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Abstract

Amphibians can be classified into chordata and amphibia, now (not including the
polar regions) about 6,700 species of the Gymnophiona, Caudata, and Anura families
are distributed around the world. In Korea there are 22 species of amphibian.
This study shows the present situation of the amphibians inhabiting Jeju Island, I
have studied their spawning places and a life cycles not only to help preserve their
habitats and ensure continued diversity, but also to provide the data which is
necessary to enable programs to recover and preserve wetlands in the future. Among
the amphibians inhabiting in Jeju Island, the living, spawning, hatching, larva growth
habits and the ecology characteristics of Rana dybowskii have been studied.
Sampling has been done in various survey areas including swamps and ponds
distributed all around Jeju Island from February in 2004 till October 2010. The
research on the ecological characteristics of the collected eggs, tadpoles and adults,
etc. has been done in the laboratory or at the orchard in Jeju Girls' High School.
There are 290 survey areas, 39 in Gujwa, 16 Namwon, 19 Daejeong, 20 Segwipo
City, 23 Seongsan, 12 Anduck, 34 Aewol, 2 Woo Island, 36 Jeju City, 38 Jocheon,
10 Pyoseon, 19 Hankyoung and 22 Hallim.

1. The Status of Amphibians in Jeju Island.

1) It has been reported that Jeju salamanders, toads, red-bellied frogs, green frogs,
blockheads, leopard frogs, gold frogs, ranids, northern mountain frogs and bull frogs
are currently inhabiting Jeju Island.

2) Since 1990, through dozens of research projects, toads, gold frogs and ranids
have been observed however none have been observed for the past five years.

3) According to the result of an on-the-spot survey in Jeju Island, Jeju
salamanders, red-bellied frogs, green frogs, blockheads, leopard frogs, northern

mountain frogs, bull frogs and all introduced species, are inhabiting Jeju Island.

_ix_
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2. A life cycle of Rana dybowskii

1) Northern mountain frogs inhabiting Jeju Island lay eggs from January to April,
but they lay eggs even in the middle of May. That's because larvae can be observed
in the high valley and in Halla mountain in August, too.

2) The number of eggs in one lump is 635 to 1,880. The average number of
them is 1285.1 + 266.4.

3) In case of the laid eggs in early February, it took 20 days to hatch. In early
March, it takes about 15 days. Depending on the water temperature, it took between
6 to 9 days.

4) After 50 to 60 days, hind legs of tadpoles came out, later fore legs came out
20 to 30 days later. It took between 80 to 120 day after spawning to become a
baby frog.

5) The total body length of female adults is between 53.8mm and 82.0mm. The
average length is 67.840.8m(M+SE). The total body length of male adults is 41.3mm
to 60.7mm. The average length is 50.1+0.3mm(M=+SE).

6) The weight of female adults is between 14.7g and 60.6g. The average weight
is 34.0+1.2g(M+SE). The weight of male adults is 6.4g to 20.3g. The average weight
is 12.4+0.2g(M<SE).

7) The reproductive age of female Rana dybowskii is 4 to 9 years old, and the

age of male is 3 to 9 years old.
3. Characteristics of the spawning area of Rana dybowskii.

1) Rana dybowskii lay eggs in the small, shallow ponds and the area between the
surface of the water and border of pond.

2) When they decide the habitats, they avoid deep and wide ponds, but they
prefer ponds without predators like a crucian carp and a mud fish.

3) The result of examining the chemical composition of water shows that the

difference only in the temperature of water and salinity exists but not in pH and
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Oxygen between the two comparable areas.
4. Mating tendency of Rana dybowskii.

1) The length and weight of males and females which participate in mating shows
that the difference in both sides exists at the significance level of correlation
coefficient 0.01.

2) A small sized female mates with a small sized male and large sized female
with a large sized male. The optimum gamete of a female is the male whose length
is 82% of female's length and weight is 53% of female's weight.

3) A female frog chooses a male frog appropriate to female's length and weight as
female's gamete because they can relatively have good position of cloaca and

interspace while mating, and even move easily to the other area.
5. Correlation between the number of eggs and body of Rana dybowskii.

1) A long and large female lays more eggs than a small female.

2) The age of Rana dybowskii measured by the bone age measurement ranges
from 4 to 9 and the average age is 5.8+0.2(Mean+SE), and the average number of
eggs is 1285+34.7(Mean+SE).

3) The length of females which participate in reproduction has a correlation with
age, but the weight of a female has no correlation.

4) The result of researching 52 individuals which were identified their age among
Rana dybowskiis which participated in mating, showed that 35 individuals aged 5 to

6 occupied 67% and they participated in mating very actively.

Data acquired through this survey would be helpful for preservation of habitat and

development of a restoration program for future swamp ecology.
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W8] (Rana nigromaculata) ~AF5 FE1R)
2078l (Rana rugosa) —AFS B

Okada(1928) - A7l -2l (Rana temporaria)
Okada(1928) - =712 (Rana nigromaculata coreana)

73 5(1968), BH(1982), W 5(1985)2 “7L ¥ Sannon(1956)3 Webh(1962)°]

St Ab AT, IRl B =gelA 79 AR BEEQ RS delal 9
>3 glo =52 ZA Ay AR=(Sannon)< ‘The Reptiles and

Amphibians of Korea' @& =o)X AaFxAlel dsltom AFL7) ofd FAEE
ZAF o FAREAA FAFE, WEo], /e 3TN ol e 9

wolol FAH], AT, EATEe dHS AT 9(Webb)2 ‘Some

Reptiles and Amphibians from Korea @)= =&-oA HA] AFFALe] dstoz

AFEoA v < B st
&5 (Hynobius leechii) -A 7
370 2] (Bombina orientalis) e
ANl (Hyla arborea japonica) -A g
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0+ 2] (Rana nigromaculata)

A0 H196) Fekak She AR A E

AR

%3} b 22 63} 85 WEHAL

=23 (Hynobius leechii) —old A= A
AW 2](Hyla arborea japonica) o] A= A
3712 (Bombina orientalis) o] AF=w g
T8 (Bufo bufo asiaticus) ol AT e=w A
™ %-o] (Kaloula borealis) ol Ae=a Ay
2 (Rana nigromaculata) —old AFE=R A
&N+ (Rana rugosa) -old AF =i A
2WMtE] (Rana temporaria) ol AFEE AE

o) F FI FATRE AR AR B

AFEE EJAA 2% 63} 950 7 Hgle

& EAE A7) skl

=% % (Hynobius leechii)

=798 (Bufo bufo gargarizans)
3

2370 52 (Bombina orientalis)

2

B %2 o] (Kaloula bomrealis)
A N2 (Hyla arborea japonica)

7072 (Rana planchyi chosenica)

W2l (Rana nigromaculata)
A8 (Rana dybowskii)

2778 (Rana rugosa)

= o , ‘O
“ATE

—w=g
AT E
-AFE

-AFE

-AFE=

—w=g

“ATE

HFeEA(1982) L AF =AY HFEE e
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270 2] (Bombina orientalis)

o,

7o) (Kaloula tornieri)
W2l (Rana nigromaculata)

=0 2] (Rana planchi chosenica)

TS F = (Hynobius leechii quelpaertensis)
3

-1,500m ©] %4

-1,000m 7}A], 1500m ©]7
-500m ©] 3}

-500m ©] s}, 1,000m 7}
-500m_©] 3}

2702 (Rana temporaria dybowskii)

B3 Sz AR 1A 7] 2354}

A== F % (Hynobius leechii quelpaertensis)

A8 (Bufo bufo gargarizans)

O F W 5395 Fehtel A thee] 2%
o]
l

-1,000m 7}A], 1,500m ©]%

63 9F-& AHsto] FFepabd

F3 042 (Bombina orientalis)

o,

) o) (Kaloula borealis)
AW +2 (Hyla arborea japonica)
W2 (Rana nigromaculata)

=02 (Rana plancyi chosenica)

20 T-2] (Rana dybowskii)

272 (Rana rugosa)

WF=(1990)2 90 AAAYEA A zAP A 19850 AT V5= Fa

ato] AFwE o FAF 25 63 9% Z1AsATH

A TFX=55(Hynobius leechii quelpaertensis)

78] (Bufo bufo gargarizans)

37N 2] (Bombina orientalis)
A2 (Hyla japonica)

w2 o) (Kaloula borealis)
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W2l (Rana nigromaculata) -ZF Al (Eolarel )

7)
= | 72| (Rana plancyi chosenica) AN E YS
2 T2 (Rana dybowskii) A K
2 N2 (Rana rugosa) A% A=E, AAGEE FR

E BREstHA AFEe] GAMF 25 63 9FS 7SS

A== F 5 (Hynobius leechii quelpaertensis) -°]7 A= A
78] (Bufo bufo gargarizans) -o]ld AT =w A
3712 (Bombina orientalis) —ol AF=E A
o] (Kaloula borealis) ol A= A

A W2 (Hyla arborea japonica) o] A= A
2 (Rana nigromaculata) —old AFE=E Ay
=02 (Rana plancyi chosenica) ol A= Ay
A0 2] (Rana dybowskii) —olA A= A4y
&N+ (Rana rugosa) -old AFEE A

A Aol A Mori(1928)7F et Buxe] T8[9k gl AAded &
g Aol flar, 2 offelx= A rIFo] glukrh W S(1985)°] Gk Ad RS
79 StEAtE A, e o Wd=(1990)0] 90 AAAY BN Al A = AR ol A

v RN oAt ok AR WA Rl Basa, ST A
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Table 1. History of the amphibian studies conducted on Jeju Island (@; Collection, @; Audience, ©; Bibliography, O; Sample)

Mori Shannon Webb Kang & Yang & Park Baek Baek Song Oh & Oh Oh & Song & Oh Kim & Oh Oh Oh This
i et al. Kim i

Scientific name Yoon  Ryu et al. Kim Cho Kim etal g4
(1928) (1956) (1962) (1968) (1978) (1982) (1985) (1990) (1999) (2001) (2002) (2003) (2004) (2004) (2004) (2005) (2006) (2007) y

Hynobius quelpaertensis @ (] O O @) (] (] (] (] (] [ ] [ ] [ ] (] [ ] @) [ ] [ ]
Bombina orientalis @ [ [ © © [ ] [ ) [ ) [ ) [ [ ) [ o o © o [
Bufo gargarizans (@) © O ( ( © ©O

Hyla japonica [ [ ] © O [ ) [ ) [ ) [ [ [ [ ) [ [ [ ) © [ ) [
Kaloula borealis [ ) [ ) © O © @) =) [ ) [ ) © [
Rana nigromaculata @ [ © O © [ ] [ ) [ ) [ ) [ ) [ [ ) [ o o © o [
Rana plancyi chosenica O © © © © ©

Rana rugosa o e © O ( ] © ©O

Rana dybowskii © O © [ ] [ ) [ ) [ ) [ ) [ [ ) [ o o © o [
Rana catesbeiana [ ] © [
No. of species 7 3 4 8 9 6 9 9 4 5 5 5 6 5 5 10 10 5 7

Collection @ jeju



o, B 24

[e>
AR

5t

°

=

=

a3l

o

ﬁx

&7

o

af 2004 29 5B 2007 10€7kA] A ZAL

)

g 9

=

AT

20089 1€ 1978 2008 10¥ 3147bA o] Fol i th

7}he A 7R
3] okzt 273] R 933]] AA 3
B 1,950m 7}A o}

"
T:
T

=]

to

e
bt

°

4

=

F

A

}\é A

to 2%

Al 2070 2,
[}

°ol-&

)
X

=

=

vista C)

Garmin Co.,

39N 4, FEF 16704, A5 19704, A
GPS(WGS84,

HO1270 %, hES 34 A, $EW 2704, AFA 3670, 2HE 3870

(Appendix. 1).

[e]
.

B
L

Tor

N

—_—

ﬂAl
|
—_

N

Inw

;OL
alg

=K

I

U

)

b1 9

°

=

Tor
)

AAA &

AT =

Co.),

_10_

H o] 1 o] 28 2] 3 2~ (Gaunglu

A2
(Precision Load Cell Balance JW-1)

ELEED

Collection @ jeju



Z o] (Snout-vent length; SVL)#kS o] &35t

A1
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Fig. 4. A map showing the spawning sites of Hynobius quelpaertensis (altitude : 3m
~ 1,950m).

