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Abstract

This study was conducted to establish a Habitat Suitability index (HSI) based on literature research and field surveys
on ecology and habitat of ‘Hynobius leechii. And this study will be used as basic data for qualitative evaluation of
habitat environment. The survey sites were divided into natural habitats close to the prototype habitat and artificial
restoration areas where Hynobius leechii was monitored. So the types of habitats were diversified. Hynobius leechii
is a vulnerable species to climate change because it is affected by the microhabitat and has low mobility. HSI variables
of Hynobius leechii were extracted through domestic and overseas literature, and standards were extracted from literature
research and field survey. The standards were presented as a value of the physical allowable category in consideration
of realization. To verify the study, an in—depth consultation was conducted by amphibians experts. HSI variables of
Hynobius leechii were included 9 variables such as Overstory canopy cover(%), Understory cover(%), Water—pH,
Soil-pH, Soil relative humidity(%), Leaf litter depth(cm), Rock substrates (%), Type of Coarse woody, Distance from
Street or Pollutant(m).
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A2 ddE xefotal AA7] 3 27t ol “eA= 5
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F kst (Van Riemsdijk et al., 2017). =552 [UCN
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AtHGiles, 1978). o] A= 4413t H7F AXHHEP) &
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Of the study area Format conditions
HSI(O~1) =

Optimal Habitat Conditions

Formula 1. HSI formula
B a7t mgel A4 HB4 A5E e Ao
2 w0 A4 W} 3 290l APsapl o Aol 2
Holt}y, o] AAlskHe EEsTte T8y, =AY
LE%, 1YEsE, o7EFs 5ol Atk o] oA ATt
PSR Es wEAGL F=Eed, 49, 57 ¢

Methods

Research for ecology and habitat of Ajmobius leechi

)

= |iterature researchies
- Life cycle, Previous researchies of Amabius leechii

| = Literature researchies

Selection of HS! variables of Ajnabius reechii

- Overseas researchies : North America, UK
- Domestic researchies : Amobius feechii Onychodacinlus koréanus

| = In-dept consultation with experts

"= Field Survey

HSI standards of Ajmobius reechii

- 4 articial restoration area of the Ajobius leechii
- 10 Natural appearence area of the Amabius feechi

. = In-dept consultation with experts

Fig. 1. Framework
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Fig. 2. Distribution of Hynobius leechir : Northeastern China and
Korean Peninsula (Source : Berkeleymapper.berkeley. edu).

Shitof Al B3ty 1ok (Fig. 2; Amphibian Species of
the World 6.1, 2022), =R A Y5> U AHd
Ao, 1S FAA A, o7|mgee dHAY, Al
L3sd AFAder A RRddS Heloh(Fig.
3). 32t A=AAH AN EFwdt F 37187 F =
T 3401204 Edste] 7P HIET E9ka ke
Aejo] Euaty 9o n](Jang, 2020), 55| Fhule x|
of AFHf ActFig. 4.

T AAR §82 EADEEHRZAAA) 7]
B ARAY, BAA9, 24, SAHANA EdE L,
A F 65% ool AHA A FARA ol AT
2H(Choi et al., 2018; Jung, 2020) & AAGLo] AAF ¥e
e FHRHAGOR Ae-A7e, 9=, A
SE(KMA), EXHEE (H27)ell 2Rt AFgdx[o
ek mAA HelE EAADE SHCR FHAETA
gsto] AT Al 9l 201704 202238744
& st AR F7E Akl th(Table 2).

T
oX H do = v AN
o T & o o

22, =-U9] =S=2of Mell 2 MAEE AL

= AAHL R ol= - UY9] &
s T dA7E EAokth Ul ARAYE T8
AR R Sh= =55(Hynobius leechi)) (Seoul, 2019; Jang,
202003 AR X|EEE5(O. koreanus) (Hong, 2017,
K-Water, 2005; Ministry of Environment, 2001) 27§¢] &
= Al7gste] HSI M A& 91s Table 49t &o] £3=
AP otelth. B2 e WA AR 34,
7154 xo2 s vttt A=A 27 (Ministry
of Environment, 2001)& A 9= Ao XAt =5

® /. Leechii
® O koreanus

K. Koreana

H. quelpaertensis
® /. Yangi (EN Il)

Fig. 3. Distribution of the Family Hynobiidae. /. /feechii : South
Korea, O. koreanus : Mountain in Gangwon—do, /. yang
* Busan Metropolitan City, K. Koreana : Daejeon
Metropolitan City, H. quelpaertensis : Jeju Island (Source
: Jang. 2020)

el

Central area in Korea- !
Distribution of &
H. leechii z % \

‘L

Fig. 4. Distribution of Hynobius leechiiin Central area, Korea
(Source : Map of Life).

