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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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30 -2 (Bombina orientalis) iz S
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
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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).
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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.

_29_

Collection @ jeju



3) EsA

=i

==

7 2

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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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.
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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
< Heth oY ATEe AAEEE v we FabE A 2d Fells ofE N
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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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2mm

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
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=
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
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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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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
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