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Abstract

This This study, conducted from 2022 to 2024, after gold-spotted pond frogs were relocated to an alternative
habitat in 2021, analyzed the environmental factors that affect the ecology of the gold-spotted pond frog to use
them as basic data for selecting (or creating) alternative habitats suitable for survival and . The analysis of the
habitat conditions in the alternative habitat for the gold-spotted pond frog showed that the habitable area was
11,920 m? which meets the criterion of being larger than 3,700 m? In terms of food availability, connectivity with
low-rise grassland was secured. In the shelter evaluation, the distance from water puddles was within 1 m,
fulfilling the condition of being within 50 m. The area of permanent wetlands for breeding and reproduction sites
was 2,920 m? which meets the criterion of being larger than 500 m2 During the monitoring process, it was
confirmed that the SVL and BM of the translocated individuals were maintained (p » 0.05) and that more
individuals (¥ = 690) than the number of translocated individuals (n = 285) were present. This indicates that the
alternative habitat can function effectively if the size of the alternative habitat, connectivity with grassland
areas, availability of shelter, and conditions of the permanent wetland are properly met. The population size
showed a positive correlation with average temperature, minimum temperature, rainfall (p { 0.05), and paddy
type (p € 0.01), indicating that it is influenced by temperature and rainfall. A negative correlation was found
between reproduction and average temperature, minimum temperature (p  0.05), and paddy type (p < 0.01),
suggesting that reproduction is influenced by temperature.

Key words : Alternative habitat, Gold-spotted frog, Endangered species, Long-term monitoring, Meteorological
factors
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Fe AHAY 073E8E BFE o e e AAEA
B Foz A gth(Vitt et al., 1990; Wyman
1990; Heyer et al., 1994; Cushman, 2006; Jeong
et al., 2015; Shim et al., 2015; Park et al., 2019).

S/t vt 1fEer S8 ARt =
O] FA oA AASEL glom, 155 HRSto] TheF
gt Holg W1 At} gtu F= SN2l (Pelophylax
plancyi )2}t F4e To2 BREI L ok oL, 2=t
IFF0 2 At Cheong et al., 2009). =71+
2] 9] AA2= e o] THEEA HAf ol
Sl 2™ (National Institute of Biological Resources,
2019), F2ol= F71 =2t ST AT ERI(Yang et
al., 200D == 5 7HAs Aol e A 9718 ¢
gsto] BF97| oI E NHoE 2| Asto] Ko
I )oHMinistry of Environment, 2005). IUCN
(International Union for Conservation of Nature)
ArE HMEERed list)oll FFF(vulnerable
species, VU)2.2 A5t 7N oAz oA 7}
T XA E 98 HAste Aol 71 vl st
E7HE 79 HATE] A4l iAol o] FR) 1 Gl=
A2 2] (core zone)E Tetote] @A] W HH5HA
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Service, 2013). HIAIA AR = o5 HAE
A1 A2 AR AN S Foll b AldE A
U 20| ZEH Ko ohr, PEo| A 947t
Hix]ofo SHeH(Ministry of Environment, 2019).

A B g Al A= A AR 2 &
Aol tigt A4(Lee, 2004; Cheong et al., 2009;
Byeon, 2010; Ra, 2010; Yang and Koo, 2016; Shim
et al., 2020), /WAl A A7 (Park et al., 1998;
Yoon et al., 1998; Eom et al., 2007; Sung et al.,
2007a; Sung et al., 2007b; Ra et al., 2007; Sung et
al., 2009; Ra et al., 2010; Jeong et al., 2018; Park
et al., 2018; Park et al., 2019; Yoo et al., 2019;
Kim et al., 2020; Ahn et al., 2021), 4% % A9 c}
FAe gt A (Yang et al., 1999; Min et al.,
2008; Kim er al., 2008; Kim et al., 2009; Park et
al., 2009) 5| FH= Uk STl gk A+1=
tgstA sdE o, AT A7 BUEYE
Sof A % 9 BHT AT ngE Agoln,
Z1 sl wet AR AAET0] BHlslaL glom
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Fig. 1. Alternative habitat and habitat site (A, B, C) of gold-spotted pond frog in Asan.
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M2 BUEEHS 4ot &E4d-7987374, o7k
S A2021-33%). 4985<te] A AvEuigos &
7] Aefoll G A= $Ha0S Bk, A
Zof At tiAA A1 2] A (FF) D BYER et
o] 7|1 2w 2 &8sl Yt o2 AZsrt.