=91 Triturus cristatus (Great Crested Newt)e} u]= At
of| M A8F= Plethodon stormi (Plethodon stormi) 5 2719]
Z5 AA5tHOldham et al., 2000; Costa et al., 2016).

222 AZZAL

L35 A 73S tRtel] flel AN AIE
A2z 9 QI EAR = RSk, AA12] 2] UF (Prototype)
of 77k AAMAAE FHCRE WIAE Aottt 71&
FA TR HSIO Bt AollM= TFRALY] 8 3~14714
2 ZAE =T, 2 AFolMds AAAAA 10714, 5Ed
2] R4 F 1404 AASEAT. tidR] f1A], ZAMAA,
A2 T2 o2 Zoh(Table 2; Fig. 5).

E3], AEAlelA AT WAATL AHFEEAAS
(Seoul, 2019)2 EF5 A H AAzjola, oy
EETFH(Seoul, 2010)2 273 & 10 o) #A=r 9]
= 439 AL R st
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Table 1. Criteria for Selection of Hynobius leechii Variables

No. Variables Description Source
Overstory canopy cover Overstory canopy cover is lower the surface temperature and maintain a humid
1 . . . A
08m) (%) habitat by controlling moisture.

) Understory cover ({1m) Hynobius leechii’ feed resources are aquatic insects living in water system (the Lo

(%) Korean persicary or water parsley). ’
3 Water pH Hynobius leechii’ larvae live only underwater tand sensitive to water pH in relation 3 B

to reproduction.

. Hynobius leechii hibernate(hide) under rocks and soil, so they are sensitive to soil

4 Soil pH . . . o D, E
pH associated with skin respiration.
s Soil relative humidity (%) Hynobius leechii hlberna}te(hlde) under rocks an(.i soil, 50 Fhey are sensitive to soil D, E F
moisture associated with skin respiration.
6 Leaf litter depth(cm) Hynobius leechii hide under humid soil formed by Leaf litter. F
Rock (Boul, Cobble, Pebble Hynobius leechii hide in Rock (Boul, Cobble, Pebble and Grav) substrates from
7 predators and affect adult movement. After spawning, an eggshell are attached to F, C
and Grav) substrates (%)
rocks for prevent loss
8 Type of Coarse woody Hynobius leechii prefer an environment with abundant Coarse woody F
Distance from Street or Hynobius leechii prefer to be far from Street or Pollutant. The farther the polluter,
9 . . . 3
Pollutant (m) the better the habitat (In-dept consultation with experts)

1) K-water (2005), 2) Yoon et al. (1996), 3) Ministry of Environment (2013)
A) Herbeck and Larsen (1999), B) Noland and Ultsch (1981), C) Willson (1987), D) Frisbie and Wyman (1991), E) Sugalski and
Claussen (1997), F) Rossell (2018)

