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Abstract We studied the development of the endangered gold-spotted pond frog, Pelophylax chosenicus

eggs and analyzed growth and survival rate of the tadpoles while feeding different feed to obtain the basic
data on the its biological traits and reproduction. We observed the fertilized eggs of gold-spotted pond frog

that naturally spawned in a breeding tank using a microscope. Fertilized eggs were sphere shape surrounded
by colloid layers, clearly distinct with animal and plant poles. The fertilized eggs hatched 31 hours after
fertilization and operculum complete at 175 hours after fertilization at water temperature of 27.0+1.0°C. As a

result of growth and survival rate by different feed from 35 days after mouth open stage, vegetable feed (VF)
group and tetra-min (T) group were significantly higher average weight gain rate (WG) (5843.9% and 5736.3%,

respectively) and average specific growth rate (SGR) (11.67% and 11.62, respectively) compared with other

groups (WG: 641.8~4625.2%, SGR: 5.72~11.01%). The vegetable (V) group showed the lowest growth rate
(P<0.05). The average feed efficiency was 177.83% in the VF group, about 17 times higher than the V group.
In addition, the average survival rate of the VF and T groups were the high at 97.5% and 100%, respectively,
and the V group was the lowest at 32.5%. Therefore, the more efficient feeds for successful breeding is singly

with VF or T.
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A FATAY EHol Al7lole o7t 5
, HEiste] AR ATy =F5%0] Holxe 9t
LIRS ES FoEH SAHAY S A &
S =] 9Ith(Gang and Yoon, 1975). T3 840 &S H
oflzt AN FALSE, TR, S5 E 55 Hl
23 AMH PARERE Wo|UOE 5ol Aok E
A Z}o]H (Yoon et al., 1998), B0l WA ExZstar gt
FAFE AR 1% WA AU 4 e
Zoz e BRzdl vl PR AATe 34
Z0]E1 9= Aoz HAES 9o (IUCN, 2020), F
8 e Aoz E A4R B, A, QHE =9, &7
294, @8 5ol Utk (Sung er al, 2009). F-zkol= 19
T FAT T T 4F0] TFH7] B EE AHH
& AAelth(MOE, 2012). £3] S/ (Pelophylax
chosenicus)+ 24558 (Phylum Chordata) %417} (Class
Amphibia) 7725 (Anura) 7§22 2} (Ranidae)®] 43}+=
2% HAFFTEER AH, F7], 55, 3. A5 T 4
2t AEel AEtRE RAH Aaste Fom T2 A
At FH A, FA, AR ol 4417t (Lee and Park,
2016). BZOlE 4~6cm FEo| TS HA, A
Ee gEos FH S0 wet Aol thefstA st
e thfE A E= FMHolth 53] & FoAH
H F&o 2 52 FA 9 FR3 §7])A 28] 3L
¢ Mot g4A FEH= I 54 7HA
I Utk (Lee and Park, 2016). /48l SARAE F
AR 2 &g57] wiZo] s =&FH I, FAE
£ 8= A¥st= NEPYH = A AR B 4bgE
g A
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Qloz zr83k3 QIth(Sung e al., 2009; NIBR, 2018). ©]
of met Lyt BE7] oFIAE IIFel &3, AlA
A EE5} Fh A EE o o (Vulnerable) &2 X4 =
o] QITH(NIBR, 2018).

274t B3t A= Yoon er al. (1998)2] A4 o]
g ATE AR 7R EEshA o] FofA 1 9]
ou FAFEY AAA BT d5d AT (Ra et al.,
2008), 2707219 ol sEA AT (Sung et al., 2009; Park
et al., 2018), 270819 47 otFA A (Park et al.,
2009), 2702 AR =4 A (Borzée et al., 2018)
T HEES A7t AAA D A EA Aol AFH o
Atk F4]- 2| gt AF+= Ra et al. (2007)0] 23 0]
o] A4 Hold 45 g vl 9oy dA3 BET AF
ojtt. £3ol= YWH 0 & 2415 E (herbivore), THAH]AY

o

o
E (detritivore)2 A 1o (Altig et al., 2007), Ho]

5T B¢ ol EdET 22 HA7| (feces)
3, AgrE AR oA AT =T w2 A
F Zol oA, &3] 119 Aol AFA &
4] (cannibalism)& 3}7] = Sttt} (Steinwascher, 1978;
Jefferson et al., 2014). 23 o] ¥ A%} He|Q} 742 E
e B34 299 & IFS 17 "ol (Steinwascher,
1978; Semlitsch, 1987), SFA= 0] R A Z2& 954
M 588 AL SAolY Jd a3t it o]sfolth
(Pryor, 2014).
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1. 22|57t U MH =