2. 3= U ury

2.1. 912|Y

B AT A Y2 o E2A T TAINEALY A
W BES JU(HA 228,898 mf, 36°47'14.2°N,
127°01'37.9"F)oltt. olid AFA A= = AZAE Al
oot AR 7o) Ul #] Fefjo] Wt A LR E(FTE
718, AgAE) o2 AR ldor, S
= =1 5528 A0 R Bxsky JIAtkFig. 1).

7 A2 2= ST A& R A oF 5.5 km 24
Aol x|t L UEuS W AE5R(36°43°
47.3"N, 127°00°51.5"E)°I™, 8 W&k A|236
T2 AA=o] Qi) F&2 o pAElo] glom ¢
B =9 dZE254(2,920 )7t 2AE O] loH, A4
9 gFo] 7hse HXAA12](9,000 m)E EFSHL
Ath(Fig. 1). AP ZAHE S8l A A 41 2] W 9FA]-a}
FHEE gRlstgon, U] A4l ERIEZ]
oot

2.2, A

Flash lightS 283 Wy} SAHE 0|85t 225}
Ak 1382 2l o = 2021 7€ 847 9€ 2997t
A & 143]°] 2A 28] 5l o]F S JdPsiairt.

BEUHEL 7] At o] A& of 5 gl A G
) 7 Flel 23E 7 APstA e, A4
A AP RS 2gbste] 282K20221)0l= 249 10¢
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39 3025 98 1947k F 133] AAISHAH.
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A AZ]e] AP H7H= Shim et al.(2020)°]
et ShE AR Hd A|4(Habitat
suitability index, HS))E &alstdct. Bt &5 5 A
A AAZ A 7 F8AE= 31, Yo, &, 2414
o] ol FE2] AMAA] 4t A2 A (Lee et al., 2017)
£ Este] 245 H. FtlAE A4 7hs WA,
ool A= AF 22| 3349 A, AN = =§
Jo|2HE ] AT, E(44], HA)olA= F+ 52 |
g Aelste] B@rkstort. T, tiAA AR W A&
A3t QEE wosta, o] WAG(n=285) thH] 7
A5 F7F oIRE mefstr] flof 29-Ajxe] WS
ol-gsto] @A thAAAA] W WA 2715 FA5H
ot 247|¥-2 Choi and Rho(2016)9] I+& #arst
of ZHAEE W old® olEZ HiAlRt HAA
(Closed-population) 715 % AEE A7t 10784
ol wf H-8ot= A (Chapman method) At
|0ttt T FAF] ARNA7Y 1070A4] o) ==
21 e] G FAelle ol dT} ol&o] HAIE HA|
of M= P2 mlu|sttr dfA Ut Gamble et
al., 2007).

A r+Dn+1)

CESTE

(r+1)(n+1)(r—m)(n—m)
(m+1)*(m+2)

95% CI= N+ 1.96/

7= Number of individuals released as mark in the first
period

n= Populations captured in the second period

m= Number of individuals with tag among the number
of captured populations in the second period

2.4, W32 U A2 24

/1729 23 WA 9 HAES AT e
9] FHHAE A6 71 9912 71 opit
Al A2 TEAR(2021-20249)5 Farste] AL
712F ERte] 712, A, AdEEE 7155k A
A2 B2 =& ZFt Q= A A R]of fHg st
2™, Nam et al.(2012)9] A5 #arste] F2H A
o wat (1) ZW7] ?F ©A|(Rice transplantation
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Table 1. Assessment items and factors for optimal site selection of gold-spotted pond frog habitat restoration by Shim er al

(2020)
Assessment area Assessment item Assessment factor Scoring criteria Suitability
Total including habitat,
Space Habitat area otat area 1nc. uding habita Over 3,700 ot m]
spawning area
Insect habitat space being the
. food source of the korean
Feed Low-rise grassland golden frog (Phelophylax be connected m]
chosenicus)
Distance from wetland, The spatial relationship
Cover glassland, farm, stream, (distance) between the habitat Under 50 m m]
rice fields and its surroundings
A f t
Water (breeding) rea of permanen wetland with water Over 500 m’ ]

wetland

Table 2. Average monthly temperature (C), humidity (%), rainfall totals (m) of the study area and population size (n) of
gold-spotted pond frog during the study (2021-2024)

Average temperature

Average humidity Rainfall totals

Population size (n)