Table 2. Study Site

No. Study Site Location Land cover| Survey period |Appearence Type
1| A-1 Mt. Jangtae, Daejeon Metropolitan City Lat. 36 17'~ 27 N
2 | A-2 Mt. Manin, Daejeon Metropolitan City Lat. 36° 17'~27 N
3| A3 Mt. Bingye, Daejeon Metropolitan City Lat. 36° 17'~27'| Forest 2017 ~ 2018 N
4 | A-4 Mt. Sikjang, Daejeon Metropolitan City Lat. 36° 17~27 N
5| A5 Mt. Gyejok Daejeon Metropolitan City Lat. 36° 17~27 N
6 B Geumhakdong, Gongju—si, Chungcheongnam—do Lat 36.42 Forest 2017, 2019, 2022 D
7 | B-1 | Geumhakdong, Gongju-si, Chungcheongnam-do Lat 36.42 Forest 2017, 2019, 2022 D
8 C Gangdeok—myeon, Dongnam-gu, Cheonan-si, Lat 36.66 Forest 2022 N
Chungcheongnam-do
9 | co1 Gangdeok—myeon, Dongnam—-gu, Cheonan-si, Lat 36.66 Forest 2022 N
Chungcheongnam-do
10 D Naeson—dong, Uiwang—si, Gyeonggi—do Lat 37.37 Forest 2021, 2022
11 E Mt. Umyeon, Seocho—gu, Seoul Lat 37.46 Forest 2022 D
Baekseokdongcheon Garden in Buam—dong, Seoul
12 F (Baekseok—valley Ecosystem Landscape Lat 37.57 Forest 2022 N
conservation Area(2009)
Baekseokdongcheon Garden in Buam—dong, Seoul
13 | F-1 (Baekseok—valley Ecosystem Landscape Lat 37.57 Forest 2022 N
conservation Area(2009))
Jingwan—dong, Eunpyeong—gu, Seoul
14 G (Jingwan Wildlife Portection Areas(2010) Lar 37.64 Forest 2022 N

D, Appearence area of the Hynobius leechii in an artificial restoration area; N, Natural appearence area of the Hynobius leechii.
Literature research : A—1~A-5 (5 sites) (Jung, 2020), Field Survey : B, B-1, C, C-1, D, E, F, F-1, G (9 sites)

& AGelH A7 O B T APoR ARt 24 S1ERe] AEW FGWAH vgE 2ROV, JGT
st @A W9lE mEe] TWAANS FAeR (k339 Im x Im¥NE SHsle] 1 FUgtew 4
BERA.11 ~ 494m) S T ZAAAE 20m x 0m AL, S FANE@IE BRI gHao] Edw
2 4745terkHong, 2017). HSIO] 5w 2ApPES 4 2 v82 2ASkL e ( 256mmolste] we, 212, &,

HEW, A55E FTHE%), st 10522 AS5HEet HEQIE 2 ESHH(Wilson, 1987).
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Central area §
in Korea

Fig. 5. Study Site of the Hynobius leechii. 1) Location of the study
site in Central forest area, Korea, 2) B, B-1, D, E :
Appearence area of the Hynobius leechii in an artificial
restoration area (4 sites), 3) A-1~A-5, C, C-1, F, F-1,
G : Natural appearence area of the Hynobius leechii (10
sites), 4) Different water systems are different survey Site
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Table 3. Field survey method

& A7Asto] Table 59 Tt @FEAL T2 Table 33
Zo] ggo] G719 59-99 7%t AE SARTE
A} T~AGA| el AT = HSI ¥4
oF Wied AR71ES d3e A 979 24 A

iy
=

o] 2= HU\}O]’%}Q ATAFHE 2d 3909 AE%
53 =23 HSI A4 2 4 27)Z2¢Qh) gt A4
FZte EEO]’?&‘:}.

ofl Mo o
S o o MO o

3.0 3-Uel ESi0| MEAF U AAEY 4

L3 e Ao Rxst=d 2z THEAE dat
A9or diteggolgtile Sem, 1 Q]of ofAot =&
5, At EEsolRti e EYTh k85 & ol 8 -
13cmo]™ &2 ﬁ‘?‘;oﬂ‘z 24 apge] oFgA FH7E
Hel= FHsh, F50] £2 T2 vEIF Wi A4
AUbKkM) el tEA el Folth(NIBR, 2022).

E2% A4S 15 0~ 1,268m7HA] EXst H =
7, eeubE, IrRel 2 4dgd Oﬂ*‘l & AHE
=dl(K-water, 2005), 4545 £152 HPES gof 2E

o] =% Ao At 5= E%?Pé‘ @/ (Herbeck
and Larsen, 1999)°] 7]o{stx ﬁﬂjl} oA AL ok oL}
U9 spH=o shacirh LEko] AlkS Srjol9l Zhe O