S0+E] (Pelophylax chosenicus)~ 735 XA BEY
7] oPRAYE IIgol siFdte To= TopIE 2E 9
2o Bt HEO et B FHForRE 29 B
F& 871E ot AFysHATH(E 7H 2 4| 2018-33%). &
M9 F4E Y3 Y52 20189 SHEE oRiHA] A
FH A9 =o|A ofttell && o]&3 A £853
th 5 & 5714 258 7IeeE AN aANTE F =
7] o8] 19 2715 71Este] gAY SARE 111 HE
2207041 Adsttt. AEd AL 3717 ke
g B0 1982 Wi, & 52 Adl vigo] Al
Al oo Z &L Yo 0L 2HHE B (IR 632X A E :
43.7x %] :32.6cm)& o]-&sto] AFHRE uFshGITh

PARN L A

s

T

vhet F7tEl e b subEl ) veo] kot &
$7F 7153 PVC 2 (72 1 99.0X A2 : 45.0x=9]
40.0cm)°]] &3tk PVC 2= 3705 T AERZ =
&, o] 28, A|ZZAZ o]Roj R = gt & A
&gt AA7] vEs Yol o2 £2/RE FULS
o, 4 e oF 20%% o =2 YRls 2HAE
Atrl o2 73, E0o]7] (Sphagnum moss, New Zealand)
£ 10cm W= Bro} SR, 9= Scm He|= =75}
Aot 22 o7xo B3] E (OKE-HEISS, A¥HE
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2= 2 47| (OKE-6428HC, Al)E o] &3] 27.0+1.0°C
2 fA5g0m, 7122 YL 0|43 23.0£1.0°C
SANGL, A% AZE Ag3to] 312 O Ao
F olgle] W AT Holk 4F AE|E 312
1], ARG 20kl FFsheAch Ao Hol Yut
Hog o83t Aol Fuste 919 ulgkul C EGE
AL o)oh), AL, B, 2544 (ol e FAE Bea,
AL B, 2RERAL A SN, B, AR 5 8
HIE st
T s A9 3T B¢ @
Hogm AR AN shte) Sz ¥ A%
2912 g4 5Tk A Lo} 43ttt
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SN 7 AR 2 AR ZA] ARO|E S o] &3] =
stglom, 13§ AXZo|EE o83ty E4E 9 F2
HE 247t 30% H =7t
31" (100 W)E ©]-&35}of
25.0+1.0°C, 27il.0°C§ Astgon, AA £z
2 AAsA SX3t7] Y = o3}7] (NSE-260, 3t
g ol&d A HAT. HEY A S/ & 30
ANE &2 T FHu|H (SMZ745T, Nikon)Z ©]L-3}
o A ERE ST DA Q] AL AA T
50% olAto] Y W A2 TdElge Y |FReR
shgth A THA 9] 7|22 Gosner (1960)2] 7|2 &2
&3 A 4 A AAE TRt

o

4. 20| SHolo| M3 U M=

S/htE] 3ol Ho| FaE
13t7] $18ll 500 mL A 871 ) &
T BAE 9F JHFeE &3o] 200 A S 2RHESE 5
%ﬂ‘i“it}. S FFIH (100 W)E I%EPOEI
FAstG o, A £z 225 ¢
o}7] ols) =W oJ3}7] (NSF-260, 3H)2 l%ﬁﬁ +3HA
ZAth. Ra et al. 2007)9] A4+ Farste Ho|gg AP
2 Z MR FTEL, HEZR 332, AEGAE (7
AlzF7E A7 AR) 38, SEAAR 38+, HE=}
H+obd Fg, AEYAIR+TEAE TETeR A

gotgon, o3 FRe st AFAE 2ol Fe

TEAEE LES] Uﬂ -EPO

[¢)
FEstoch. ol WEFot T 4+ YT 1FRE

=7

12
L=}

A5t 2 223

0%
Hr

0.05 g, 2533 0.06 g, 333 0.07 g, 453= 0.10g, 5

= 020 g& 31F 134 FFst¥ct EETIFE2
FAE 7€ AgsHA 50:5022 Fa3Hith 445
= 5] QA AANR 19AEE 1579 HHes
T 5FANA AEE FsIALH, 1334 = 3
o] AA BEAE 7IELR AZsH L, 4~5F2t0l= 24z
HAE BEAE ASZSsth 7] FAS HF FAE 7€
3to] S A& (percent weight gain, %), 7HIA-E (specific
growth rate, %/day), At2 & (feed efficiency, %) X &
4 (survival rate, %)< Ao 2 L3t & AIREES A
4HeE wiofl= APEEE JiA|S RAE Z3stel o, AFEA
A A= 2z AS Fa9 B+ FAE FAbsta

