang et al., 2006 vomerine teeth

taxon 2008

vomerine teeth

 

Mandible   

Mandible dentary, prearticular, angular, 

articular Dentary Mandible Dentaries

mandibular symphysis Mandible

Zelditch et al., 2017

 

 

2. Axial skeleton  

atlas 15 19

trunks ilium sacrum 2 4 caudosacrals 15 20 caudal 

vertebrae

1987 2008

micro CT atlas

sacral 1

caudal caudal

 

 

3. Appendicular skeleton  
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Pectoral girdle forelimbs  

procoracoid coracoid scapulocoracoid

scapulocoracoid humerus humerus

radius ulna  radius

ulna radius ulna

mesopodium 6-7

 

mesopodium

mesopodial elements 7

ulnare intermedium

radius ulna centrale ulnare

intermedium mesopodium

basale commune metacarpal 1 2 distal carpal 3 4

metacarpal 3 4 metacarpal 1

prepolles radiale radiale radius

metacarpal phalangeal 

formula

2-2-2-2 1-1-2-1 2-2-2-2

2-2-2-2  

Pelvic girdle hind limbs  

femur acetabulum femur

humerus 

trochanter Femur fibia tibia fibia

tibia mesopodial elements

mesopodial elements 9 fibia

tibia intermedium tibiale fibulare intermedium
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fibulare centrale tibiale prehallux

mesopodial elements 6 9

mesopodial elements distal tarsal 5 tibiale prehallux

 

mesopodim basale commune distal tarsal basale commune

metatarsal 1 2 metatarsals distal tarsal

3 metatarsals distal tarsal

2 metatarsal distal tarsal

4 2-2-3-2

2-2-3-2 5

2-2-3-3-1 2-2-3-2-0

2-2-2-3-2  
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Skeleton type H. fuca H. formosanus H. sonani H. glacialis H. arisanensis 

Atlas number 1 1 1 1 1 
Trunk number 15 15 16 16 16 
Sacrum 
number 

1 1 1 1 1 

Caudosacral 
number 

2 2 2 2 2 

Caudal 
number 

16 18 19 21 19 

 

 

Skeleton type H. fuca H. formosanus H. sonani H. glacialis H. arisanensis 

Mesopodial 
elements number 

6 7 7 6 6 

Fore phalangeal 
formula 

1-1-2-1 2-2-2-2 2-2-2-2 2-2-2-2 2-2-2-2 

 

mesopodial elements number hind phalangeal 

formula  

Skeleton type H. fuca H. formosanus H. sonani H. glacialis H. arisanensis 

Mesopodial 
elements number 

6 8 9 9 9 

Hind phalangeal 
formula 

2-2-3-2 2-2-3-2 2-2-3-3-1 2-2-3-2-0 2-2-2-3-2 
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 A  Hynobius glacialis in dorsal view, 

B  Hynobius glacialis in ventral view, C  Hynobius sonani in dorsal view, D  

Hynobius sonani in ventral view, E  Hynobius formosanus in dorsal view, F  

Hynobius formosanus in ventral view  
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in dorsal view  A  Hynobius sonani, B  

Hynobius fuca, C  Hynobius glacialis,  D  Hynobius formosanus  

 

dorsal view A  Hynobius sonani, B  Hynobius 

fuca, C  Hynobius glacialis, D  Hynobius formosanus  
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820  

106 108 9 820

VIE-tag VIE-tag MARK

mark-recapture

VIE-tag  

MARK 820

Jolly-Seber model model AICc

model N parameter survival 

probabilities, Φ, phi probability of capture, p  

 

820  

820 2-5 7 199

recapture 28  MARK

AICc {phi(t),p(t)}

820 106 147 107 237

108 237 222 107 8 108

4 385 536  

 

 

97 5  

AICc {phi(.),p(.)}

{phi(t),p(.)} delta 

AICc 0-2 {phi(.),p(.)}  

Φ 0.9236773 SE=0.0392654 95% 

[0.8024566, 0.9730136] p 0.1372215 SE=0.0541787 95% 



74 
 

[0.0609108, 0.2805728]

107 108 181 167 173

174 107 7 8 108 7 9

185 358 481  

 

820 199

222 820 14%

820

 

 

820
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820
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MARK 820  

Model* AICc ΔAICc AICc Weights Number of Parameter 
{phi(t),p(t)} 552.5802 0 0.98015 31 
{phi(.),p(t)} 560.3906 7.8104 0.01974 26 
{phi(t),p(.)} 605.3799 52.7997 0 21 
{phi(.),p(.)} 627.2208 74.6406 0 8 

*Φ p t .  