Zo] L@l 2& olg3a uhh 50391 SrEmiU ()
A Fe] @R o] Aleh) Ao} 294 2L wEs

rJ

o, o} SEZFEE| Fateto] H5 g Moon, 2017).
ojuf hHe EEgozr WS Wol S ZZIstH s}
9] 7|2 HFl dgg gitt, TE 52 FAAV|E &
NN FAETEFE Yol2 311, A Fe7ldE FEUEE

oy} yutE|Ee HpAE FEoA RHEFFE 52 Hol

2 gH(Yoon et al., 1996). 109 ©]&of= Aria} dA |
QA RaMoz oAsle] EWsls EAS Holy 9l

%

No. Variables Survey method Source
1 Overstory canopy cover(>8m)(%) Investigation by the ratio of the surface Overstory canopy cover (>8m) B
2 Understory cover(<1m)(%) Investigation by the ratio of the surface Understory cover ({1m) B
3 Water pH Measurement by instrument D
4 Soil pH Measurement by instrument C
5 Soil relative humidity (%) Measurement by instrument C
6 Leaf litter depth(cm) Investigation the depth of thet hffelier; 1Lecaefs in the range of Im x Im in B
7 Percent of Rock (Boul, Cobble, Pebble Investigation rock substrate rate in underwater B

and Grav) substrates (%)
8 Type of Coarse woody Investigation the type of Coarse woody B
9 Distance from Street or Pollutant (m) Mapping Source A

A, https://www.ngii.go.kr/kor/; B, Estimate after field survey; C, DM-5, Takemura, D, HI 98130(Combo)
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TH(Lee and Park, 2016). o|gA] k&9 A4k ¥Har 3.2 E8= HSI B MY
olAgE AAgA o] ot E4-& YEPHTHDavic and Welsh, _ . ) . _
2004; Wymar: 1998) ° Q)=o) BAATLNAN Triturus cristatuse YA, AZH 4

Table 4. Selection of habitat environmental variables of Family Hynobiidae

Overseas research | Domestic research Variable Selection
Environmental Variables 7. P, H. O. Selection I Variales
cristatus” | stormP’ | leechi?’ | koreanus® | (Alt) Verification (Finalized)
Temperature (C) O ©)
Habitat Altitude (m) O O O O o appli:rﬁtatvii:?ibollisaeslet\tlaet}i’ons Exception
Geographic loccation O
Overstory canopy cover(>8m)(%) O O O o Appropriate ST 1
Sub-overstory canopy(2-8m)(%) O ©)
Midstory canopy (1-2m)(%) O O
understory cover({1m)(%) O O O O [ ] Appropriate SI 2
Water pH O O o Appropriate SI3
Water depth (cm) O
Water Slope ( ° ) O
Width of water body(cm) O O
Type of water body O
Wetland area O
Pond Permanence O
Water temperature is
Dissolved \())V;}t/;n%l)laoh)t,y"remp(u(f)) © © © d invtjs)ticge;l:il(‘)/s ‘(fflrizlsf)nal Exception
and geographical
Number of surrounding wetlands O
Soil pH O ©) [ Appropriate SI 4
Soil relative humidity(%) O O O ([ Appropriate SI5
Leaf litter depth(cm) O O O [ Appropriate SI 6
Percent of BOUL substrate(»256mm) O O ([ Selected as a rock
Percent of Cobble substrate(65-256mm)(%) @) O O [ ] substrat.es rate d“” to
Percent of Pebble substrate(4~64mm)(%) O O O ) (];Zifalél;l lr)llflef,ur}igglrj a(ilfd SLT
Percent of GRAV substrat(2—4mm)(%) O @) o Grav)
Coarse woody O O O [ J Type of Coarse woody SI 8
Threatening factor (predator, Pollutant) O [ Inll_ll)sg;?;t S\t/jg;ﬁ:iisoxflor ST 9
Terrestrial habitat O
Macrophytes O O
Total 12 7 18 19 14

1) 7. cristatus (Oldham et al., 2000) : 12 Variables (Habitat Altitude, Overstory canopy cover, understory cover, Coarse woody, Wetland
area, Pond Permanence, Water Quality, Number of surrounding wetlands, Waterfowl or fish, Terrestrial habitat, Macrophytes)

2) P. stormi (Costa et al., 2016) : 7 Variables (Temperature, Habitat Altitude, understory cover, Soil relative humidity, Leaf litter
depth, Cobble substrates, Pebble substrates)