AFwgre] Ade n% 3md PzidA 1950me WEwAA AT

_12_

Collection @ jeju
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Fig. 5. The life cycle of Hynobius quelpaertensis. a) New-laid eggs, b) Eggs 1 hour
after Spawning, c¢) Eggs 4 days after spawning, d) Early stage of neurula, e)
Metaphase of neurula, f) Telophase of neurula, g) Metaphase of organogenesis periods,
h) Telophase of organogenesis periods, i) Juveniles 3 days after hatching, j) Juvenile
35 days after hatching, k) Allied predation by larva, 1) Dark brown adult male, m)
Light brown adult female, n) Male belly without white spots, o) White-spots-bellied
female.
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Spawning
Frequency
per year
51
64
74
17

Site
Eojungyo
Bilremot
1100-wetland
Seongpangyo

Last spawning record

Date
Apr. 22
Apr. 18
May 07
Apr. 20

Site
Dongbaekdongsan
Dongbaekdongsan

Myosanbong

First spawning record
Bilremot

Date
Feb. 04
Feb. 05
Jan. 14
Jan. 20

Year
2005
2006
2007
2008

Table 2. The first and last observation of egg clutch
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Table 4. Morphometrical measurements of Hynobius quelpaertensis

Sex No. Range Mean+SE (p)
SVL Female 68 55.1-98.8 66.6+0.9 0.001
(mm) Male 53 47.1-75.7 62.4+0.8
Weight Female 68 3.5-13.8 8.0+0.2 oo0s
(2) Male 53 32-112 6.8+0.3
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Fig. 6. A map showing the spawning sites of Bombina orientalis (altitude : 415m —~
1,950m).
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Fig. 7. The life cycle of Bombina orientalis. a) Eggs stuck on the rock, b) An egg
stuck on the rock, c¢) Metaphase of organogenesis periods, d) Telophase of
organogenesis periods, e) New-hatched juveniles, f) Back of tadpole, g) Belly of
tadpole, h) Albino and general tadpole, i) Tadpole with hind legs, j) Tadpole with
hind and fore legs, k) Froglet, 1) Red-spotted-belly as a somatic, m) Thin and smooth
foreleg of female, n) Rough and stubby foreleg of male, o) Mating position; male
hugging female.
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Table 5. The first and last observation of egg clutch

First spawning record Last spawning record Spawning

Year Frequency

Date Site Date Site per year
2005 May 08 Bangseongyo Jul. 25 Eojungyo 11
2006 May 08 Eojungyo Jul. 18 1100-wetland 17
2007 May 10 Bangseongyo Aug. 07 Seongpangyo 23
2008 Apr. 24 Eojungyo Aug. 17 Seongpangyo 15

M52t (40~607H)

PSR

(2EH)

Rer
g

3 & Ho|

Fig. 8. Internal organs of Bombina orientalis. a) Dissection, b) Maturation eggs
and food
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E
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Table 6. The first and last observation of juveniles

First Last Identified
Year
Date Site Date Site frequency
2005 May 23 Bangseongyo Jul. 25 Eojungyo 31
2006 May 25 Eojungyo Aug. 11 Seongpangyo 39
2007 May 30 Bangseongyo Aug. 23 1100-wetland 42
2008 Jun 04 1100-wetland Sep. 17 1100-wetland 36
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Fig. 9. A map showing the spawning sites of Hyla japonica (altitude : 3m ~
1,950m).
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Fig. 10. The life cycle of Hyla japonica. a) New-laid eggs, b) Eggs on the leaf, c)
Early stage of neurula, d) Early stage of organogenesis periods, e¢) New-hatched
juveniles, f) Juvenile 3 days after hatching, g) Juvenile 20 days after hatching, h)
Back of tadpole, i) Golden-bellied tadpole, j) Tadpole with hind legs, k) Tadpole with
hind and fore legs, 1) Albino tadpole with a golden body from head to foot, m)
Froglet, n) Jaw of male with a black vocal sac, o) Mating position; male hugging
female's armpit.
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Table 8. The first and last observation

of egg clutch

First spawning record Last spawning record Spawning
Year Frequency
Date Site Date Site per year
2005 May 08  Gwaneumsa Jul. 25 Tamraseong 17
2006 Apr. 30 Orchard Jul. 09 Hakrimgyo 23
2007 May 27  Dongbackdongsan Aug. 07 Eojungyo 25
2008 May 20  Bilremot Jul. 20 Orchard 19
AT S et 2 A Abgsked 59 XA 8Y X Abe
o stk @ Fak dARolu wyl & o Bo| ol Folu, Fuhuel:
T2 WEo|7t Abgksks ol zro] Abgetln Abee HWAIAT W A
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S dAe sFske] BRI Ay A3t & = 600-90078 HE=iaL,
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Table 10. Morphometrical measurements of Hyla japonica

Sex No. Range Mean+SE (p)
Female 20 43.6-50.1 46.3+0.5
SVL 0.000
(mm) Male 38 34.5-47.1 40.0+0 4
~ Female 20 6.5-12.9 8.7+0.4
Weight 0.000
() Male 38 4.3-8.2 5.940.2

AdA Y AL Ht 46.3£0.5mm(MeantSE), 72 40.0+0.4mm(Mean+SE)©] 21
I, 7 AGE 3 A B (test) 2 p < 0012 FYFT 1%0A A
T el A Aol U= AdoE ueuEt. A AT W
8.7+0.04g(Mean+SE), 712 5.9+0.2g(MeantSE)o| 1, F+ F & 7+ v a4

A3 p <0012 FolaE 1%A A2} 2 ZFoll ATl o] AFol7h =
Ao 2 e
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Fig 12. A map showing the spawning sites of Kaloula borealis (altitude : 3m -~

374m).
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Fig. 13. The life cycle of Kaloula borealis. a) One-storied spawn spread on the
surface of water, b) New-laid eggs, c) Metaphase of organogenesis, d) New-hatched
tadpoles, e) Juvenile 3 days after hatching, f) Juvenile 10 days after hatching, g) Back
of albino and general tadpole, h) Belly of albino and general tadpole, i) Black-spots-
bellied tadpole, j) Side of tadpole, k) Tadpole with hind and fore legs, 1) Froglet, m)
Albino and general froglets, n) Adult male, o) Mating position by male's hugging
female's armpit.
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Table 11. The first and last observation

of egg clutch

First spawning record Last spawning record Spawning
Year frequency
Date Site Date Site per year
2005 Jun 26 Eouksaemi Aug. 24 Eoeum2-ri 15
2006 Jun 08 Sineom Jul. 25 Wonmul 21
2007 Jun 13 Eouksaemi Aug. 06 Sineom 22
2008 May 28 Wonmul Aug. 11 Eouksaemi 16
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Table 12. The first and last observation of juveniles

First Last Identified
Year 6
Date Site Date Site requency
2005 Jun 27 Eouksaemi Sep. 14 Eojungyo 25
2006 Jun 09 Sineom Aug. 24 Wonmul 32
2007 Jun 14 Eouksaemi Aug. 27 Sineom 37
2008 May 29 Wonmul Aug. 31 Eouksaemi 23
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Table 13. Morphometrical measurements of Kaloula borealis
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Fig. 14. A map showing the spawning sites of Rana nigromaculatus (altitude : 13m
~ 1,950m).
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10mm

Fig. 15. The life cycle of Rana nigromaculatus. a) Egg spawned in a form of cluster,
b) New-laid eggs, c), d) and e) Metaphase of organogenesis periods, f) Telophase of
organogenesis periods, g) New-hatched juvenile, h) Tadpole 7 days after hatching, i)
White-bellied tadpole, j) Tadpole with processes of hind legs, k) Tadpole with hind
legs, 1) Tadpole with hind and fore legs, m) Froglet, n) Male with a vocal sag on
both sides, o) Form of hugging.
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Table 14. The first and last observation of egg clutch

First spawning record Last spawning record Spawning
Year frequency
Date Site Date Site per year
2005 May 19  Jeongmul Jul 15 Bilremot 13
2006 May 09  Myosanbong Jul 09 Bilremot 22
2007 May 19  Dongbaekdongsan Jun 27 Hadeokcheon 25
2008 Apr. 12 Bilremot Jun 30 Seongpangyo 18
2008 A 7F FA @ot 490l A5 Abdsl o, AT e ke B
S DUFH AFEAY. o= v JHgre sl Hlal mla abdAlE A7) =

o ot}
ek == 3,000~5,0007) Aol
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e 42 3569 A== F37)ito] dskt
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Table 15. The first and last observation of juveniles

First Last Identified
Year 6
Date Site Date Site requency
2005 May 26  Eouksaemi Aug. 02 Bilremot 28
2006 Apr 25  Geolwolimot Jul. 28 Bilremot 38
2007 May 30  Dongbaekdongsan Aug. 07 Honinji 34
2008 May 15  Bilremot Sep. 11 Hadeokcheon 21
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Table 16. Morphometrical measurements

) S, e A AT

of Rana nigromaculatus

Sex No. Range Mean+SD (p)
SVL Female 26 68.8-98.5 83.6+1.2
0.000
(mm) Male 71 66.5-85.2 75440 4
: Female 26 32.1-157.6 69.2+4.6
Weight 0.000
() Male 71 26.4-72.6 43.4+0.9

pa)

g

M

oA AFe P 83.6+1.2mm(MeantSE), AL 754+0.4mm(MeantSE) ) ©.
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Fig. 16. A map showing the spawning sites of Rana dybowskii (altitude : 3m ~
1,950m).
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s

Fig. 17. The life cycle of Rana dybowskii. a) Eggs of spawn, b) Early stage of
neurula, c) Early stage of organogenesis periods, d) New-hatched juveniles, e)
Juveniles 5 days after hatching, f) Juveniles 10 days after hatching, g) Tadpole's
golden-spotted belly, h) Tadpole with hind legs, i) Tadpole with hind and left foreleg,
j) Tadpole with missing tail, k) Froglet, 1) Dark brown male, m) Light brown female,
n) Hugging position, o) Female after spawning and a cluster of eggs.

_40_

Collection @ jeju



2]

il

A

3) AH

Spawning
frequency
per year
66
156
91
16

Last spawning record
Site
Bangseongyo
Bilremot
Bangseongyo
Seongpangyo

Date
Apr. 06
May 04
May 12
Apr. 17

Site
Dongbaekdongsan
Gangjeongmot
Eouksaemi

First spawning record
Bilremot

Date
Feb. 04
Jan. 24
Jan. 21
Jan. 21

Year
2005
2006
2007
2008

Table 17. The first and last observation of egg clutch
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Table 19. Morphometrical measurements of Rana dybowskii

Sex No. Range Mean=®SD (»)
SVL Female 66 53.8-82.0 67.8+0.8
0.000
(mm) Male 204 41.3-60.7 50.1£0.3
Weight Female 66 14.7-60.6 34.0+1.2
0.000
() Male 204 6.4-20.3 12.4+0.2

ol o

67.8£0.8mm(MeantSE), 5 %12 50.1+0.3mm(Mean+SE) %] &
H, 7 A 7 "ae A (test) 23 p < 0012 FoFE 1%C0A 42l
T el A Aol U= Ado®R ueuEt oA AT W
34.0£1.2g(Mean+SE), 72 12.4+0.2g(Mean+SE)°] St} F+ o+ I+ Fv] w24
A3 p < 0012 FoFE 1%0A4 A 2 el AT Ael7h de Ao

ek,
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Fig. 18. A map showing the spawning sites of Rana catesbeianus (altitude :

96m).
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Fig. 19. The life cycle of Rana catesbeianus. a) Widely spread egg clutch, b)
New-hatched juveniles of Rana catesbeianus and Bombina orientalis, c) Tadpole's
black-spotted back, d) Red-yellow-bellied tadpole, ¢) Tadpole with hind and fore legs,
f) Adult (female).

3) AH 54

Table 20. The spawn date

Year Date Site

2005 Jun 06 Gwangjimot
2006 Jun 14 Yeogguimot
2007 July 27 Yeogguimot
2008 May 15 Yeogguimot

FaoNTEl = 5-649d Atdem & ol vt v
o, BE 60007804 4xt7He] Lol St 2t Hjojd &Aool AV= 9
At Aol 2 3tek(Fig. 17. b). o =
< Wi o Qe wek Ao mhy it
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Fig. 20. A map showing the survey areas in Jeju Island (altitude : 3m ~ 1,950m).
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Fig. 21. An artificial pond made to study the spawning, hatching and growth of
juvenile of Rana dybowskii. a) Covered with the net, b) Uncovered.
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B P Sk S 19 Faol AREIE s nE 29 ol
Abgko] b=, 200558 2008d7kX] 9] V=& BW H2AA77F A
kA= Adgs BEStH(Table. 21). 3 9d Add g s AuEd, 29 T
-39 TE7MA U SRS o =& A 490 AbekS sha 5 x4t
@e sk ZAX SitH(Table. 22). Al=eolut ekt s Had WM = 54 T&7t
A& Abeg ghuh Abgh2 @7l Wol RojA Hubehs sh=d 22 3l
Ae sw 449 8ol 7] Yrow AzHEd.