Each f th .
ach yearotmon © %) (m) adult  sub-adult froglet V* G total
July 269+ 19 79.6 £ 11.1 103.5 28 17 108 - 153
2021 August 25.0%+ 19 77.9 £ 8.1 243.5 34 104 240 - 378
September 218+ 1.2 74.5 £ 8.0 243.5 4 30 9 - 43
. 28(V)
June 23.0 £ 3.1 70.7 £ 9.1 141 18 71 55(9) 172
_ 16(V)
July 264+ 1.8 77.7 £53 118 2 2 2(9) 44
2022
c B B B 7(V)
August 25.1+£29 81.6 £ 6.4 447.5 1069) 17
September 213 £3.1 73.4 +83 130.5 6 8 2 6(V) 22
October 13.5 + 3.7 74.0 £ 6.5 110 - - 8 2(V) 10
. 15(V)
June 229 £ 2.0 71.1 £ 8.9 121.5 26 18 3009) 89
10(V)
+ + - -
2023 July 26.1 £ 1.5 82.6 £ 6.2 525.5 9 3009 49
2(V)
September 22.7+22 81.1+7.6 227 - - 30 3(9) 35
October 149+ 1.8 749 7.8 14 9 9 - 2(V) 20
) 17(V)
June 23.0 £ 1.8 65.9 + 8.8 98.5 30 65 25(9) 137
July 26.6 £1.6 80.5+ 59 474 - - - 6(9) 6
2024 1(V)
August 282+ 1.3 77.4 5.4 116 1 1 36 51
12(5)
September 252+ 2.7 76.5 £ 8.2 254 - - éi\g 5

*view, **sound
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Fig. 2. Measurement of SVL (Snout-vent length, m) and BM (Body mass, g) of gold-spotted pond frog during the study
(2021-2024).

fields, RT), (2) ¥7t A ?. 2|(Tall rice plant
fields, TP), 3) & & 1F¥7] ¥4 =] (Post-
harvested fields, PH)/] 37}1] FH = =5 A
A7) B2 Al7Fe] SEe] wHE HElR E 4 glom,
Huj7] gk Fx]9] 49 64, W7H 3t %74] 7-94,
2t 5 I%E7] ?l ”JX]L 10l FRIg 4= A
/9] 3¢ "] Qo A3t Attt Psel
w2t 224271 Hislele Ao 2 A 9l om(Park
et al., 1998), A4 TAH S542E 1157 5]
BUHY 7|13t & #A7]of] 23E= 6-7¢0] 2lH
Soad® BAS skt gklE S Al
Zo](Snout-vent length, SVL)2t FAI(Body mass,
BM)E S74sto] 7|=stglon, HRES HA(Non-
parametric test)= 53¢ A= A B E St
Aot opgA| 9] APgdol E FAl= M S5 e
™, B 22 A7 ot AR SAH HATE
Aof| Z3tstlet. AgZolet FAo| FFE nA=
A ade BASH] Qo gutsl AE &£ &

_ZI; ]
3 A B
kS )3 7]
% ne

g

(Generalized linear mixed model, GLMM)& &-&
stelom, AFREL theat Zo] stk Flx)=
[a,b,c,d e f gl (a:SVL b:BM, c: 72, d:
A7, e 2, f: AT, g SR, BE
FA B4 SPSS version 28 (SPSS Michigan
Avenue, Chicago, 1L, USA)S AF&sl3ct.

.23

3.1, MAR| 2 Eot

A A 2] 2 @L g %7}% Bl A= /\1"] 7Hsst
H2o] 11,920 nf
AAIEE 3,700 o ©1/d 71%% %fo} k. ‘3101 ol A=
2% 22| 7ol Ad =] Jlo] Agstlrt. 2414 3
7t A 280l 2R EY] Agl= 1 m W= 50 m ©]
WE AAIRE 20 Fadstalet. (ks fa)ofA
G A9 WAL 2,920 nf 22 500 nt o[4S Al
gk 710l Hetsleltk(Table 1).
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Table 3. Non-parametric statistical analysis (Kruskal-Wallis) of SVL (Snout-vent length) and BM (Body mass) of
gold-spotted pond frog of adult during the study (2021-2024)

Kruskal-Wallis
Gender Year (n)
SVL BM
Male 2021(13)-2022(7)-2023(32)-2024(17) P> 0.05 P> 0.05
Female 2021(38)-2022(19)-2023(12)-2024(14) P 0.05 P)0.05