 
Jolly-Seber model 106 108 820  

     95%  
   *    

106  1 23.00 4.689 15.49 34.16 
  2 147.09 33.562 94.58 228.74 
  3 147.09 33.562 94.58 228.74 
107  4 147.09 33.561 94.58 228.74 
  5 130.21 83.800 41.07 412.81 
  6 54.13 25.780 22.31 131.31 
  7 321.03 232.579 89.88 1146.70 
  8 385.02 65.660 276.29 536.55 
  9 385.02 65.660 276.29 536.55 
108  10 385.02 65.660 276.29 536.55 
  11 385.02 65.660 276.29 536.55 
  12 123.75 25.457 83.03 184.43 
  13 55.00 43.229 14.13 214.16 

  14 12.00 3.428 6.93 20.78 

* 2 13  
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MARK  

Model* AICc ΔAICc AICc Weights Number of Parameter 
{phi(.),p(.)} 122.6656 0 0.93399 6 
{phi(t),p(.)} 128.5456 5.88 0.04938 10 
{phi(.),p(t)} 130.8355 8.1699 0.01571 11 
{phi(t),p(t)} 136.5005 13.8349 0.00092 14 

*Φ p t .  

 

Jolly-Seber model 106 108 8

 

     95%  
   *    

106  1 87.340182 42.533916 35.361283 215.72485 
107  2 180.59764 68.001051 88.46339 368.68934 
  3 166.81407 67.606939 77.674552 358.25032 
108  4 172.60549 75.554706 75.972432 392.15087 
  5 223.62562 90.822349 103.97287 480.97564 

* 2 4  
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820

DNA 26 cytochrome b haplotype

10 30

cytochrome b 0.5

0.5% cytochrome b

2018 3

2019 3 820

BOD 3.6 mg/L

pH 4.77-5.74

A B

t-test
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105

2017 2019 820 199

97

107 820 2-5 7.3

385 95% 276 537

180 95% 88 368
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820
820 6.1K 2018 2019

18
 

 
 

 
 

 

 
 

 
7

20 45 …
820 2016 2018

820
820

820 7.3K
7.3K

 
 

 
820 7.3K
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1.1 pH EC DO  

ORP BOD  

1.2 pH pH TOC  

 

2.  

 6  9 1 10  

 

3.  

3.1 

1.  

3.2  

 

4.  

4.1 pH EC DO  

4.1.1  

a.  

4.1.2  

a. YSI PRODSS pH EC

DO  
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4.2 ORP  

4.2.1  

a.  

4.2.2  

a. ORP  

 

4.3  

4.3.1  

a. 500 ml  

4.3.2  

a.  

 

4.4 BOD  

4.4.1  

a. BOD 500ml  

b. 4 48  

4.4.2  

a. 

 

 

4.5 F- Cl- Br- IC   

4.5.1  

a. 500 ml CIO2
-

 

b. 28  

4.5.2  
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a. IC  

 

4.6 ICP   

4.6.1  

a. 500ml  

b. 1.5 – 2 ml  

4.6.2  

a. ICP

 

 

4.7  

4.7.1 4.1~4.6  2000 ml 

 

a.  2  500 ml  

b.  1  500 ml  

c.  1  500 ml 1.5  2 ml  

4.7.2  

 

5.  

5.1 1.2

 

5.2  

5.2.1  8 17cm * 

24cm * 0.04 mm  

5.2.2  
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5.3 pH EC

TOC  

 pH EC TOC   

/  

 

 IC

 ICP
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1. 

 

 

2.  

1.  

2.  

3.  

4.  

5. pH  

6. pH   pH= 4.0 , 10.0, 7.0  

7. MS222 80 mg

1.5 ml  

8.  ES-100VX MiniDoppler® Vascular Ultrasound Doppler  

9.  testo 885-1 DV  

 

3.  

3.1  

3.1.1  

 

 

 

3.2  

3.2.1  
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MS222 Cynops orientalis

 

 

3.2.2  

15  

 

3.3  

3.3.1  TESTO
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10  

 

3.4  

3.4.1  100 ml MS222

 80 mg  

3.4.2  MS222 pH 7.0  

3.4.3  MS222  80 mg / 100 ml 30

2  

3.4.4  

30

 

3.4.5  Righting reflex

MS222

 

3.4.6  30

 



90 
 

3.5  

 

 

3.6  

ES-100VX MiniDoppler® Vascular Ultrasound Doppler  

 /  

 

3.7 
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1. micro CT  

2.  

1. 2 - 5  

2.  

3.  

4.  

5. pH  

6. pH   pH= 4.0, 10.0, 7.0  

7.  MS222, Ethyl 3-aminobenzoate methanesulfonate  

8. 

 

9.  ES-100VX MiniDoppler® Vascular Ultrasound Doppler  

10.   4 cm   5.5

 

11.  SKYSCAN1076 micro-CT  

3. : 

3.1 ...