A& (%) =(AEFA - 271 7A) x 100/ 2727

A7 FE=100% (In FFFA —In 27| FA)
AR Q)

AREL=100 x (AFFRA - 271 8A) A 2T

5. SAH =

ol 7 48E B SAE Aol & whefstr] A o

Y R] BAHEA (one-way ANOVA)S AA|5FF AL, AFSH
A& Tukey b2 B FY48E 95% =FNA A5
o ZE BAEAL SPSS 12.0(SPSS Michigan Avenue,
Chicago, IL, USA) 34 Z2IH5 o] &35t
Aot ¥ nF
1. Lt

of

B F 23] Al AANAS
Ao YA THOR A%

fom, o] Fe=
yeo A= ggoz 122 gy e #HEL &
F 95% olAolden, & F7|+= @ 2.39+0.183 mm

(n=20), &7 2.55+£0.148 mm (n=20)F 1, 3= M4

AE Edste] TS WAL, HES2 ol Hlsf E2
Tha S m ot

FATEY o YIS 27°CoIA] VAR 23 A
;Lw SRR Aol REH B Bt 24

o] ATetEA 3AMAY

__U% (Fig. 1a), 73 & 24]7t0] -‘—}
A5E F ZHE 2R3, A 0l5 1
AHA 2A4|3Z7] o] DY TH(Fig. 1b). =74

3} (gray crescent)©] LEF
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Fig. 1. Developments of eggs and tadpoles of Pelophylax chosenicus.

TES & SFNARE 3 o] dojih 2 2

7|12 o]RE o] 44|27 Gt (Fig. lc). 8 F 3A7¢
ol % ddo] g9t T2 Ao g Yot gAY
23k om (Fig. 1d), £% F 347 308 168Z7]
o %ﬁﬁi(ﬁg le), &8 ¥ 4x7tell= 3241 Z7)9 &
ek 78 F 5Atel= A2 £F 7 FUHsEA A
A7] (Fig. 1f)o] SotAA HZ9 & 7H—’-‘—§} F P A

2 ZEstth 4 F 6A13t0] x]LJ = &7 2
717 A3 obA mul7]o] FelFL (Fig. lg) T4 F8

Azko] A Foll
7)o 2aic(Fig. 1h).

QH)$= (dorsal lip)o] T o] hul)

2% F 12407 3080] A Fel

Higho] kS HA o yelewA F-37] Fuj7]d
DR (Fig. D). +4 F 18A17F 302]= wigo] A==
2 93] W WAk BAH ™, A4 (neural plate)
o] ghelel FHHUT Fig. 1j). 4 F 23470 417
bl 3 -’;‘—-.—]01] X173 4 (neural fold)©] A=A (Fig. 1k), T
A T 25A7telE A en, 24 F 28X 7tl= 4%
(neural tube)©] A= At (Fig. 11). 4 F 31A7tofl&
a]o}7] (tail bud)oll =S} (Fig. 1m), F317F A|ZHE QL
o 57 F 3347 308 ol ZRuGo] o Toio
(Fig. In, 4 & S04l el asiglon,

3t A=E AT 4 F 554 el obrbu] &8k Al
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272l o W o x| ojo] FE BN 225
ZSHRAL (Fig. o), 4 & 95AIZol= 747 2 HSle F39Y &XolY H+ FA= 247 0.2977£0.00540 g,
o (Fig. 1p), % & 105A17toll = A =] $3ko] o]  0.3031£0.01944 g0 2 T2 FFT9] 2ol v3) w2
FojFh £ F 12547t obvtu] £ FEo] g4 FE BYoh AY 553 B8 AR FF2Y] 230 ¥