Table 4. Generalized linear mixed model (GLMM) for effects of SVL (Snout-vent length) and BM (Body mass) of boreal or

meteorological factors during the study (2021-2024)

Meteorological factors SVL BM
(vear) df 2 p-value df x2 p-value
Average temperature 9 1.792 0.994 9 3.343 0.945
Minimum temperature 10 1.876 0.997 10 3.456 0.969
Maximum temperature 10 1.876 0.997 10 3.676 0.961
Average humidity 10 1.938 0.997 10 3.670 0.961
Average rainfall 9 1.792 0.994 10 3.456 0.969

3.2. 0|F Y HLEY

A 717H2021-2024'9) & ZAPE SHE ofF o
o] 712 813t A SE BRI A} Y- A2 of
g 9] HlFo] 71 wokoH, 892 thRE &3 Ho]
 Fasyel 23] vjFo] =4 Yelth(Table 2). 44
5910] 6 W 722 22.8 + 2.2C, BFAUSE
£71.9 + 9.9%, B & FFF2 103.8 + 383 m
Fon, 89L26.3 + 2.5C, 79.3 + 6.8%, 264.9 +
144.2 mZ Yepgch Hay o] o= &34
(Mating call)9] 7% 192H20199)E Al<gt 395
kel RUEE 7Y F 7|5E o, 6~79 HEFA
O 2 ZRIEItH(Table 2). 395+ 6 B+ 7122
23.0 £ 2.3C, A AHEEE69.2 + 9.1%, B F
A5 1203 £ 21.3 m 9om, 7892 264 + 1.

6T, 80.3 + 6.1%, 372.5 + 221.9 m= Yt

3.3, H&zo| Y 2

A7} AAE 2021-20249714) SHelg BT
o] Aol B FAE ZAske] BAGAKFig. 2.
Awd A 27 A, A0l A9 A0 B A
4700] @ BAE 2024¥(n=17)01 43.2 £ 2.2 m, 7.2
1.0 g0.2 71 =7 et on], 1 9] Ao 2
Jolg Kol Iotth. e 2023W(n=12)°] 57.1

=R

H+

+7.7m, 24.2 £ 11.5 g, 20249 (n=14) 56.3 + 4.6
m, 18.2 £ 4.8 g 422 E9tor 1 9 Ao 2
2o 7F YepR] Qkokth, A8t BE A Q] A o]
oF FA| 9] Az zto]E 2438 A3KTable 3), 214
gt Zpoli= VA GEITH(p)0.05). B7hF= <] A%
Zolot BAlof] &2 nH 7144 a1s B4 At
= 2% FAKLE §ov| 514 $3ttH(Table 4).

3.4. FHA|e= L tHA

2021-2024 371219 2=, £k, b5 9 A4
ebda 2] A ATAS BEA5HtH(Table
5). ZAZIZE S3te] FAFE E@ At 7)14d ]
o] A At 20219 9] BH7]-2(p=0.040), 1L
71(p=0.014)7} F-2fm|gt ko] A3t A7 epyt o
o, 202249 H(p=0.023)7 20249 o
(p=0.037)2 F-2lmlet 2] AFEEATE Yepsteh A
A12] ERQle] ¢ 20228 EAolA fojujgt At
(p=0.002)7} Yebgth WAL 20228 Ha 7|2
(p=0.019), A 71(p=0.042), AAA EY
(p=0.003)7} 2] ATIAE e on, FAHo 2
frejmstedct.
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Meteorological

Population size (n)

Breeding (mating call)

factors 2021(1y) 2022(2y) 2023(3y) 2024(4y) 2022(2y) 2023(3y) 2024(4y)
Average temperature 0.624" -0.443 -0.486 -0.737 -0.886" 0.508 -0.704
Minimum .
temperature 0.405 -0.707 -0.486 -0.724 -0.829 0.336 -0.681
Maximum 0711° -0.120 -0371 -0.566 -0.657 0.770 -0.530
temperature
Average -0.220 -0.596 0.091 0.019 -0.655 0.004 0.068
humidity
Daily rainfall -0.073 -0.777° 0.029 -0.963" -0.543 -0.363 -0.934
Paddy type - -0.913"" 0.062 -0.894 -0.892"" -0.548 -0.707
*p<0.05, **p<0.01
Table 6. Population estimation using the capture-recapture method (2024)
~ 95% CI
Marking-Recapture (year) N SE
Min. Max.
2024-2024 690 129 438 942