GPS  

3.2 /

0 - 15  

3.3 micro CT 4~7
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3.4 micro CT  

 

3.5  

3.5.1  100 ml MS222  80 mg

 

3.5.2  MS222 pH 7.0  

3.5.3  MS222  80 mg / 100 ml

30 2  

3.5.4  

30

 

3.5.5  Righting reflex

 

3.5.6  40 mg MS222 / 100 ml 

 

3.5.7  40 - 60

3.6 micro CT  

3.5.8  

 

3.6  

3.6.1 Micro-CT  

3.6.2 

:  

a  35 um 15  

b  17um 30  
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3.7 

4 ~ 7 GPS  

3.8 SKYSCAN 1076 Micro-CT workstation software 3D  
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Hynobius sonani  

A  dorsal view B  ventral view  
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Hynobius glacialis  

A  dorsal view, B  ventral view  
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Hynobius formosanus  

A  dorsal view, B  ventral view  
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act acetabulum glf glenoid fossa 

adf anterodorsal fenestra hb hypobranchial 

amf anteromedial fenestra hu humerus 

an angular i intermedium 

ar articular icf internal carotid foramen 

at atlas il ilium 

bb basibranchial isc ischium 

bc basale commune lac lacrimal 

c centrale lacf lacrimal foramen 

cb ceratobranchial mx maxilla 

ch ceratohyal na nasal 

cor coracoid obf obturator foramen 

corn cornua obs orbitosphenoid 

crd crista dorsalis op-ex opisthotic–exoccipital complex 

crv crista ventralis pa parietal 

dc distal carpal pcor procoracoid 

den dentary ph prehallux 

dt distal tarsal pm premaxilla 

etr external trochanter po postminimus 

fe femur pra prearticular 

ftr femoral trochanter prf prefrontal 

fi fibula pro prootic 

fib fibulare ps parasphenoid 

fr frontal pt pterygoid 

pub pubis   
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qu quadrate st stapes 

ra radius stf stapedial foramen 

rad radiale ti tibia 

rl radial loop tib tibiale 

sca scapulocoracoid ul ulna 

scof supracoracoid foramen uln ulnare 

sm septomaxilla vo vomer 

sq squamosal yps ypsiloid 
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107 
 

 



108 
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2  

 
 



110 
 

 



111 
 

 
 



112 
 

 



113 
 

 



114 
 

 



115 
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2  

   

 

1.

 

 

2. 

 

 

 

micro 

CT

micro CT

 

 

 Micro CT

 

3. 

 
 

4. 
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5. 

 

(population)

 

 

1. 

Cytochrome b

784bp  

Cytochrome b 1140bp

784bp

1140bp

784bp

1140bp

 

2. 18

1.2 (pH)

2   

3. 

 

 

4. 3D

 

5. 

 

6. 
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1. 

Cytochrome b

 

 

2. 6 8

57

(recapture)

 

6 8 57 2

55 820

6 8

2 1

2017  

3. 

 

 

4. 

 
 

 

 

1. 
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2. 

 
 

3. 

 

 

 

 

 

1. 

 
 

 

 

1. 20

 

4~9
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3  
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126 
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3  
   

 

1. 

  
 

2. 4

  

4

 

3. 22 6 
  

 

4. 51

  

 
5. 72 45

  
 

6. 45 25
 

copy
10 4

10 4
1

condition
 

 

1. 

  
14
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2. 
  

 
3. 

  

4. 820  107

300   
 

5. 

 

 

 
 

1. 

1300~2300
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1. 820 107
204 300

  
 

2. 

 14

 
3. 

 

 

1. 

 

 

2. 

 

2

30
6

 

3. 

 
 

4. 
 

 

 

1. 
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1. 22

 
 

2. 43 23 24

 

 

3. 12

  

 

3  
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4  
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4  
   

  820

 

100
5

1000 50

CT scan

 
 

  

 

 

KEL197
JAM81

3  
 

 
 32 2

RH%...
RH%

RH%...  

 



142 
 

  

 

 
 

 
 

  

CT scan
CT

 
 

0.5/L 1-2g/L
0.5g/L  

 

 13

  

CT scan
3

IACUC  
 39

  

 

 65
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 39

  820

 
 24 25

23   

 
 

820
CT scan

  

CT scan

 

 

 

 
 

22

  
 

43 23 
24
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12

 

1 2
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5  
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149 
 

 



150 
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152 
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5  
   

 

1. 

 

 MRI (
 Y )  

2.  820 

 
 

3. 
 300-100 

 
 

4.  820 
  CT  

5. 
 

 

 
 

1.  51 

 

 

2.  108  
7  10 
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1. 

 

 

 

2. 
 

 

3. 820 

 
 

 

1.  820 

 

 820  0~1.7K 
1.7K~6K 

 6K~7K 

 820  

 
 

1.  820 
 7.3K 

 
7.3K  

7.3K

7.3K 

 7.3K
7.3K

 820 
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SWAB  
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2010 (Hynobius fuca)

  

2016

  

2003 b

  

2002 79

 

1987 —

79-104  

1994 DNA

  

1997 96

 

1994 H 62

 

2007 BioFormosa 

 42 2 : 105-117  

2008
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2001 53
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