Table 21. The first and last observation of egg clutch
First spawning record Last spawning record Spawning
Year Frequency
Date Site Date Site per year

2005 Feb 04 Dongbackdongsan Apr 06 Bangseongyo 66

2006 Jan 24  Gangjeongmot May 04 Bilremot 156

2007 Jan 21  Eouksaemi May 12 Bangseongyo 91

2008 Jan 21 Bilremot Apr 17 Seongpangyo 16
Table 22. Monthly spawning frequency of Rana dybowskii

Month
Year Total
Jan. Feb. Mar. Apr. May
2005 17 41 7 1 66
2006 1 63 64 21 1 150
2007 3 59 16 9 2 89
2008 3 2 8 3 16
total 7 141 129 40 4 321
— 53 —
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Fig. 22. The egg mass of Rana dybowskii. a) Just spawned eggs, b) Animal
pole(black) and Vegetal pole(white).
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Fig. 24. Development of Rana dybowskii. a) Ooblastema, b) Ooblastema-2cells
stage, c) 2cells stage, d) 2-4cells stage, e) 4cells stage, f) 8cells stage, g) 8-16c¢ells
stage, h) 16-32cells stage, i) Morular stage, j) Blastular stage, k) Gastlula stage, 1)
Neurula stage, m) Neurula-organogenesis stage, n) Organogenesis stage, o) Hatching

juvenile.
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Table 23. Period from the spawning to the growth of the froglet with hind legs and

forelegs at an artificial pond

Time of Time with Time with Time of
hatching hind legs hind legs from
Collection sites State from from from spawning
spawning spawning spawning to froglet
(days) (days) (days) (days)
Feb 28 Apr 11 May 24  May .27

Collection

Year ™ jate

Feb 08 Dongbaekdongsan new-laid eggs (20) (62) (105) (108)
Feb 15 Eouksaemi new-laid eggs M(alrg;) 5 A%)6rz)14 Nﬁ}ézgs Nﬁ}é 6%8
Feb 28 Dongbaekgadeun new-laid eggs M(alr6)16 A%)Sr 6)25 JIEI917())1 J(lllréo‘)‘
2005
Mar 12 Dadorimot new-laid eggs M(alr4)26 M?SY 4)05 J‘Er913)13 Jl?gl 6)16
Mar 27 Eouksaemi new-laid eggs A?lr 1;) 7 M?SYO)M leré7§2 J1Er910§5
May 8 Gwaneumsa new-laid eggs Ma?;)ls Jlaﬁo J1(11822)9 A‘(ISgS)OI
Feb 02 Gangjeongmot new-laid eggs Ff(:]233)25 AF6r3§)4 1\/{21‘3(’)3;4 Nﬁ}(’) 6;7
Feb 15 Dongbaekdongsan new-laid eggs M(azro)()7 A&rl)” 1\/{%0%6 1\/?11}(,)59
Feb 26 Hangomot new-laid eggs M(alrs)13 AFSY 6)23 J‘%g 63)3 JIEI919§)6
2006 Mar 19 Eouksaemi new-laid eggs M(alrz)31 M?SYO)OS J‘%goy J‘?gl 3§0
Apr 02 Jeojisudong new-laid eggs Ap(r9)13 M?anl J‘%Iégo J(‘1910)3
Apr 12 Bangseongyo new-laid eggs Ap(r9)2 1 M?ngo J‘(l%wl)o J‘(lé 01)3
EgE AFAZe 7o) HAKY FA 9 7|2HTE H 1-2CHE oA
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Table 24. The first and last observation of tadpole

First Last Identified

Year frequenc

Date Site Date Site 4 y
2005 Feb. 20 Myungdoam Aug. 02 Bangseongyo 36
2006 Feb. 13 Gangjeongmot Aug. 05 Jwarangmot 107
2007 Feb. 05 Inhyangrimot Jul. 28  Eojungyo 71
2008 Feb. 28 Hakrimgyo Jul. 29  Seongpangyo 12

2 Rse SA0 5 277 10mmAEelH, 9iolsbulE et 29 %o
Wohe SYolEL 5-TUHE Yukrh HolBE L S, 39kl F3HE Lo

o HolBEL I

i

O
fr
ins
-3

=
T

A B8 wolst gow o

Fig. 25. The tadpole of Rana dybowskii. a) New hatching juveniles, b) Radula of a
tadpole that helps gnawing the prey.
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Fig. 26. The tadpoles' legs are growing out. a) Tadpole with bud of
forelegs, b) New developed right foreleg, c¢) and d) Tadpole malformed
foreleg.
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Fig. 27. Froglets of Rana dybowskii. a) Froglets in group, b) Gathering froglets.

w7k 3] flolxl oY e ES 23e &) Bk e, HE s

A R PR} AT welBEL A 2@ A3 &4 Aol FelsA o)

10mm

Fig. 28. Froglet is smaller than a juvenile with a tale.
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Fig. 30. Adult of Rana dybowskii. a) The bulgy bellied adult female before
spawning, b) Adult male.
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Fig. 31. Surveyed of Rana dybowskii spawning site.
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Table 25. Spawning site and not used spawning site of Rana dybowskii

Spawning site

Not used spawning site

Distance(m)
No Category No Category
200 Natural pond 171 Natural pond 1,600
175 Natural pond 194 Natural pond 1,100
209 Natural pond 235 Natural pond 740
185 Natural pond 225 Natural pond 450
255 Natural pond 245 Natural pond 2,100
259 Natural pond 246 Artificial pond 2,600
278 Natural pond 284 Artificial pond 3,600
275 Natural pond 282 Artificial pond 1,400
54 Natural pond 45 Natural pond 600
154 Natural pond 153 Artificial pond 5
141 Natural pond 140 Artificial pond 2,200
150 Artificial pond 149 Artificial pond 20
113 Artificial pond 26 Natural pond 2,600
127 Arttificial pond 121 Natural pond 1,000
68 Natural pond 72 Natural pond 5
80 Natural pond 64 Natural pond 570
90 Natural pond 89 Natural pond 800
62 Natural pond 82 Natural pond 470
87 Natural pond 60 Natural pond 1,490
79 Arttificial pond 84 Natural pond 40
75 Natural pond 86 Artificial pond 840
— 66 -
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Table 26. Characteristics and classifications of waterbodies used as oviposition sites by
Rana dybowskii, compared with neighbouring waterbodies that were not used by Rana
dybowskii

Spawning site Not used spawning site
Mean(SD) Mean(SD)

Habitat variables
Pond area(m’) 218.90(201.12) 1,255.86(1664.29)
Water depth at 1 m from shore(m) 0.25(0.08) 0.61(0.25)

Height of the Water surface and edge(m) 0.21(019) 0.75(0.42)

Vegetation under 1 m high(%)
Vegetation over 1 m high(%)

Water surface covered by vegetation(%)

65.25(28.49)
11.43(13.05)
24.05(23.54)

53.57(31.03)
8.81(16.12)
21.67(23.52)

Water chemistry,

pH 7.92(1.26) 8.41(1.12)
Dissolved oxygen content(ppm) 5.36(2.44) 5.41(2.52)
Temperature( C) 21.52(3.70) 20.70(2.70)
Salinity(ppt) 62.76(31.12) 65.00(31.10)

Natural or artificial

Natural(%) 86 76

Artificial(%) 14 24

Still or moving water

Still water(%) 90 95

Moving water(%) 10 5

Predators

Crucian carp(%) 0 95

Loach(%) 0 62
- 69 -
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AFEANA BHWATAES f59 A7k 7o AR Folut dgom =
S0 2, £ao] 4e ROS0cmANAE AdEA 2t Ao tehgth ol
S 09 AdEs ol 7] vEd e 244 o4e Pl 57

Fad T4 8k ool ol Wie I QASS FAAA FHE A (PCA)

Table 27. Principal component analysis of the factors on the spawning site and not used
spawning site of Rana dybowskii

Factor 1  Factor 2 Factor 3  Factor 4 Factor 5

pond size, Water Natural or  Still and Height of

Predators chemistry artificial moving water  plants
pond area(m’) 0.681 -0.029 0212 0.181 -0.186
Water depth at 1 m from shore(m) 0.639 0.201 -0.502 -0.198 0.012
height of the Water surface and edge(m)  0.738 -0.050 -0.281 -0.224 0.213
vegetation under 1 m high(%) -0.214 0.214 0.158 0.105 0.810
vegetation over 1 m high(%) -0.246 0.140 0.305 -0.017 -0.677
Water surface covered by vegetation(%) 0.159 -0.188 0.537 0.383 0.144
pH 0.137 0.862 -0.121 0.055 -0.041
Dissolved oxygen content(ppm) -0.076 0.934 0.043 -0.015 -0.239
Salinity(ppt) -0.029 0.950 0.060 0.006 0.060
Natural(%) 0.000 0.067 0.871 -0.311 -0.038
Artificial(%) 0.000 -0.067 -0.871 0.311 0.038
Natural(%) 0.095 0.101 0.167 -0.935 -0.060
Artificial(%) -0.095 0.046 -0.167 0.935 0.060
Crucian carp(%) 0.866 0.074 -0.056 -0.043 -0.049
Loach(%) 0.812 -0.076 0.266 -0.066 0.062

T oA 8d2(18%) =9 3434 Aiolt(pH, dx, §E4N). Al HA &

(16%)S A5 A alelt;, ymx] 2L H49 f(Factor 4, 14%)°]L,

e
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P < 0.05 in a log-likelihood test). &4

2 AEsts ARe 4240 ¥ (Factor 1, x° = 43.72, P <

0.0001), W3 ARAAWI] o7k vrolok(Factor 1, x° = 33.45, P <

0.001) ®thar vpgteh w3 E229 Bol(Factor 1, x° = 50.09, P < 0.0001)%}

w2t 2] (Factor 1, x° = 24.06, P < 0.000D)7} §l& oA 2bahe] o] Fo]x 1L
AN TH(Table 28).

e

Table 28. Crosstabulation Analysis on the spawning site and not used spawning site
of Rana dybowskii

X p - value
pond area(m’) 58.22 0.031
Water depth at 1 m from shore(m) 43.72 0.000
height of the Water surface and edge(m) 33.45 0.001
vegetation under 1 m high(%) 7.90 0.245
vegetation over 1 m high(%) 7.90 0.245
Water surface covered by vegetation(%) 8.63 0.472
pH 47.13 0.101
Dissolved oxygen content(ppm) 41.59 0.119
Temperature(C) 47.81 0.027
Salinity(ppt) 58.22 0.024
Natural(%) 0.62 0.430
Artificial(%) 0.62 0.430
Natural(%) 0.37 0.545
Artificial(%) 0.37 0.545
Crucian carp(%) 50.09 0.000
Loach(%) 24.06 0.000

shAIRE =9 A AR pHY &AL ES A7 dis AR

AREEE AMESEA e ol d Aol glglth(Factor 2, x° = 47.13, P =

=
—
O
~—
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Fo F= 89le] AN gtk Imoldel 483} 1molste Aol BxolA
P> 0.05)4 A5 AAxA(X* = 0.62, P> 0.05)°l4 F#3te]

Bk meEkA SuaslTele] AdxddA £ A% 5o kol EAAI 4

e W3 2AE F 37 7H 199 2659 FA41F

i
S
ot
[40
)
32
o

AL A A o] HA G AATEYN dATE B TS FF5A A=
o 2AMEI g T FoEZU|(Peltodytes  sinensis), IvbeaEH
(Paraplea  indistinguenda), ZY* & A 2K Diplonychus esaki), °N%743A =

(Anisops ogasawarensis) 4% 2.2 AFetA] ol gt #AZE At (Table 29).

Table 29. Aquatic invertebrates in spawning sites and not used spawning sites

not used spawning

Scientific name / Korean name Spawning site site
Cloeon dipterun A5-3}5%to](L) + +
Ischnura asiatica ©}* o7 z1e] ++ +
Orthetrum albistylum 2722 (L) + + +
Anax parthenope julius 7322 (1) + +
Diplonychus esakii 24X &4}t +++ +
Hesperocorixa distanti =3 ++ +
Sigara substriata V&3 +
Micronecta sedula ZvVFE'H ¢ +
Notonecta triguttata %7&3) 4 = Al +++
Anisops ogasawarensis °N%73l] =] Al +++
Paraplea indistinguenda X Pl =2 EH +
Gerris paludum =37 0] + +
G. latiabdominis A5 7 ©] ++ +
Ranatra chinensis #|o}FA]H] +
Dineutes orientalis 59| +

* (+<2, ++ 3~9, +++>10)
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Table 29. Continued

not used spawning

Scientific name / Korean name Spawning site site

Mesovelia vittigera = A +

Noterus japonicus A &HH7) ++

Cybister japonicus &H7Y +

Hydaticus vittatus S-2FX & "7H +

Canthydrus politus =% &4l +

Agabus japonicus “FEEY7) + +
Peltodytes sinensis o EX=7] t++

Amphiops mater &= o] +

Hydrochara affinis ZrE& o] +

Gyraulus chinensis B0}2] & &3 o] + +
Hirudo sp. ZrA™ 2] +

HIAFA = 250 & 1059 4aFrt #FEHJ=H o F 23] o) &
ZE o AEF4ol(Cloeon dipterun), oYX oV A1) (Ischnura asiatica), &AL
2| (Orthetrum albistylum), TEo}2l=@ ¥ ol(Gyraulus chinensis), °§ 47 A o](Gerris

),
latiabdominis), ¥ & % 6&°]ATh
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Fig. 32. Wetland of spawning site and not used spawning site. a) Low mounded

wetland near the pond proper to spawning,
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Fig. 33. Aquatic invertebrates of spawning site and not used spawning site a) Aquatic
invertebrates of spawning site, b) Aquatic Invertebrates of not used spawning site.

L
L.

