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Abstract — Population viability analysis of a Gold-spotted pond frog (Rana chosenica) population
at Cheongwon-gun, Chungbuk, in South Korea was conducted and we proposed several sugges-
tions for effective conservation and re-introduction of the species. Simulating a developed model
over 1,000 times predicted that the population will exist over 30 years with a relatively low growth
rate of 0.113, but with a high probability of extinction as 81.1%. Population growth and extinction
probability were the most greatly depended on the rate of successful metamorphosis. In the case
of outbreak of amphibian diseases such as Chytridiomycosis and Ranavirus, the population will
be easily extinct within 4 years with 100% probability. In a habitat of which carrying capacity is
200, to successtully re-introduce an extinct population, it is initially needed to put 100 individuals
of which 83% is males and its age structure is normal-distributed. If we additionally conducts arti-
ficial supplementation of 10% individuals every 2 years from 4 years to 10 years after initial re-
introduction, the population will become a stable with 0.297 growth rate and 0.290 extinction rate.
Our results are the first case of amphibian population viability analysis in Korea and could be used
to develop effective conservation and re-introduction plans for endangered Gold-spotted pond frog.
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2004), =] Apd B4 <3 (The International Union for the
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Table 1. Ecological parameters used to obtain a baseline simula-
tion model of a Gold-spotted pond frog population in the
population viability analysis using Vortex

Reference

Parameter Value
Reproductive system Polygynous
Age atfirst breeding 32 Cheong et al. 2007
(female/male)
bﬁ’;g;?;giﬁ?on 7 Cheong et al. 2007
Maximum number 120 Won 1971,
of progeny per year Lee 2004
Ratio of males
at breeding 83% Cheong et al. 2007
population (%)
Deunsity dependent
reprozjiuct?on No
Reproductive rate
Adult 5}2;?11?;) 76% Lee 2004
Distribution of the Normal Kim et al. 2002,
number of offsprings (90£30) Lee 2004
Mortality rate
Mortality from age O to | 62.5% Lee 2004
Mortality from age | to 3 45%
Mate monopolization 100%

Byol Hujekr]= o] A9 (Stebbins and Cohen 1995)%}
A 2 d¥ohH e A st e ok
A (subadult)e] A7F H A4 & 3 e} A7)
Z A 1 AR Abehdi= A= 1200 E Y
st o] 2 F el gy F AR FH
Zkal 2,00070 (Won 1971)ell A 5 Al7kA] 2] A<l
6% (Lee 2004)% 3ke] AbEsllch WA A] oA $712
el 3%z 2=AME 2e]d #HT A} (Cheong et al.
2007)ell A3k A A AT S T W En] e
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Hog oln] Al A (lek system)Z 231 gl o
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33E mA S ol o

of &
Sl

o

2) HAIE (Reproductive rate)

Wajel Feish okl nlge oAe] AT (Lee
2004)2FE] SHzle] WAl Fol &3 w s v &
sielshed AAstaleh 2, WA erzie) AR} 17%

2 7 vls] Y538 A7 wFel HAA|e| B2
g BE(100%)7} NAle] Feig Ro= AR} F
ghiler % u|xslgke] ulgo] 24% (Lee 20048 A&
Zeketed T6% 2 S GA T vhele) A S
st ok4=2] =7]]l 1,000~ 2,000 (Kim ef al. 2002)]

& (6%, Lee 2004)8 Fate] kgl om, AE)

i) pEe YARTE = Aoz s

3) Af2HE (Mortality rate)

A e Sojrhe AAEL] AFFES 9
Aol F&he] 62.5%2 31Tt (Lee 2004). 1
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2 AA L] APES GAol obdA el Alkge]
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Tuloka 2] APHEE o]z AFAIel o3

~55%= By 9l (Duellman and Trueb 1994).
Ao Al o]E R wiekom FiFe|e] Ab
55 45% =2 3k
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ufj 5
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AA e 2 APEF (lethal equivalentys} 7+ 2.9le]]
o & %@‘ﬂ—’r—(environmental variation)= A1#& 4 9
L e 9R %59e 4% VORTEX7} Algshe Wi
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5 A A AN Uk F2 AR Wk
ot L}E}V‘ 2 )= ANAE wEe A
= WA AT 1~2K178e
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(1) 917+% AL (Sensitive test)
st w4 Babel FATE AAAEY IR
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Fig. 1. Baseline simulation model, the result of population viab-
ility analysis of a Gold-spotted pond frog population at
Cheongwon-gun, Chungbuk. The dashed line means the
carrying capacity of the habitat.