3) Hynobius leechii (Jung, 2020) : 18 Variables (Habitat Altitude, Overstory canopy cover, Sub-overstory canopy, Midstory canopy,
understory cover, Number of Coarse woody, Water—pH, Width of water body, Type of water body, Water Quality, Soil-pH, Soil
relative humidity, Leaf litter depth, Boul, Cobble, Pebble, GRAV substrates, Macrophytes)

4) O. koreanus (Hong, 2017) : 19 Variables (Temperature, Habitat Altitude, Overstory canopy cover, Sub-overstory canopy,
Midstory canopy, understory cover, woody debris—diameter, Water—pH, Water depth, Water Slope, Width of water body, Water
Quality, Soil-pH, Soil relative humidity, Leaf litter depth, Boul, Cobble, Pebble, GRAV substrates)

5) @ : Selection based on the Redundancy of the literature survey (14 Variables) — Habitat Altitude, Overstory canopy cover,
understory cover, Coarse woody, Water-pH, Temp('C), Soil-pH, Soil relative humidity, Leaf litter depth, Boul, Cobble, Pebble,
GRAV substrates, Threatening factor (predator, Pollutant)
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g, stef 08, 975, 4, AH/E, A 5 12
R ATt EEET F2 YYETHHE A8t A
o 2 oty Q) © H|(Oldham et al., 2000), Plethodon stormi
o] ARl thgt AtollA= AAl, PIAH Ao R
2Fote] AER a3E FT 7T, 9EFA, SHnE
= 7719 ¥4 2EEUHCosta et al., 2016).

U 2N EFed AARES AR 1k, A,

T, ok HEE, aEUEE, #9pH, 2, FAE, &
&, 82U Do), EYpH, EYEE, vhel, &, A2 v
o =
= o

18709] W47k AR (ung, 2020), @tae) Al
Eg%o ANSAL Y1, IE 45, 55, 855 08
8, SEAER, S5pH, 4, $ARA, S, g2
Do), EpH, EFEE, HHl, 5, 429 ulE 5 197
o] W47} E& 9t (Hong, 2017).

o5& Tt 14709 =55 HSI ®s(QhE =&%
T ARt A AR AS st 99 EFRsR
2F Aottt HTHe2 A w5 gt AAaHy
2 Table4s} &1 A 7152 Tablel¥t 2t

MAZ] 1 AR AR gAolA EEEol ot

T4

IxoA Ed@sta 5 A Golz= AlRtd A

k= oA mat AL =St
FE FHE( D) HEFS Tof ZFg A4 Hetet
2 FA(Herbeck and Larsen, 1999)st2 =2 H42 A
A, SR TdEE (%)L 552 HolxY AT
el

s}

stR 2 (K-water, 2005; Yoon et al., 1996) H42
stgch. ‘F2(C) 2 AE7F AR el 4k A
T AAZ) S AAshe HSee oAo] %o
U AEA a3t 2H aQlof| o5t W4Tt FRISIsHA
ZAFE o] 7oAl Al L] E Slet.

‘% pH'= 85 S4ste Wa=r FAF A4A 24
71%(Ministry of Environment, 2013; Noland and Ultsch,
1981)ell oJalf 4Fdz] A4l o] Wag dAstelon, ‘&
PpH ot ‘EFFE (D)= EFsolA 2417 8L E
F2Hg AHE vehinz w2 A5k ck(Frisbie and
Wyman, 1991; Sugalski and Claussen, 1997; Rossell, 2018).
AT (m) = =50l FAY SR EEEHER
HE2 AT A Feder, 1983). MY AT = Atgh A
o 2 9 24 715l S nAEE sh FAE, =,
2, vEe) o] mzE ZFSHAtHRossell, 20185 Willson,
1987).