R ot BAkE A o A

35l o]
>

o]

=i
=

o

o
7

o
Mo
4

o
1o

2aA°] 5 10

HolaE o] FAH F TFHel EokA

=
T

o] F¥H: ol u}

* 5%
tHFig. 31).

2

=
-

A

PN
T

—_
fite)

Aol 7} glom]

o]

3}7]

HalE Zolof

1o

o
<

_%]

of-

il
4

R

#l

A7}

Al
2

A

T

)

—_
fite)

o

o

el

el

_75_

Collection @ jeju



e =

]

Z el ek Z7Izke] o

15 Al
?j]_
el vy

o

i)
B
—~
fite)

—

_ZO

Avelel A3
5, 1999), Mating call,

<)
=0

i
2

HFA

B

=
<

]

Atefel A

<)
=0

i

HFA

HAAA el M 2

=]

4 )

-
X

A2 9

w

o

T
o] Lot B

=
o

&, 1999)

o} 717 o] Fol 21u} gt

=

o] (9]

a|

S
&

J

A

T(aL 5, 1993), A #3E A
o

A B 279
3 ged Ar

-
1

T

el
e
2]

fite)

eav

o

o

<

A

A2 9

]_

Aol A AT v, *

+

e
_76_

1

*

o,

A, 8ol

}

0]
pul

3

8

S a1z}

o

Collection @ jeju

I,

A Al



2. A5 2 Wy
7t. -] <8

Bl e e 2hg 8 27144, AHEA, A4 9 Bd A2 5o g
AR EAE R MEe T 20069 1R5E 20089 109 Aol o] Folgith wak @
ZAbel A ErbAM I FE o] A S 20099 1€ 195FFH 201083 59 31Y Aloleo]
o18le] AA AAsGm, el 24, dlole] B4 9 Ag} AEste] B
WA 28 £ A7t Fob AR FAG o] FolFTh

TN, FATE = 2008 59, WAool 2008 5€EHF-EH 2009 6€ 74,
Y= 20099 59 H-H 2010d 5€7HA] 163 A=A A o] o] FojHom EHH
dob mpAfA R ndE 24, doly 24 2 A4 AFTe] Fun
ek AP FAol oo Rk,

B oAFdA e B TEE F 212AE & Sl Abee o dolgl vt
2007 o1 = Ar#A 671425 AY FA(Fig. 34, Fig. 352 AAst A4
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Fig. 34. A map showing the collecting sites of Rana dybowskii used in this study

1. Bilremot, 2. Eoeum-ri, 3. Eouksaemi, 4. Jwarangmot, 5. Hangomot, 6. Wonmul.
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Fig. 35. Photographs of the collecting sites of Rana dybowskii used in this study.

1: Bilremot (N 33°24 133”7, E 126°21 "03.0”, H : 260m), 2: Eoeum-ri (N
33°25°09.07, E 126° 28 " 11.2"7, H 64m), 3: Eouksaemi (N 33°27 " 16.8 ", E
126° 22 " 149", H 88m), 4: Jwarangmot (N 33°26 " 08.2", E 126°23 "16.1 ", H
221m), 5: Hangomot (N 33°19 " 30.5”, E 126°11 "40.6 ", H 34m), 6: Wonmul (
N 33°19709.4 ", E 126°20 " 47.0 ", H 374m).
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MTel= 570A, ATl 5871A, Wl 6070A, #2AFE= 9AE 54
ot AdAIEe A WojyolAE ¥ ~(Gaunglu Co), AT HAAAE
(Precision Load Cell Balance JW-1)& Z}Z} o] &3l oH, A F5o-d& 2

o] (Snout-vent length; SVL)3t< o] &3}l o}

By

o
Ot
o
22
=
s
ot

o zpolHE dolry] g A AFe FHX = SPSS program (Ver.
12.0)& o] &3to], HaHuFA-e =i E T A (Independent Samples T-test)= 3f

FHBAE E2A (Correlation Analysis) st th.
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Table 30. Morphometric measurements of mated pairs of Rana dybowskii

. Females Males
Collecting Collecting ioh
sites No. date Length Weight(g) Length Weight
(2009) (SVL, mm) before after (SVL, mm) (g)
spawn spawn
1 Feb. 03 70.5 40.3 24.7 48.2 12.0
2 Feb. 03 64.2 30.0 18.2 50.5 10.6
3 Feb. 03 64.7 30.6 20.0 48.6 10.7
4 Feb. 03 69.4 385 271 52.3 12.8
5 Feb. 03 75.1 441 27.8 56.7 16.0
6 Feb. 13 65.7 32.6 20.6 479 11.6
7 Feb. 13 67.2 274 17.8 50.8 14.7
8 Feb. 13 66.4 29.7 195 46.0 9.5
Bilremot 9 Feb. 13 64.2 26.5 21.7 49.1 10.6
10 Feb. 13 66.3 29.8 199 45.3 9.9
11 Feb. 14 65.8 30.0 18.8 49.1 13.3
12 Feb. 14 76.8 475 28.8 45.6 9.4
13 Feb. 15 74.6 43.3 214 51.1 13.3
14 Feb. 15 70.1 36.5 24.1 55.7 17.1
15 Feb. 15 64.7 29.9 19.6 54.2 19.9
16 Feb. 23 65.1 32.2 20.9 51.8 12.9
17 Feb. 23 70.3 34.6 259 50.1 13.6
18 Feb. 23 57.6 18.3 * 46.6 11.2
19 Feb. 04 70.3 379 25.7 48.6 11.1
Eoeum-ri 20 Feb. 04 63.8 27.8 185 50.8 145
21 Feb. 04 64.4 35.0 22.1 52.7 159
22 Feb. 14 72.9 44.0 28.1 50.8 10.8
Eouksaemi 23 Feb. 14 72.2 50.0 2712 50.9 14.1
24 Feb. 14 66.6 32.2 20.0 49.3 10.2
25 Feb. 10 72.9 43.6 21.8 52.8 17.1
26 Feb. 10 71.2 36.5 24.0 55.9 18.4
27 Feb. 10 70.4 31.9 24.7 50.5 13.7
28 Feb. 10 70.1 34.4 24.6 52.6 14.2
29 Feb. 10 70.2 42.9 279 50.0 12.3
Jwarangmot 30 Feb. 14 71.7 415 26.4 57.3 16.8
31 Feb. 14 75.2 44.4 - 50.7 13.0
32 Feb. 15 73.3 46.8 2717 56.0 16.3
33 Feb. 15 82.0 60.6 37.0 56.3 16.6
34 Feb. 15 70.7 39.9 244 49.1 12.9
35 Feb. 15 779 46.9 30.6 56.8 194
- 81 -
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Table 30. Continued

" Females Males
Collecting Collpging .
it No. date Length Weight(g) Length Weight
(2009) (SVL, mm) before after (SVL, mm) (2)
spawn spawn
36 Feb. 15 73.4 384 254 52.0 134
37 Feb. 15 4.7 431 26.2 54.8 16.3
38 Feb. 17 70.2 34.3 21.9 55.5 18.8
Jwarangmot 39 Feb. 17 70.0 34.2 23.0 50.5 10.4
40 Feb. 17 74.4 44.9 289 56.4 16.9
41 Feb. 23 70.5 35.7 24.3 57.0 17.6
42 Feb. 23 7.2 36.9 - 59.7 19.0
43 Feb. 03 58.5 20.0 14.1 44.0 9.4
44 Feb. 03 73.1 44.2 2717 49.0 125
45 Feb. 03 62.1 20.5 145 441 8.9
46 Feb. 03 66.8 33.0 20.9 43.0 6.4
47 Feb. 03 56.0 19.3 10.6 479 9.9
48 Feb. 04 63.8 29.5 20.9 48.3 9.8
49 Feb. 04 71.8 40.9 28.0 454 9.4
50 Feb. 04 64.2 28.7 182 51.2 13.3
51 Feb. 04 66.6 294 19.0 46.7 8.9
52 Feb. 04 57.0 20.8 13.1 53.5 14.6
53 Feb. 04 7.2 35.6 25.0 44.7 8.5
Hangomot
54 Feb. 04 74.9 411 27.0 52.0 12.3
55 Feb. 10 638.9 34.2 214 46.5 12.5
56 Feb. 10 7.1 344 - 49.1 11.0
57 Feb. 23 60.2 225 145 471 8.8
58 Feb. 23 64.0 24.7 16.5 46.1 9.4
59 Feb. 23 65.5 294 182 50.6 11.3
60 Feb. 23 74.6 43.6 - 49.5 10.7
61 Feb. 26 54.0 14.7 9.7 48.6 9.9
62 Feb. 26 69.8 37.3 23.7 48.0 9.3
63 Feb. 26 56.5 21.0 14.4 46.1 8.5
64 Feb. 26 55.1 17.6 11.3 471 9.9
65 Feb. 10 53.8 16.7 * 46.2 9.9
Wonmul
66 Feb. 10 57.7 179 11.1 44.7 8.4
(- A F AT AS XF, o« A
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Table 31. Comparative analysis of body length (SVL) and body weight between the

female and the male performed amplexus of Rana dybowskii

Size Sex No. of specimen Range Mean+SE p-value
SVL Female 66 53.8-82.0 67.8+0.8
(mm) 0.000
Male 66 43.0-59.7 50.2+0.5
. Female 66 14.7-60.6 34.0+£1.2
Weight 0.000
© Male 66 6.4-19.9 12.6+0.4
2) A7
Bzt ok o] Al S 53.8mmoll A 82.0mm7bA], S 43.0mmell 4 59.7mm
7HA] WelelH ) bzl A Hit 67.8t0.8mm(MeantSE), FH O] AL
50.2£0.5mm(MeantSE)S. 2 FF o] Aol v & AS=Z YelgtH(Table 31). A
TR A SAFES AL HHEE TtestE AAS 23 {§o38E (p) <0012
rojdol e Ao yeytow, AN FAY AY x5 2=z 2 el Fig.
369t 2.
20 -
16 - —
c 16 1 —
E 14 M Female
E 12 - O male
< 10 -
g o
E 6
Z 4.
e- [
0 - - . .

43~46 46-49 49-51 5I1-55 5559 B59-63 B3-67 67~71

SVL (mm)

f1~75  75~78  79-83

Fig. 36. Distribution of the body length (SVL) of the couple

performed amplexus of Rana dybowskii.
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ZHA AL HHEE T-test 3 A3 FolgdE (p) <0.01= Foido] e Aoz vE

stow, e 42 w2 AT Apolol Wigk A= Fig. 3701 A Ak vkl 2

25 - —
c
a
g o0 B Female
b4 O male
w
= 15 -
3
= 10 4
=]
2
5 .
ol | e N I_l-
g~11  11~16 16~21 21~26 26~31 31~36 354 41~46 46-51 BI~EE 5661

Weight (g)

Fig. 37. Distribution of the body weight of the couple performed
amplexus of Rana dybowskii.
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Table 32. Correlationship of the body length (SVL) of the couple performed

amplexus
Sex N p - value pearson-(7)
Female 66
0.000 0.492(**)
Male 66
ERT S 66 AGe] AHdAE BAT A, AAHaATE de Ao
YENSG T (3 A T o= 0492, P<0.01)(Table 32, Fig. 36). H=3+ 4F 9] A4S
gAcow Aelen 54 A4S 202 dho] TAF F FANL YIRS
Fe ghgio] He FAB, T gl T FAN THE e AP AL L
A THFig. 37)
E5 r
w=0,307Tx+ 29,372
Rz= 0,242
80 | 6
© 55t
©
=
RO |
a5
ﬂ-o 1 1 1 1
50 g0 70 20 S0
Female

Fig. 38. Correlation between the famales and the
males by the body length (SVL).
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120 .

y=0.196x +93.91 " . . BB
110 . Re=0236 ® . e *
100
. 90
£
o o]
= 50
=3
o
70
00000000
60 - y=0311x + 57.393
o0 ooERe R2= 0,927 oFemale
5O e Malex?
a0

1 3 B 7 9 111316171921 232527 29 31333637 39414345 47 49 E1 653 655 57 B9 61 63 66

Fig. 39. Regression lines of the body length (SVL) of male and female frogs.

2) A%

Table 33. Correlationship of the body weight of the couple performed amplexus

Sex N p - value pearson-(r)
Female 66
0.000 0.458(**)
Male 66

LEaEor AYsta FA9] ATE 6= 8o 13 5 FAHAS JElAS
w, AFol 22 dZol ATl AL FAN AFol F dALS ATol Z FHI
EHE ke AFe] des & AAk(Fig. 39).
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y=0 1677x+ 7.2627
Bz = 0,2093
20
Q
[un]
Z 5
10
(o]
5 1 1 1 1
0 20 40 B0 80
Female

Fig. 40. Correlation between the female and the
male by the body weight.