(r=97,n=133, m=18)

3.5. 714l 27| &4

20240l BAG AAE 27] 54 2, HAA4
A el 60071A9] BT AT 9l 2o
2 upeton], 95% AR4FolA 214 4387071 A
9427412 4 =I%IeH Table 6)

4.1

3

£ A= AT A8A W A48k Qe FEE
202100 tHAA AR R o]FAA 2022HFE] 2024
W7k BUEPE APt A=, 7148 QlS et
g aclo] A2l Aefol u) 2] JFat Eof
2t A A A2 A (FA) 9@ BEHQ] BRUE W
Qb 71224 =E utsty] s AY = et A A 4]
2|2 o]FH MAILEL] Az ARE ;s 95l 34
7ol mYEH S Fof A -5 2D AATHSVL,
BM) Hlwof] 28-& F9lom, F7i7e] Aefo JFS
= 2 8Q1E ety Qs A A x] AgHg 3

b PR B A §2) 221 9l ol 78 )
AR o] FFS T BHL BT

& 2, Agolst Tﬂm—% Folulr 2k
ot BoheEle] Ankgolet B ere T
A 2Qle] e of4 A7 vt glo
2 @7el AAsHE ARZ et #7
Saslofol @ A0 Btk ARG % M A Tre] g
B4 A, ARG BEole, 1)L, B4t 5

_H
.IZ’L
ro,
¢
-
N
N

A0 2§25t 0 H(p<0.05), AR Etdell A=
Srofm|gt A3K(p<0.01)7F UrEbdTh WAL B

| A71(p<0.05)3 AA12] BF4(p<0.01)ollA &2 ‘ﬂ
SHAATAE et FAFe A 254 5
2 2n9] g3 T Zoez d#A Sl o (Nevo
and Schneider, 1976; Radwan and Schneider,
1988; Schwartz, 1988; Wagner, 1989), 271+ €]
B2 F2012), FEe 42 TAL Qe AR
434 AHSung et al., 2007b). °1& & A+t 54
e AnE B 4 9lom, g ee] HAl &A=
7]-23te] %%7417} Aol =2 Y= Ki et al
(2017)8] AFet= e == Aato|nt, A1417] EFgl e
7% A7) whet ohE Fej 2 YER 7] uj o] o]et &



E}‘?J 01 L}E}‘&E}ﬂ s, & Aol A= 17H~7L
2l L7]et BAE w2 HER o 89Th= Yoo et
al(2019)9] A7t FLG BT & 4 Ak 24 7]
7 5 stelE FohTee] 44 B ok Rl
6-79, FAAE 8-9Yo] gelxlo] FATE 8¢ oA
o WA 5 ufRelohs 202 vkttt
AZHoz §LAQ 31/]1;131 =3 v
710 et 71289 6B W7h 4 59 897
A 8 obgAl, 14 78 Slslha, ol S
4 AL FH 0= Aol sk A0 vkt
RUER 713t F1F AR TAIAAA] el B8
5o] 9l A3 FAI2t ol A 1= I+ A=
B =T Qs AE FAoF FE] =o] A B2 A7l

MRz U= a3

wret A7) £@ 9 234 Bo] QS 9o 7t
gA 02 gRIg 4= Y E}. S, =5t 22
glo] gl FHe] Fto g LEHY Ql= Ao ® UER
ok A 717 B3 Eh El A, 5ol AAA 54

& 27ojel A vlw B AT}, SAZOR Ho)
usH] = AOR UWERH(p)0.05), tAIAAA = o
HXHET Agdolet FAZF FAEHIL Q= A
, WA 271 578 A3t @A A A4
A Hfell= 6907H11H /i A4Sk e Al s
FAx]o] o]FH NA(n=285)F AA F3lot= Ao
= Uehdth ol tiAAARIZE S22 AiAlRto] A
Alsh7lo] Aetet S 251 Sl Ao g e
om, A2 AR(EA) Tl ol A4 7k
WA, A5 22 Fhte] A8, 9 A9 HA g
Holl 285 W= o] AHe Ao w Yepdt:
49F¢te] A4 S Fof | e A &
A3t A A AR /‘lj;g(g\_x) ZAL mporat 4= 919l o
tq _g_oxqo] Eqaa _/|: u(;—o U]—qu]- S 01041—4-.
2 Ae] Ayt F7REE HIER BE 7] TAF
o] Bt wpof A Ao A8 4 Q= et
o 712 a = &85V vt
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