FEAZE G U BT oAy} Ho|zde AFs}
Ha(Rossell, 2018)0]|H EHh= +E54EE F30]
[oiths A AR ool o] ouEE ez |
sfetgich. ®eE HE7 ABOlA 30 F 2¢9lo] ‘AFac]
(m)” 55 52T gdoz AN stalon FAF 447
Z24 7IedME SFadar FEE iR AAEAH
(Ministry of Environment, 2013). 2402 T&% HSI
AL A4S T8E%R), 5FF 1E2&(%), T5pH, EY
pH, EFGE @), FAFAEm), 34 HANED), 423

o 4 o rr

28 99, 98I o) WeTt HFHoz 4

H B0 95~ 70%8EAN B 45%2 AAE Q]
oh AFERIQL AR A 2F pHE 6.5~ 7.624 B
Ta2 379 pHT= Yepsith

241 9 SRGAQ SAMAR| 0] EFAEE pH 6.2~ 7
(B¢ 6.D&A THeR Uyt EGEEE 38~70%
BHEEFE 5% 8 SHYL, FAFAE 3~ 14em(B
TEE 15~ 85% (B4 48%)=

o
=
fu
i
o
W
ol
o
e
X%

° AAA, Sz 5o 9l
: 7 AR FpH W
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Table 5. Results of habitat survey of Hynobius leechii

. Mean
Variables A(A1~A5) B B-1 C C-1 D E F F-1 G (Min~Max)
gi | Overstory canopy cover 51 80 | 70 | 90 | 80 | 70 | 30 | 8 | 95 | 50 70
08m) (%) (50~95)
SI2 | Understory cover({1m) (%) 50 25 25 30 40 50 50 60 70 50 (2;1570)
SI3 Water pH NO DATA 7 7 6.9 6.9 6.5 7.4 7.6 7.5 7.2 7
(6.5~7.6)
SI4 Soil pH 6.4 6.8 6.2 6.9 6.9 6.9 7 6.9 6.8 6.5 6.7
oil p . . . . . . . . . 6.2~7)
SI5 Soil relative humidity (%) 47 60 52 70 40 50 38 60 68 70 (385370)
SI6 Leaf litter depth(cm) 14.5 125 | 75 7.5 7.5 6 7 5 3 3 (331 »
Percent of Rock (Boul, 48
SI7 | Cobble, Pebble and Grav) 85 25 15 30 40 45 15 75 70 80
(15~85)
substrates (%)
SI8 Type of Coarse woody NO DATA| B A A A A A A A A A~C
Distance from Street or 14
SI19 Pollutant (m) NO DATA 10 5 5 30 20 10 5 30 15 (5~30)

1) A(A1~A5), Five forest area (Mt. Jangtae, Mt. Manin, Mt. Bingye, Mt. Sikjang, Mt. Gyejok in Daejeon Metropolitan City), (Jung,
2020)

2) B, B-1, D, E : Appearence area of the Hynobius leechii in an artificial restoration area (4 sites)

3) A-1~A-5, C, C-1, F, F-1, G : Natural appearence area of the Hynobius leechii (10 sites)

4) NO DATA : Value missing or not appropriate in the literature research

5) When calculate standards, the calculated values were rounded up so that they could be realized at the restoration area of
Hynobius leechii, and the value range was different to each variable.

6) A, Broad-leaved forest

7) B, Mixed forest — Coniferous forest and broad—leaved forest

8) C, Coniferous forest

Table 6. HSI of Hynobius leechii

Variables Standard (Finalized)
g1 o 58m) (%) 1 more than 50 %
t
verstory canopy cover (>8m) (% 5 0%
1 more than 25 %
SI 2 Understory cover ({1m) (%)
0 ~ 25 %
1 6.5~7.6
SI3 Water pH
0 less than 6.5, more than 7.6
1 1:6.2~7
SI 4 Soil pH
0 less than 6.2, more than 7
. . o 1 more than 38 %
SI 5 Soil relative humidity (%)
0 ~ 38 %
A 1 more than 3cm
SI 6 Leaf litter depth (cm)
0 ~ 3 cm
Rock (Boul, Cobble, Pebble and Grav) 1 more than 15 %
SI 7
substrates (%) 0 ~ 15 %
1 A : Broad-leaved forest
SI 8 Type of Coarse woody 0.75 B @ Mixed forest — Coniferous forest and broad—-leaved forest
0.25 C : Coniferous forest
) 1 more than 5 m
SI 9 Distance from Street or Pollutant (m) 0 5
~5m

SREAISE H24A AH4Z, 2022
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