140
y = 0.455% + 60,409
120 . Rz=0.204 "
. .'
.C L ]
100 . LI o .
2 an
=
L=
2
L 50
=
40
35 y=0476x + 18.03
sco0o° R2= 0951 o ialex G
0
13 5 7 911131517 1921 23 25 27 29 31 35 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65

Fig. 41. Regression lines of the body weight of male and female frogs.
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Table 34. Significance test of the body length (SVL) of the married and unmarried
male of Rana dybowskii

No. of

Group specimen Mean+SE p — value
Married male 66 50.2+0.5
0.813
Unmarried male 138 50.1+0.3

50.2£0.3mm(MeantSE), EFl oA & FAe H A 50.1+0.5mm

(Mean£SE) ©]1tHTable 34). °ol&2 A Atolol= EAGH oz Fonk o]zt

X+ Fig. 407 #Zrth

20
128
16k
14 F
12

ohdaried male

mlUnmaried male

Number of specimen

L L "2 =+
I—

1l

A43~4h  Ak~47  47~49 49~R1 k1~B3 &3~ER ER~EY &KT7~E0
SYL {mm}

Fig. 42. Distribution of the body length (SVL) of the married and
the unmarried males of Rana dybowskii.
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Table 35. Significance test of the weight of the married and the unmarried male of
Rana dybowskii

Group s;li:(():irr?gn Mean+SE p — value
Married male 66 12.6+0.4
0.550
Unmarried male 138 12.3+0.2
XA FHogsk A9 AT 64golA 199g7HA], Lol FolslA] &S FAHLS

73gol A 20.3g7hA W ew, EHel FHAAd FAY W AT 126+04g
(MeantSE)o] 11 Foshx] 2 F7 9 Hit AT 12.3+0.2g(MeantSE)©] T}H(Table

o5 AF Atelele FATHORE FoF Aolrt gle Aom YEITHP >
0.05). 7+ 1w Az Fxo] uist A= Fig. 419 AAS vpe} 2o

30 r
25+
Otdarried male

E o0 b BlUnmarried male
©
[:K}
215
G
T 10t
£
=
2 5 _ ’_I |_I

0 V_. 1 ’_L_A

6~8 8-~10 10-12  12~-14 14~16 6~ 1820
Weight (g)

Fig. 43. Distribution of the body weight of the married and the
unmarried males of Rana dybowskii.
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Table 36. Comparative analysis of body length (SVL) and body weight of the couple
performed amplexus in five amphibian species

Scientific name  Size Sex No. Range Mean+SE p-value  Sex ratio
SVL Female 16 37.7-48.3 43.0+0.7
Bombina (mm)  Male 41  36.3-46.6 42.3+0.4 0300
orientalis —\ ight ~ Female 16 45-9.6 73+0.4 005 220
(2) Male 41 49-10.4 7.2+0.2 '
SVL Female 20 43.6-50.1 46.3+0.5 0.000
Hyla (mm) Male 38  34.5-47.1 40.0+0.4 Lo
Japomea Weight Female 20 6.5-12.9 8.7+0.4 0.000
(2) Male 38 43-82 5.9+0.2 '
SVL Female 18 45.1-55.3 48.5+0.6 0.001
Kaloula (mm) Male 42 37.6-54.9 45.2+0.6 .
borealis -\ ight  Female 18 132215 17.1£0.7 0000 '
(2) Male 42 7.1-21.9 12.1£0.5 '
sy  Female 26  68.8-985 83.6:1.2 0,000
Rana (mm) Male 71  66.5-85.2 75.440.4 7
nigromaculata Weight ~Female 26 32.1-157.6 69.2+4.6 0.000 '
(2 Male 71  264-72.6 43.4+0.9 '
SVL Female 66 53.8-82.0 67.8+0.8 0.000
Rana (mm) Male 204  41.3-60.7 50.1+0.3 100
dybowskii it Female 66 14.7-60.6 34,012 0,000 '
(2 Male 204  6.4-20.3 12.440.2 '

7F 23702 (Bombina orientalis)

A7 o] A Hr 43.0£0.7mm(MeantSE), 72 42.3+0.4mm(Mean+SE)©] 21 t}.
T oA 2 FEH A (t-test) A, 7S E (p) > 0052 ¢AIA FAIHY A
d Aol oAl fle Aom UEuth oAl AT H 7.3+0.4g(MeantSE),
TAE 72+02g(MeantSE)ol Rl ow F o b HHH|wiEA Ay Fo|gE (p) >

00602 A} w7 2t AT Aol= FoAdo] fle= A= et (Table 36).
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W) AANF2 (Hyla japonica)
Azl ol A A Hit 46.3+0.5mm(MeantSE), 712 40.0+£0.4mm(Mean+SE)©] ) 2L

T Y 2 Hau aE A (t-test) 23, FgE (p) < 0012 4RI FFAH T A
Aol FYAdo] Addoen, A Aol ARG F ez yEutt dH 9

A e Hit 87+0.4g(MeantSE), 72 5.9+0.2g(MeantSE)°] 12, + A 3+ Hat
Al Ay FolgE (p) < 0012 A FFA ol AT Aol Aol 3
Rom, QAo AlFo] FAETYG & AR YEEtHTable 36).

1]

El
M

t}) WEo] (Kaloula borealis)
7ol A Hyt 485+0.6mm(MeantSE), 712 46.2+0.6mm(Mean+SE) %] .7 |
oA A (ttest) A3, FFE (p) < 0012 A} F2 Tl A
Frojdol e, A Aol FARGY Z Aow YEwt. o7
2 B3t 17.110.7¢(Mean+SE), =#H 2 12.1t0.5g(MeantSE)°| 1o, F+ Ho 3t

=4 23 Fo%E (p) <0012 &AH F2 el AT Aol= Fo Ao

2}) ZW8] (Rana nigromaculata)
Aol AFS Ft 83.6+1.2mm, FAHL 75.4+04mmSl o, 7 ok Ik H
WEA (t-test) 23, FIFE (p) < 0.012 SAF 7 7ol AF Aol oA
o] o, 4 Aol FHARTG & Aoz el 4o AFS A
69.2+4.6g, T 434x09go|R 1, F H F Hv|wiA A3 FogE
0012 A A 2rol AT Aol= Foldol AANeH, Ao AFo] FAHET
T A2 YEEH(Table 36).

7ol A Hyr 67.840.8mm(MeantSE), 712 50.1+0.3mm(Mean+SE) S} .7

7 A P G (ttest) A3, ol E (p) < 0012 FAF F=7 bl A
Frojdol Ao, A Aol FARGY Z Aow YEw. o7

2 B3t 34.0+t1.2g(MeantSE), F#H 2 12.4+0.2g(MeantSE)°| 1o, F+ Ho 3t



2) AT A k- AHAR A FuaA B4

Table 37. Correlation analysis of the body length (SVL) of the couple performed
amplexus in five amphibian species

. , N
Scientific name Size Female  Male p — value pearson-(1)
Bombina SVL(mm) 15 15 0.000 0.796
orientalis
Hyla SVL(mm) 18 18 0.583 ~0.139
Jjaponica ’ )
Kaloula SVL(mm) 18 18 0.001 0.691
borealis ’ )
Rana
vigromaeniaa SVL(mm) 16 16 0.284 0.286
Rana SVL(mm) 66 66 0.000 0.494

dybowskii

7h 23T

(Table 37, Fig. 44).

) A2

AT AT o - ANATE Al v AuBAAE BAS A9, fodE
(p) > 0052 Fo4d0] gl Aoz vewrh AATE & -5 Az A Fato]
SHEE T-test A7 F24 AA zFel7t slo] d2e] FAHET AR, 24 &
v A e AL AN E ARe F AN A3l Ao fle AR YE

YT Table 37, Fig. 44).
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Fig. 44. The relationship of body length (SVL) between mated pairs caught in
amplexus of five species. (a) Bombina orientalis, (b) Hyla japonica, (c¢) Kaloula
borealis, (d)Rana nigromaculata, (e) Rana dybowskii.
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Table 38. Correlationship of the body weight of the couple performed amplexus of
five species

;- N
Scientific name Female  Male p — value pearson-(r)
Bombina Weight(g) 15 15 0,000 0877
orientalis ght(g : .
Hyla Weight(g) 18 18 0.630 0122
Jjaponica gnue ) )
Kaloula .
borealis Weight(g) 18 18 0.006 0.617
Rana .
nigromaculata Weight(g) 16 16 0.340 0.255
Rana .
dybowskii Weight(g) 66 66 0.000 0.459

7w
AR FRATE - F AL A B AVVAZ BAD A3, fo19

E() < 0012 Fols 1%oA Fedel A= A2 UEY O, Pearson 73

AFE 08772 AABAV =& Aoz yelyd FaATEE o - 5 AL A
T SHRTE T-test 27 Aol7} e Aoz YehdAw THES v e o
AL A2 FRAY F AL F FAY B3l Aol wlg =A YEFS T (Table
38, Fig. 43).

) A

w

ZAF AT g 5 AAG Az dF FRBAS 2AF A, 499

052 FrejAol gle o= vewrh A+e & -

o
=)
\V4
(@)

thH(Table 38, Fig. 43).
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Fig. 45. Correlation between the famales and the males by the body weight of
five species. (a) Bombina orientalis, (b) Hyla japonica, (c) Kaloula borealis, (d)
Rana nigromaculata, (e€) Rana dybowskii.
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Fig. 46. Amplexus of Bombina orientalis. a) Toes of male's foreleg with a

nuptial pad, b) Mating position by male's hugging female's waist.
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Fig. 47. Amplexus of Hyla japonica. a) Hugging breast, b) Hugging

shoulder, ¢) Hugging armpit, d) Toes of male's foreleg with a sucker.
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Fig. 48. Amplexus of Kaloula borealis. a) Foreleg of male

'S armpit
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Fig. 49. Amplexus of Rana nigromaculata. a) Toes of male's foreleg with a

nuptial pad, b) Mating position by male's hugging female's breast.
AATEE Ranad o2 SgabATel ok sbg AT ¢k o] 2R Aud)
H,

QU Ehd AL olele] Axoln], 2o o ATE APshe] Walof & Aoz
Az,

Bl res £Rel drbel dAwstee AAFe] glo} 9Ae A%e 5
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Fig. 50. Amplexus of Rana dybowskii. a) Toes of male's
foreleg with a nuptial pad, b) Foreleg of female, c) Mating

position male is on the female entirely.

2]

-

Fig. 51. Amplexus of Rana dybowskii. a) Situation male is pressing the female's

breast with nuptial pad, b) Female's breast with a pressed mark by male's nuptial pad.
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2. A= % ¥Y

S o ke, F3h 2718, AHSA, A4A R 3d A5 Sl E
AP AR B A A= 2006 29 5B 2008 10 Akolol o] Fol itk HERE
ZAE Al SN e A R E 4, dHoly 4, d¥ T R% AF

I Aol dHaA A4 T2 20099 1€ 1458 2010 59 319 Afolel o] F

b, Fa 2AGIA) A

126°20°00"
3373000 ——t—

126°50°00°

—+—— 33115°00"

Fig. 52. A map showing the collecting sites of Rana dybowskii used in this study
1. Bilremot, 2. Eoeum-ri, 3. Eouksaemi, 4. Jwarangmot, 5. Hangomot, 6. Wonmul.
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AR Z2=AF 2 A2 20099 1€ 1014 20100 59 31 Abolo] o] Foxlom,
5t AR dESAged tie 2ARE AA AR 9 AT ARA B Fed
A ool FojiT. AS Ak AFA L AFAL HAFHAA o]Fojx o, AAE
H oY o] 2 2] 3 2~ (Gaunglurh), #| %S Precision Load Cell Balance JW-1, 9 # A
BHE GPS(WGS84, GarminA} vista C)& 22} o] 83le A3, An 4
SPSS(H A 12.00& o] &3ttt

_:'c'):
71 98l Gle AR KT AR @ ot FYgslel ¥

2 50x30x30cm = 6709} 66x47x40cm Zet~EE 671E o] &3ste] frEskith

Fig. 53. Photographs showing the experiment of induced spawning.

Rana dybowskii.
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Fig. 54. The experiment of induced spawning. a) The size of an egg mass of Rana

b) Counting the number of eggs.
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B Y x99 AYd C6H4(CH3)29° %7 T (Clearing) #4< A3y

® 60CelA HFo] mpetdo] 2447 Bt H@rbFo] et HAF

@ WA 7](MICROTOME, ERMA inc)& o]&3te] x2e IdHS 10
FAR A

Erlich’shaematoxylin&Eosin® & 2 ZZ 3} W E A
® 242 dTEARIER 14
© Fstdn4e T3l x100, x400w] &= #ZAsAA Lrold o 4

il
A\
o

Fig. 55. Cross section at the middle of the diaphysis of phalanges. Black arrow :
LAG(line of arrested growth). x400. (a) Rana dybowskii, 7 LAGs, (b) Rana
dybowskii, 5 LAGs.