A7)8} 88 o 519902 REHF o= §X

02 Jd&Hget ARt AE shsAdE 0811%
A vehde =5t ALAMAA S g2 ARA
He) 64v2) A BAE Sk Aoz ek A
4855 (100m}2he] A mHH Fake Al
et

IUCN (2001)-2- 3] °}= (vulnerable species)& ZZ 10
d el = A Al gt AR Z7)7F 50% o)A
ZolE Fo= Hosn ek & A7 /1A mdel] 9
s 2ol e AAZS ¥
24 LR A EE B o AAEe] 29

o

>i

oo 2 o A
M

MURE G 40

7PsAelA FHokoew ERIE FE7) 9le] mldk
sAuk AdrbsAde] vl$- wA Jepdve AL %
& grsloh AE e AR AlEE o] oA A
)21 Algd ol 7|zF Fek F 306 Atelel] Mo
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oJ3ke W= o= HAFY(Fig. 2, Table 2). Q7=
g 98] AR WAE FolA oA AbiE,
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Fig. 2. Results of sensitivity tests for the simulated Gold-spotted
pond frog population. The graph shows stochastic popula-
tion growth rate for models in which a particular parameter
is varied. The values for baseline models were level B for
the mortality rate (MR) and metamorphosis rate (MMR),
and level C for the carrying capacity (K) and Reproductive
rate (RR). See table 2 for the detailed level setting (W, MR;
AL, K; @ RR; 0, MMR).

Table 2. Results and parameters used in sensitive tests of a base-
line simulation model

Extinction

Parameter Value Growth Pop‘t}lation
rate rate S1Z¢
47% 0.181 0.704 61.49
A 529 0.161 0.729 60.86
Mortality 57% 0.139 0.794 57.83
629 * 0.113 0.811 51.99
67% 0.063 0.881 48.68
1% —0.222 0.998 23.00
, 6% 0.113 0.811 51.99
Metamorphosis 1, 0.254 0.709 62.36
16% 0.314 0.721 63.40
21% 0.403 0.645 64.02
60 0.120 0.866 40.28
Carrving 80 0.109 0.861 47.58
éap};ci?y 100% 0.113 0.811 51.99
120 0.118 0.762 60.59
140 0.104 0.749 60.99
66% 0.079 0.858 50.15
_ 71% 0.084 0.835 52,07
Reproductive 765 0.113 0811 51.99
rate 81% 0.133 0.779 54.68
86% 0.154 0.768 57.19

* values used to obtain a baseline simulation model
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Fig. 3. Population sensitivity to amphibian disease infections (®,
Chytridiomycosis; © . Ranavirus).
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Fig. 4. Sensitivity of the recovery population of the Gold-spotted pond frog to various changes of ecological parameters. A : Step 1, size of
re-introduced population (@, growth rate; O, extinction rate), B : Step 2, sex ratio of the frogs re-introduced (®, growth rate; O,
extinction rate), C: Step 3, age composition of the frogs re-introduced ( @, stable distribution; O, only froglet; W, only adult), D
Effect of artificial supplementation after initial re-introduction ( @, no supplementation; O, 10% add every 2 years; W, 20% add every 2

years).
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/‘j X3 A 0374, 20% B.3E A
038161905k A 2] 1ol SelHs 2gol e
of Wl MFL Bk Bk E AolE Vel (Fig
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28 AEEE T 4 U Lo vl
A8 (0.297, AE7%A 0.2902 7
30d & 1389k 7A] A&
o} (Fig. 5).
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dloll A7} 3lo} (Akgakaya and Sjdgren-Gulve 2000). v
2hA AT EEA Y] Ao RAS 3 AH AR
2] ZAHE o]go] v} (Beissinger 2002) 1 A o) o3l
A= a3l A AAE 7 9)r) Reed ef al. (2002)2 A
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Fig. 5. Baseline simulation model, the result of population viab-
ility analysis of a re-introduced Gold-spotted pond frog
population. The carrying capacity of the habitat assumed as
200. The number of initially re-introduced individuals was
100. Other ecological parameters adapted and used the data
from Cheongwon-gun population analysis. In addition, we
assumed artificial supplementation of 10% individuals
every 2 years from 4 years to 10 years after initial re-intro-
duction.
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