A 7+ Ha v a4 (ttest) S TS E(p)=E, FH#HAA = Pearson F3A 5 (r)
2 SPSS(Version 12.0)Z o] &3] EAgon Tefx= Excel 2007 ©] &3}
e T
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Table 39. Morphometric mesurements of mated pairs of Rana dybowskii

Collecting

Collecting Length Welght(g) age Mo of
sites (SVL, mm) before after change Eggs
(2009) spawn spawn of weight
1 Feb. 03 70.5 40.3 24.7 156 7 1,874
2 Feb. 03 64.2 30.0 18.2 11.8 X 1,110
3 Feb. 03 64.7 30.6 20.0 10.6 7 1,226
4 Feb. 03 69.4 385 271 114 X 1,269
5 Feb. 03 75.1 441 27.8 16.3 5 1,224
6 Feb. 13 65.7 32.6 20.6 12.0 5 1,228
7 Feb. 13 67.2 274 17.8 9.6 8 957
8 Feb. 13 66.4 29.7 195 10.2 6 1,151
Bilremot 9 Feb. 13 64.2 26.5 21.7 48 7 1,055
10 Feb. 13 66.3 29.8 199 9.9 4 1,217
11 Feb. 14 65.8 30.0 18.8 11.2 5 1,256
12 Feb. 14 76.8 475 28.8 187 7 1,832
13 Feb. 15 74.6 43.3 214 21.9 7 1,318
14 Feb. 15 70.1 36.5 241 12.4 5 1,341
15 Feb. 15 64.7 29.9 19.6 10.3 8 1,287
16 Feb. 23 65.1 32.2 20.9 11.3 5 1,151
17 Feb. 23 70.3 34.6 259 8.7 5 1,421
18 Feb. 23 57.6 18.3 * * X *
19 Feb. 04 70.3 379 25.7 122 8 1,580
Eoeum-ri 20 Feb. 04 63.8 27.8 185 9.3 6 1,318
21 Feb. 04 64.4 35.0 221 129 4 1,349
22 Feb. 14 72.9 44.0 281 159 6 1,768
Eouksaemi 23 Feb. 14 72.2 50.0 2712 22.8 6 1,783
24 Feb. 14 66.6 32.2 20.0 122 4 1,031
25 Feb. 10 72.9 43.6 21.8 21.8 5 1,216
26 Feb. 10 71.2 36.5 24.0 125 5 1,345
27 Feb. 10 70.4 31.9 24.7 72 6 733
Jwarangmot
28 Feb. 10 70.1 344 24.6 9.8 X 1,178
29 Feb. 10 70.2 42.9 279 15.0 5 1,181
30 Feb. 14 717 41.5 264 151 5 1,139
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Table 39. Continued

Collecting - Cogzzing Length Weight(g) Age No. of
sites (SVL, mm) Before After Change Eggs
(2009) spawn spawn of weight
31 Feb. 14 75.2 44.4 - - X
32 Feb. 15 73.3 46.8 217 19.1 6 1,513
33 Feb. 15 82.0 60.6 37.0 23.6 6 1,734
34 Feb. 15 70.7 39.9 244 155 6 1,373
35 Feb. 15 779 46.9 30.6 16.3 7 1,496
Jwarangmot 36 Feb. 15 73.4 38.4 254 13.0 6 1,264
37 Feb. 15 74.7 43.1 26.2 16.9 5 1,655
38 Feb. 17 70.2 34.3 219 12.4 6 1,202
39 Feb. 17 70.0 34.2 23.0 11.2 8 1,239
40 Feb. 17 74.4 449 289 16.0 5 1,372
41 Feb. 23 70.5 35.7 24.3 114 5 1,425
42 Feb. 23 71.2 36.9 - - X
43 Feb. 03 58.5 20.0 14.1 59 4 1,045
44 Feb. 03 73.1 44.2 217 16.5 5 1,465
45 Feb. 03 62.1 20.5 14.5 6.0 5 1,217
46 Feb. 03 66.8 33.0 20.9 12.1 6 1,039
47 Feb. 03 56.0 19.3 10.6 8.7 4 1,058
48 Febh. 04 63.8 29.5 20.9 8.6 X 964
49 Febh. 04 71.8 40.9 28.0 12.9 X 1,880
50 Feb. 04 64.2 28.7 18.2 10.5 X 1,596
51 Febh. 04 66.6 294 19.0 10.4 6 1,308
52 Feb. 04 57.0 20.8 13.1 7.7 X 1,098
Hangomot 53 Febh. 04 71.2 35.6 25.0 10.6 5 1,372
54 Feb. 04 74.9 41.1 27.0 14.1 6 1,532
55 Feb. 10 68.9 34.2 214 12.8 5 1,064
56 Feb. 10 71.1 34.4 - - X
57 Feb. 23 60.2 225 14.5 8.0 6 1,142
58 Feb. 23 64.0 24.7 16.5 8.2 5 1,439
59 Feb. 23 65.5 294 18.2 11.2 X 1,083
60 Feb. 23 74.6 43.6 - - 9
61 Feb. 26 54.0 14.7 9.7 5.0 6 635
62 Feb. 26 69.8 37.3 23.7 13.6 7 1,543
63 Feb. 26 56.5 21.0 14.4 6.6 5 895
64 Feb. 26 55.1 17.6 11.3 6.3 5 856
65 Feb. 10 53.8 16.7 * * X *
Wonmul
66 Feb. 10 57.7 17.9 11.1 6.8 X 1,063
(< 2h F AF AZ R, x el B4 RF, 0 % S AZ 2, 6 A
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L dadA 249

AZ3 AA(SVL), AF&+d A5 (Weight_before), AF&+3 | 5 (Weight_after), At
5o AT *Fe](change of weight), Uol(Age), At&3st & 7 (Egg) & B #ol

o] SPSS(Version 12.0) program=s &8 AA#AAS £33 Ay AL 2t
d AT AT B E o] BAA K FgE (p) < 0.01F 0.01FTAA FoA
o e Aor yEytew, Ay volete] #AACdME FolgdE (p) = 0.049%

0065 7oA Fold Ao Ut £@, A AFe AFAels & few
0015 7ol A fol e o thebuth Teju tolsh Agk A -5 AF L & 59

o] A#AB|AL FoAo] gl Aoz JEFSTHTable 40).

Table 40. Correlation analysis of the number of eggs and other body characters in
females of Rana dybowskii

Weight  Weight Change

SVL . Age Egg
(before) (after) of weight
pearson-(r) 1 O51(*¥*)  .939(**)  .806(**)  .274(*)  .645(**)
SVL p-value .000 .000 .000 .049 .000
N 66 66 60 60 52 60
pearson-(r) 951(**) 1 945(*¥%)  910(**) 206 692(**)
Weight
p-value .000 .000 .000 .143 .000
(before)
N 66 66 60 60 52 60
pearson-(r) 939(F*)  .945(**) 1 T25(%%) .190 .650(**)
Weight
p-value .000 .000 .000 181 .000
(after)
N 60 60 60 60 51 60
pearson-(r) 806(**)  910(**)  .725(**) 1 120 .636(**)
Change
) p-value .000 .000 .000 401 .000
of weight
N 60 60 60 60 51 60
pearson-(r) 274(%) 206 .190 .120 1 221
Age p-value .049 .143 181 401 119
N 52 52 51 51 52 51
pearson-(r) H45(%%)  .692(FF)  .650(**)  .636(**) 221 1
Egg p-value .000 .000 .000 .000 119
N 60 60 60 60 51 60
w0 AT 0.05 FE(FE)ANA FE wx FAAF7E 001 FE(EFE)AA Fol
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1) At & Sshel g

Table 41. Correlation between the body length (SVL) and the number of eggs

N p-value pearson~(r)

SVL (mm) 60
0.000 0.645(**)

No. of Eggs 60

oA o] AAS Hit 67.8:0.8(Mean+SE), & = 6357004 1,8807) 7} <] o]
< 5 1,285.1+34.7(MeantSE)o]Ath. & A= gk Alolo] AasA 424y A
el tHA A S r = 0645, p < 0.01)(Table 41, Fig. 5
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Number of Eggs

800 r
o y=2920x- 6969

sl o Re=0.416

ﬂ.oo 1 1 1 ]
50 g0 0 g0 90

SVYL (mm)

Fig. 56. Correlation between body length
(SVL) and number of eggs in females of Rana
dybowskii.
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2,000
y=9518Tx +994.76 . .
1,800 R#=0.3828 ® o

1,600

1,400

1,200

1,000

200

B00
o X
400 y= 3.2727x + 578.89 EVL ]j gmm)
- eNo. of Eggs
- R® = 09268
0
13 B 7 9 111316 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 b1 &3 BE B7 B9

Fig. 57. Regression lines of the number of eggs and the body length (SVL) in
females of Rana dybowskii.

A AFS 10eke] LEAEoR Jstn & Foe AHEE EEE 1}

Bl & FAAS EAGAS (Fig 55), GRS AFel FF we o]

Z7kee A9e mlth 2, 9re] A% o ek do AuUAT AUk

Table 42. Correlation between the body weight and the number of eggs

N p-value pearson-(r)

Weight (g) 60
0.000 0.692(**)

No. of Eggs 60

a7 e Hit AFe 341+1.2g(MeantSE)o| i, Hit & & 1,285.1£34.7

(Mean+SE)= YEST 5 A5 gt Altele] dadAs £4% 23 AdadaArt

Q= Ao ERITHARAS r = 0692, p < 0.01)(Table 42, Fig. 58). k2ol A
A3k & o) FUAFE NnA we Holul, AFo] T o] AFo] Fe A
HUh ge 9L Wi 4% win.
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Fig. 58. Correlation between the body weight and

the number of eggs in females of Rana dybowskii.
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Fig. 59. Regression lines of the number of eggs and the body weight in females of
Rana dybowskii.
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3) A AF AFAeIsh & o FuA

Table 43. Correlation between the change of weight and the number of eggs

N p-value pearson-(r)
Change of Weight 60
< 0.001 0.636(**)
No. of Eggs 60
Aol Abe AFe] AT Aol 4T7gelA 218g7HA WARI Hit
12.2+0.6(Mean=SE)°| ™, & & 1285.1+34.7(Mean+SE)°| t}.

T A% gk Abeld)
AP BN AFRRATL A= Aom UEPIT(FRAS £ = 0636, p <
@A Fo AFAoIsh & 5o FRBAARE WNE FE Aol

S tH(Table 43, Fig. 60.).
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1,800 r
1,800 r
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1,200 r
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Nurber of Eggs

800 y = 30,356x + 805,12
o Re= 0,4045
800 |

400 I I i I ]
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Change of Weight (g)

Fig. 60. Correlation between the change of weight and
the number of eggs in females of Rana dybowskii.
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2,000

y=10.065% + 9781 * b .
500 Rz= 0,428 * %e
1,600
1,400
1,200
1,000

800

600

400 y=11.904% + 246,71 & Change of weightx50

200 | R #No. of Eggs

0

1 3 5 7 9 1113 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59
Fig. 61. Regression lines of the number of eggs and the change of weight in females
of Rana dybowskii.

e A A - Fel AF AolE soMste] LEAEoR Ustn & 9o
MHEE BER YUY F FAME BAEAS w(Fig. 59), Ao At A - &
o AZF Aol7k FAGA we d4E Fheh AFE wach

4) vpolol oF o] AFaA
Table 44. Correlation between the age and the number of eggs.
N p-value pearson-(r)
Age 51
0.119 0.221
No. of Eggs 51

FA ] yol= 4del A 9d7bA W elela Hit 58+0.2d(MeantSE)olH, &
Bt 1285.1434.7(Mean=SE)e|th. F AlS gk Atol o AaaA E42 3 p > 0.05
2 el g A% AF Aolsh & rhel A G Ao tehdt
(Table 44).
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gk yolok A% B AT FaaA

1) wolsk A%e] FaaA

Table 45. Correlation between the body length (SVL) and the age

N p-value pearson-(r)
SVL 52
0.049 0.274(*)
Age 52

Aol Fofsts SHANTE AR yol= 4delM 9d7tAo]aL, ol 7t &
¥l 527HAl & 5-61de] BINAR 67%F AFASte] o] APt v &k A A
Aggol Hrbshs Aoe= yehuth wold ek Al dadA= p = 0.049%
§GHBAZE o, FuATFE 02742 ZadA7E E& Ao R yewth(Table
45, Fig. 62).

W
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5+ 0 oM COGmO
4 + o Q0 oo
y=00b37x+ 20815
51 Re= 00753
2 1 1 1 ]
R0 G0 70 80 a0
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Fig. 62. Correlation between body length (SVL)
and age in females of Rana dybowskii.
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Fig. 63. Regression lines of the age and body length (SVL) in females of Rana
dybowskii.
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2.9 oH(Fig. 61).
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2) dolet Als

Table 46. Correlation between weight and age

N p-value pearson-(r)
Weight 52
0.143 0.206
Age 52

2o o R volok AFie] AuIAE BAE EW p > 0052 4] o
ol AT T o= AddaAl Fedol fl= A= e TH(Table 46).
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x =

YAFe= BFTE H2EEE(Chordata) YA17(Amphibia) o2 /5™, A
79 95 (Gymnophiona), 7|5 (Caudata), 7|5 (Anura)®] 37050l ¢F 6,70049F
of SAS AL A Ao BEIT U= HEl MAde T 2T

ZA=E 200443 ] 20108 10€¥€ Alolo] AFE HAGo EIes 4E £X
o} AXES Uz st ZAXYS AANT, AFE & 2 23], A T

, MAEA 202, AAE 23
Ma, dE™ 12704, ds 3s, W 2704, AFA 367h4L, =35 3874,

BAE 10704, 44 19714, S5 22704 5 25 2907 4ot}
1. AF=Y FAF I3

1) 8A AF=oe AF=TE, FAH, T, A, BEe], W,
FATE, SMTE, S Teeh od =9Ee a7 E 3] 258 63
10%2] FAF7F A2ghota Baus ek

2) 19909 ol§ F4 7o AFzAMNA FAU S ST, FATEE HEEHU
A - 71Eo] glow, 53] A 51zt AN E FAR, ST, ST
gl #EE v gloh

3) A AL Ats PAR AFEE AFESE, FRATE, FATe, B,
A, St el Y =9Ee FaTtd s TEEkY 25 53 759 IA
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APPENDIX 1. The investigation sites of the amphibian on Jeju island

APPENDIX

NO. Local name North latitude(N) East longitude(E) Al:l;:;de District
1 Golgaebimot 33° 317 37.07  126° 33 44.0" 5
2 Golwatmul 33° 27" 59.0” 126° 36" 35.0” 329
3 Orchard 33° 28’ 05.3” 126°33'15.0” 196
4 Gwaneumsa 33° 25" 12.7" 126°33'11.2" 577
5 Norusaengi 33°24'43.0" 126°29'15.0" 558
6 Myungdo-Imot 33° 28’ 1057 126° 36 22.8” 323
7 Myungdo-2mot 33° 27’ 58.8” 126° 36’ 16.4" 342
8 Myungdoam 33°27'56.5" 126°36'17.8” 270
9 Muljangol 33°23/58.1” 126°36'31.0” 897
10 Bangseongyo 33°24'59.0” 126°31'25.5" 585
1 Bangcheon 33°29'36.0" 126°33'16.7" 109
12 Baekrokdam 33°21'18.9” 126°32'03.7” 1950
13 Byeoldobong 33°58'32.17 126°33'32.5" 38 Jeju-si
14 Samdocheon 33°29'41.5” 126°31'20.4" 111
15 Seongmyunggyo 33°25'11.17 126°36'43.0” 633
16  Seongjaegureungmot  33° 28" 33.2” 126° 34" 59.4” 221
17 Anguksamot 33° 27" 59.6” 126° 36" 34.2” 329
18 Eorimokgyo 33°23'14.5” 126°29'22.6" 883
19 Eoseungsaengak 33° 23" 49.0” 126° 29" 16.07 1130
20 Eojungyo 33° 25" 57.97  126° 35’ 09.1” 524
21 Yeon-dong 33° 25 470”7  126° 29" 37.0” 438
22 Ora country club 33°27'47.1” 126°27'09.4” 212
23 Oedocheon 33° 29" 30.7” 126° 26’ 05.8” 10
24 Yonggangsoemul 33° 28’ 36.3” 126° 34" 59.3” 215
25  Yonggangjonggureung  33° 28’ 46.4” 126° 35" 05.5” 204
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APPENDIX 1. Continued

NO. Local name North latitude(N) East longitude(E) Al:l;:;de District
26  Wondangbongmot 33° 31" 36.6” 126° 35" 53.9” 53
27 Wolsan 33°27'14.7" 126°27'09.4" 102
28 Wolpyeongcheon 33°27'08.7" 126°33'14.8" 222
29 Jeonmot 33° 29" 27.5” 126° 34" 40.8” 143
30  Jeju medical center 33°26'28.7" 126°33'41.4" 401
31 Jorisaemimot 33° 28" 07.07 126° 36" 11.07 308 Jeju-si
32 Chiloreummot 33° 28" 46.07 126° 37" 31.0” 254
33 Tamraseong (1) 33° 26" 30.3” 126° 32" 16.1” 415
34 Tamraseong (2) 33° 26" 39.07  126° 32 25.9” 421
35 Tamraseong (3) 33° 26 2337 126° 32’ 344”7 471
36 Hancheon 33°30'12.9” 126°30'49.17 58
37 3 donghonggyo 33° 15" 15.0” 126° 34" 05.1” 66
38 Gangjeonggyo 33° 14’ 00.6” 126° 29" 12.5” 29
39 Dosungyo 33° 14" 50.8” 126° 28" 53.4” 73
40 Donneko (1) 33° 18’ 18.0” 126° 33’ 31.4” 480
41 Donneko (2) 33° 17’ 58.1” 126° 35" 04.8” 233
42 Donghongcheon 33° 14" 49.3” 126° 34" 18.7" 40
43 Saekdalcheon 33° 17’ 26.7” 126° 25" 42.8” 433
. Seogwipo-si
44 Seogwipo-Natural 33° 187 302" 126° 27" 40.9” 424
45 Seonbannae 33° 15" 08.2” 126° 33" 14.6” 49
46 Akgeuncheon 33° 14’ 09.2” 126° 29" 24.1” 29
47 Campsite-wetland 33° 18’ 03.5” 126° 33" 40.4” 477
48 eongtto-Waterfall 33° 15" 50.1” 126° 29" 56.6” 180
49 Yongheunggyo 33° 14" 51.17 126° 29" 28.3” 65
50 1 Sancheongyo 33° 17" 13.27 126° 28" 03.1” 137
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APPENDIX 1. Continued

NO. Local name North latitude(N) East longitude(E) Al:l;:;de District
51 Cheonjeyeon 33° 15" 034”7 126° 25" 13.1” 84

52 Cheonjiyeon-park 33° 14’ 36.8" 126° 33" 29.3” 54

53 Tamna University 33° 17" 18.3" 126° 27" 54.5” 462

) , ) , Seogwipo-si

54 Hanon 33° 14" 484 126° 32" 59.3 75

55 Hoesugyo 33° 15" 33.7” 126° 26" 58.0” 132

56 Hyodoncheon 33° 15" 46.1” 126° 38" 21.7” 9

57 1100-wetland 33° 21" 16.17 126° 27" 55.1” 1094

58 Georimot 33° 26" 29.0” 126° 22" 99.0” 223

59 Georinmot 33° 26’ 10.1” 126° 23" 00.6” 197

60 Geonnamulmot 33° 26" 53.5” 126° 23" 32.2” 144

61 Gwangryeong 33° 28" 17.6"  126° 25" 32.5” 78

-reservoir

62 Goeyangmot 33° 277 19.07  126° 20" 32.0” 93

63 Gimsujanggunmot 33° 24" 46.0”  126° 26" 16.0” 558

64 Dombemot 33° 24" 14.0” 126° 20" 19.9” 201

65 Makgareummot 33° 24" 37.7" 126° 18" 46.4” 89

66 Mulgeorimot 33° 21" 01.2” 126° 15" 21.0” 222 Aewol-eup
67 Bongseongrimot 33° 25" 10.4” 126° 18" 36.9” 86

68 Bilremot 33° 24" 13.3” 126° 21" 03.0” 260

69 Sanrokgyo 33°22'59.0” 126°23'52.1” 541

70 Samyeonggyotong 33° 28" 01.3” 126° 22" 28.0" 56

71 Sogilbatmot 33° 26" 07.9” 126° 23" 06.8” 206

72 Soaetmot 33° 270407  126° 20 56.0” 63

73 Susan-reservoir 33° 28" 19.8” 126° 23" 27.1” 50

74 Sumeunmulbaengdui  33° 21" 54.0” 126° 27" 03.0” 996

75 Sineom-ri (1) 33° 28" 22.6” 126° 21" 38.6" 55
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APPENDIX 1. Continued

NO. Local name North latitude(N) East longitude(E) Al:l;:;de District
76 Sineom-ri (2) 33° 28' 089”7  126° 22’ 15.7" 60

77 Aewolwondam 33° 28" 02.7” 126° 19" 01.9” 3

78 Aewolhamul 33° 27" 53.1” 126° 19" 13.7” 3

79 Eouksaemimot 33° 27" 16.8” 126° 22" 14.9” 88

80 Eoeumilrimot 33° 24" 442" 126° 19" 57.5” 152

81 Eoeum-ri 33° 25" 09.0"  126° 28" 11.2” 64

82 Yeonhwamot 33° 27" 15.7" 126° 20" 50.3” 69

83 Yeongsilgyo 33° 22" 08.4” 126° 28" 25.5” 1061 Aewol-eup
84 Yongheungrimot 33° 27" 30.7” 126° 21" 59.8” 74

85 Usamot 33° 26’ 57.0” 126° 21" 57.6” 116

86 Unnammot 33° 28’ 06.9” 126° 22" 06.2” 52

87 Jwarangmot 33° 26" 082" 126° 23 16.1” 21

88 Jinsurimot 33° 28" 11.2” 126° 21" 46.8” 67

89 Cheongyongsamot 33° 26" 36.1” 126° 19" 45.2” 60

90 keunmot 33° 26" 09.0” 126° 19" 48.0” 68

91 Geolwolimot 33° 22" 47.8" 126° 18" 37.5” 245

92 Gwangsanimot 33° 23" 240”7  126° 18 01.0” 200

93 Geumak 33 21" 11.07 126° 11" 07.0” 14

94 Geum-oreum (1) 33° 21" 214" 126° 18" 19.6” 375

95 Geum-oreum (2) 33° 21" 26.1”7 126° 18 43.2” 27

) , ) , Hallim-eup

96 Dolgoegimot 33° 23" 31.1 126° 18 39.8 194

97 Hanlimri office (1) 33° 22" 17.8” 126° 13’ 23.8" 22

98 Hanlimri office (2) 33° 20" 59.0” 126° 15" 17.9” 97

99 Baengduimot 33° 20" 50.0” 126° 19" 28.07 219

100 Baengdimot 33° 21" 28.9” 126° 17" 47.5” 219
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Altitude

NO. Local name North latitude(N) East longitude(E) (m) District

m
101  Black stone club 33° 22" 40.1” 126° 15" 12.7” 52
102 Saundarimot 33° 24’ 335" 126° 17" 52.3” 62
103 Sangdaerimot 33° 24’ 08.0” 126° 17" 51.3” 65
104 Saemiso 33° 21" 04.0” 126° 18" 32.0” 381
105 _ Suwon- 33° 25" 2307 126° 16" 58.1” 4

primary school
106 Yeokgomot 33° 23" 04.0” 126° 18" 39.0” 357
Hallim-eup
107 Yeonhamot 33° 26" 03.1” 126° 17" 39.17 19
108 Ongpocheon 33° 24’ 20.6” 126° 15" 36.6” 7
109 Jeongmul 33° 20° 3007 126° 19’ 39.1” 360
110 Cheonbulsawon 33° 24" 06.0” 126° 15" 46.2” 15
111 Hallimcheon 33° 24" 47.77 126° 16" 58.7” 38
112 Hancheon 33° 22" 47.5” 126° 16" 27.17 93
113 Gamaoreum 33° 18’ 20.3” 126° 14" 39.0” 84
114 Gangjeongmot 33° 20" 00.17 126° 16" 35.3” 135
115 Nakcheon 33° 19" 12.8” 126° 13" 22.8” 69
116 Meotmot 33° 20 34.0” 126° 10" 31.0” 5
117 Myeongridong 33° 18’ 58.5” 126° 16" 12.4” 146
118 Mojinneommul 33° 20" 01.0" 126° 16" 36.0” 142
. ’ ” ’ ” Hangyeong_
119 Batsureungimul 33° 19" 094 126° 16 13.7 139
myeon
120 Bokhodongmot 33° 17 220”7  126° 14’ 53.07 84
121 Saemiyatmul 33° 20" 28.0" 126° 12" 03.0” 37
122 Ansoryongmot 33° 19" 10.1” 126° 16" 06.2” 139
123 Yeogguimot 33° 17’ 38.8” 126° 13" 59.9” 96
124 Wangjakemul 33° 18 36.07 126° 15" 43.0” 82
125 Y ongmot 33° 18’ 51.07  126° 11" 18.0” 35
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NO. Local name North latitude(N) East longitude(E) Al:l;:;de District
126 Yongsu-reservoir 33° 18" 51.0” 126° 11" 05.0” 20

127 Jeojisudongmot 33° 20" 09.6” 126° 14’ 19.7” 84

128 Jeondapdong 33017 293" 12612 2357 65 pangveons
129 Jogaemot 33° 20" 02.0” 126° 10 55.0” 28 myeon
130 Peolraemot 33° 20" 06.0” 126° 10" 04.0” 8

131 Hangomot 33°19° 305”7 126° 117 40.6” 34

132 Gununmot 33° 14’ 53.0” 126° 17" 21.0” 44

133 Gusiheulmot 33° 16’ 06.5” 126° 14’ 21.7” 51

134 Gapado 33° 107 10.67  126°16'12.1” 20

135 Nammunapmot 33° 14 37.07  126° 16" 41.0” 50

136 Darinonmul 33° 16" 46.07  126° 17 13.0” 98

137 Maencheonammul 33° 16" 55.07  126° 16" 55.0” 40

138 Bandimot 33° 16’ 19.7” 126° 14’ 10.8” 55

139 Bongurimot 33° 15° 07.07  126° 16’ 23.07 45

140 Bungurutmul 33° 15" 18.2" 126° 16" 14.3” 36

141 Shooting range 33° 11" 35.7” 126° 37 42.1” 15 Dagjeong-eup
142 Sagye-ri 33° 13’ 45.8" 126° 17" 35.0” 37

143 Sagyemultong 33° 14" 02.4” 126° 18" 22.3” 12

144 Suwolimot 33° 15" 31.3” 126° 16" 42.7” 40

145 Utmot 33° 13" 52.07 126° 14" 47.0” 15

146 Utbo (1) 33° 16" 17.9” 126° 15" 49.4” 57

147 Utbo (2) 33° 16" 19.5” 126° 15" 46.6” 66

148 Utbo (3) 33° 16" 19.0” 126° 15" 42.7" 66

149 Utbo (4) 33° 16" 17.3” 126° 15" 51.1” 64

150 Inhyangrimot 33° 16’ 45.3” 126° 14" 52.0” 67
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NO. Local name North latitude(N) East longitude(E) Al:l;:;de District
151 Gunmul 33° 15" 00.0” 126° 19" 03.0” 63

152 Dangoreumbukmot 33° 20" 18.07  126° 20" 19.0” 367

153 Daepyeongminari 33° 14’ 232" 126° 21" 45.3” 17

154 Seonggumot 33° 16" 32.1”7  126° 21" 50.3” 194

155 Sonangmot 33° 177 07.07  126° 20 02.0” 190

156 Andeok-valley 33° 15" 26.17 126° 21" 10.0” 101 Andeok-
157 Wonmul 33°19° 094" 126° 20" 47.0” 374 myeon
158 1 sanrokgyo 33° 18" 01.2” 126° 24" 22.3” 437

159 3 sanrokgyo 33° 18" 28.17 126° 23" 52.1” 441

160 4 sanrokgyo 33° 18" 43.7” 126° 23" 30.0” 490

161 6 sanrokgyo 33° 19" 06.7” 126° 23" 01.4” 491

162 Hanbat 33° 14" 48.5" 126° 21" 31.0” 97

163 Goeddeureumot 33° 28" 18.1” 126° 39" 38.7" 315

164 Goemot (1) 33° 31" 23.1” 126° 40" 05.7” 42

165 Goemot (2) 33° 31" 23.17 126° 39" 58.8” 42

166 Gyorae 33° 27" 28.9” 126° 39" 50.9” 388

167 Gyoraegyo 33° 25" 584" 126° 40" 56.4” 409

168 Namsaengimot 33° 31" 59.0” 126° 36" 51.8” 13

169 Neolbeunmot 33° 30" 20.7” 126° 38" 00.1” 133 Jocheon-eup
170 Daeheulmot 33° 29" 55.1” 126° 39" 17.1” 157

171 Doromotdi 33° 31" 49.3” 126° 40" 13.0” 3

172 Dorumot 33° 31" 374" 126° 40" 19.4” 17

173 Donmul 33° 32" 14.6” 126° 36" 54.7” 9

174 Dongbaekgilmot 33° 30" 27.6" 126° 43" 35.5” 129

175  Dongbaekdongsan (1) 33° 31" 06.6” 126° 42" 54.9” 107
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NO. Local name North latitude(N) East longitude(E) Al:l;:;de District
176  Dongbackdongsan (2) ~ 33° 31" 064"  126° 42" 54.2” 107
177  Dongbaekdongsan (3) 33° 31" 06.5” 126° 42" 39.17 93
178  Dongbaekdongsan (4) 33° 31" 03.8” 126° 42" 33.17 90
179 Ranch (1) 33° 30" 07.2” 126° 43" 45.6” 171
180 Ranch (2) 33° 30" 16.17 126° 43" 433" 162
181 Mulchatoreum 33° 23" 4377 126° 39 04.8” 670
182 Multeojingolmot 33° 28" 04.0” 126° 38 50.0” 330
183 Banongmot 33° 27 340”7 126° 39 09.0” 380
184 Banmot 33° 30" 19.9” 126° 43" 09.3” 138
185 bukchon (1) 33° 32" 334" 126° 41" 28.6" 17
186 bukchon (2) 33° 32" 38.6" 126° 42" 03.5” 44
187 bukchon (3) 33° 32" 30.2” 126° 42" 05.2” 45
188 Jocheon-ri 33° 32" 22.8” 126° 39" 01.9” 24 Jocheon-eup
189 Seonsaemimot 33° 28" 41.07 126° 43’ 08.0” 298
190 Seonheulmot 33° 30" 12.07  126° 44" 24.0” 153
191 Seongpangyo 33° 23" 31.0” 126° 36" 59.3” 774
192 Sudangmot 33° 27°39.07 126° 39" 43.0” 380
193 Yawon(gyorae) 33° 27" 58.9” 126° 40" 01.9” 357
194 Utbam (2) 33° 28" 50.9” 126° 43" 06.0” 281
195 Utbam (3) 33° 28" 49.9” 126° 43" 05.0” 282
196 Utbam (4) 33° 28" 56.7" 126° 43" 00.0” 271
197 Utbaengdimul 33° 29" 38.7" 126° 38" 02.3” 196
198 1 Hoamjang 33° 25" 41.7" 126° 38" 31.8” 503
199 Jocheonjungmot 33° 31" 47.0” 126° 37" 10.8” 30
200 Hamdeokhaeanmot 33° 32’ 38.8” 126° 40" 32.7" 10
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NO. Local name North latitude(N) East longitude(E) Al:l;:;de District
g01 Nationap Intelligence 330 30" 1357 126° 44' 2377 160
202  Gimnyeongchosomot 33° 33’ 50.9” 126° 45" 52.7” 3
203 Damoreum 33° 27" 414" 126° 46’ 38.1” 210
204 Deoksan-farm 33° 30" 22.2” 126° 35" 45.6" 39
205 Deokcheon (1) 33° 28" 52.4” 126° 44" 17.3” 274
206 Deokcheon (2) 33° 28’ 53.7” 126° 44" 14.5” 274
207 Deokcheon (3) 33° 28" 5647 126° 44 09.17 263
208 Dongdaemot 33° 317 03.07  126° 44 3907 115
209 Mosanimot 33° 30" 17.6” 126° 46" 20.1” 131
210 Mosanimot 33° 30" 14.9” 126° 46" 21.9” 131
211 Moloramot 33° 28" 12.0” 126° 43" 07.0” 297
212 Myosanbong 33° 32" 14.1” 126° 44" 35.1”7 52
213 Minarimot 33° 27° 01.07 126° 48" 08.0” 230 Gujwa-eup
214 Miryeokdang 33° 32" 452" 126° 45" 34.4” 47
215 Beomjiltong 33° 32" 37.5” 126° 48" 04.0” 36
216 Byeoljangmot 33° 26" 05.7" 126° 44" 51.4” 276
217 Bukoreummot 33° 24 48.07  126° 44" 31.0” 295
218 Seodaemot 33° 31" 45.07 126° 43" 20.0” 80
219 Seodongmot 33° 30" 50.7” 126° 52" 46.9” 21
220 Seondeokmot 33° 30" 00.6” 126° 44’ 31.4” 160
221 Songdang 33° 27" 414" 126° 48" 25.1” 196
222 Seaside-mot 33° 29’ 06.8” 126° 54’ 06.2” 3
223 Araedongne 33° 22" 03.6” 126° 49’ 41.3” 17
224 Campsite 33° 28’ 22.7" 126° 47" 43.4” 192
225 Yeompaemul 33° 32" 34.5” 126° 47" 15.4” 41
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NO. Local name North latitude(N) East longitude(E) Al:l;:;de District
226 Yongnuni south 33° 27" 18.9” 126° 49" 49.5” 129
227 Yonghwasa 33°29' 0277 126° 54’ 12.4” 20
228 Utmot 33° 28" 57.17  126° 44" 44.7" 241
229 Yunnammot 33° 20" 29.0”  126° 48 27.0” 38
230 Gujwa-eup office 33° 31" 22.3” 126° 50" 46.5” 27
231 Impaemul 33° 32" 49.3” 126° 47" 20.9” 29
232 Ipseokbong 33° 32" 28.7" 126° 45" 25.3" 49

) , ) , Gujwa-eup
233 Taeyeonsusanmot 33° 32" 325 126° 49" 41.6 3
234 Pyeongdaecheon 33° 30" 33.4” 126° 49" 40.1” 63
235  Hadeokcheongil 33° 30° 09.2”  126° 45’ 51.5” 144
236 Hadoseodongmot 33° 31" 124" 126° 52" 39.8” 23
237 Hado-fish farm 33° 30" 29.9” 126° 53" 34.3” 8
238 Handongmokjangmot  33° 29" 42.0"  126° 44’ 21.0” 198
239  Hangil-monument 33° 30" 49.2” 126° 51" 33.3” 27
240  Yangbyungbangtong 33° 30" 04.0” 126° 57" 13.0” 44

) , ) , Udo-myeon
241 Udo Museum 33° 30" 25.0 126° 57" 15.0 45
242 Gotarimot 33° 20" 53.6” 126° 51" 35.0” 36
243 Nansanrimot 33° 24" 07.9” 126° 53" 24.7" 49
244 Nonmul 33° 2739.07  126° 54" 52.0” 9
245 Daenamul 33° 25" 3207 126° 52' 46.0” 65
246 Maemimot 33° 22" 35.5” 126° 50" 37.3” 62 Seongsan-eup
247 Seongsanmot 33° 27" 15.6” 126° 54’ 54.5” 4
248 Siheung-wetland 33° 28" 25.5” 126° 54" 30.9” 3
249 Sinyang-wetland 33° 26" 01.0” 126° 55" 07.9” 6
250 Ojorimot 33° 27" 38.1” 126° 54" 53.4” 5
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NO. Local name North latitude(N) East longitude(E) Al:l;:;de District
251 Onpyeong-ri 33° 25" 09.4” 126° 54" 24.9” 13
252 Onpyeongmot 33° 24’ 07.8" 126° 53’ 24.9” 58
253 Umulmot 33° 23" 50.8” 126° 52" 51.07 42
254 Wolrangji 33° 24" 27.3” 126° 49" 41.5” 139
255 Tjeonmul 33° 26" 21.4” 126° 51" 44.0” 92
256 Jogabiwi 33° 28’ 33.8” 126° 54" 25.4” 6
257 Top land 33° 28" 27.9” 126° 54" 02.7" 13
) , ) , Seongsan-eup
258 Tongoreum (1) 33° 23" 25.7 126° 51" 08.6 96
259 Tongoreum west 33° 24" 00.8” 126° 50" 15.0”
260 Hanmot 33° 25" 33.0” 126° 50" 42.0” 117
261 Honinji 33° 24" 543" 126° 53" 37.6" 35
262 Honinji-east side 33° 24" 53.6” 126° 53" 44.4” 29
263 Honinji-west side 33° 24" 57.3” 126° 53" 34.1” 35
264  Hong-mart wetland 33° 26" 52.3” 126° 54" 443" 9
265 Namseonmot 33° 22" 02.4” 126° 47 '41.7" 148
266 Neobeunmot 33° 22" 46.07  126° 47 19.0” 114
267 Dadorimot 33° 23" 28.6" 126° 47" 26.3” 202
268 Dolgaegimot 33° 20" 00.1” 126° 48" 38.0” 75
269 Motbyeongdimot 33° 22" 2607  126° 46" 33.0” 165 Pyoseon-
270 Mulyeongari 33° 22" 52.1” 126° 41" 45.5” 516 myeon
271 Sanmultongmot 33° 21" 1007 126° 48 25.0” 140
272 Yunnammot 33° 20" 29.3” 126° 48" 27.1” 88
273 2 Gasigyo 33° 21" 40.7” 126° 46" 17.4” 130
274 Hanmaeummot 33° 20" 58.3" 126° 48" 56.0” 86
275 Gwangjimot 33° 16" 51.17 126° 42" 31.4” 41 Namwon-eup
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NO. Local name North latitude(N) East longitude(E) Al(t::;de District
276 Nongoak 33° 21" 13.8”  126° 36" 53.3” 837

277 Dongsuak 33° 21" 22.17 126° 37" 42.1” 707

278 Dwitmot 33°17° 193”7 126° 44" 51.0” 29

279 Binmot 33° 17" 31.2" 126° 44" 43.8” 26

280 Saraoreum 33° 22" 17.07  126° 34" 12.0” 1306

281 Sumanggyo 33° 19" 33.7” 126° 42" 41.5” 159

282 Sueunmot 33° 17° 10.0”  126° 42" 05.5” 56

283 Sinryegyo 33° 17° 256”7  126° 37" 37.1” 150 Namwon-eup
284 _primgri;éwszhool 330 18' 2747 126° 42 5707 107

285 Ipseokgyo 33° 16" 53.17  126° 44’ 27.1" 19

286 2 Uigwigyo 33° 18" 202" 126° 43" 08.7" 98

287 Hakrimgyo 33° 17" 522" 126° 36" 14.0” 197

288 Hannamgyo 33° 18" 314" 126° 41" 54.1” 129

289 Hannam-ri 33° 19 280”7  126° 39 32.0” 265

290 Hannamcheon 33° 18" 37.5” 126° 42" 09.0” 122
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