4
HRA, £ F 150A]7 o= ofrbu] FAo] &3]7] AR o BAIE 0.16231£0.00153 g2 2 AR @ FFE 5 7
A

W& d
30
o

ato], £ T 175417 ofrbu] F74E $Aste BA CFEREEES fARE A S HYE
=25tk o1& Gosner (1960)9] FAF wiotel G4 & AEH+FEA AR TET2 SHHOR A BT 58
A dAES dA st e, otz P EMTE Xenopus A FHTY 0 A=Y S Bl v HEHT +
laevis), budgett’s frog (Lepidobatrachus laevis)2] & THAY A ZTEEL = o gEIHUY 4 FFE 7]
B IE FAFSHATH( Amin er al., 2015). o] A Bl
7t Ho| TF+E HELS B4 2 gEe 4
2. 33 Mol 20|l MA U M= B4 AR FdEol 22 100%, 97.5+2.50%2 7H w3k
aen eqo|s dAres AZ da 279 wols gti, H;: EEL%OL o2_512.50%; 7};{3‘?:%1, E—l i%
T3 A AYdt=s =F EZF4]4] (cannibalism)S T & FANSZ FAUR(Tble 1). &Y M2 THL
o™ =H= 2 AEEO] 75.0+25.0%% T2 94U AR FFwol |
TEEA kgttt. 27] AF &ol9] FFFAE 0.0051 S Uolon], A+ 2 g 2270 AES Ei
g2 2 A 7+ B FA o] o] it A
& TFEY SHole RE TN HAE Y] @k,
A% 1335 E FF FAE 0.0126£0.00025 g2 2 7H3 0350
wekon, U] 3 &3] Hdt FAC 00253+ o0 e e
0.00008~0.0268+0.00050 g3 °F & v HE7} WA tf £ | e T
B 2 Aolg BAnh A¥ 3FAdE B FAE 2| cmmie
0.0194+0.00200 g%l HHH 4F3}oll= HHFTZA 7} 00144+ 8 o7 Vegetable feecranimal feed
0.00044 g0 2 UER} 238 AFo] Folmxs P2 = § O
Atk ol A FFZ W 2 AASO AR A= H £ oo
SEth A 5Fakl ok BEAAE AT A FF 0050
& o2 FFaol vlaEl o] Wl 2kt (Fig. 2). oo
uhE EHESY I BN AR TETES AE 3 0 1 2 ’ ‘ °

Duration of rearing period (weeks)

F2po| HF EAZ 22 0.1746+0.00270 g, 0.1635+

0.00963 g & 2 et FASIRL, thE Fael vls) 4 Fig. 2. Variation of average body weight of Pelophylax chosenicus
Zro] w2 oFAto] UErth E3) AY 5FEA = & & tadpoles after 35-day rearing with different feed.

Table 1. Initial body weight, average final body weight, survival rate, specific growth rate and feed efficiency of Pelophylax chosenicus tad-
poles after 35-day rearing with different feed.

. Vegetable feed Animal feed
Parameter Vegetable Tetramin (T) (VF) (AF) T+ VF VF+ AF
Initial body 0.0051 0.0051 0.0051 0.0051 0.0051 0.0051
weight (g)
Qgé}irzagl)b"dy 0.0378£0.00183  0.2977+0.00540 0.3031£0.01944  0.1623£0.00153 0.2210£0.00184 0.2410%0.00651
Survival rate (%) 32.5+2.50 100.0£0.00 97.5+2.50 75.0£25.0 90.0£0.00 82.5+12.50
Weight gain (%) 641.8+359"  57363+105.9° 5.843.9+381.2°  3,082.8+29.9°  42324+36.1"  4,6252+127.7°
rsaﬁzc(gij growth 5.72+0.14° 11.62+0.05° 11.67+0.18* 9.89+0.03¢ 10.77+0.02° 11.01+0.08
(o
Feed efficiency (%)  10.29+0.09° 174.14+321°  177.83+12.00* 90.59+3.91°  118.77+4.28"  131.68+1.54°

< mean values on the same line that are not affected by same letter are significantly different based on one-way ANOVA followed by Turkey b multiple

comparison test (P <0.05).



2 vz 9A yebgt gol 3aaE 4
3= 24 2 SAE (%2 A= A= %—HEO
5843.9+3812%% 714 &gton, e FIF2Y &
o

—

AZR o2 F-2J35t 2Fo]E Ho|A| g3ttt (one-way ANOVA,
p>0.05). 9Hd P2 FTFEL 641.8+359%% 7 WSt

I, 5EA AR F530] 3082.8+29.9%F2 Htoo
£ Y AR FEEETS FAZLE {93 ApolE B
T} (one-way ANOVA, p<0.05). £ FF HET,
/l]‘:’/v] /\]-E :L:L:,L;r_]. EE' /H /\]-E :L:L:,L_(;q %7}%')\-_0_
At A AAE (%) 5.72+0.14~11.67+0.18%2] 4
AR Yepgon, 448 4 SAET YT <A4E B4
Aoz {93t zlo]E Xt} (one-way ANOVA, p<0.05).
AR G582 Qi ZFHo] 1029%=2 7P Fgtor, 7}
w2 AEA AR T3] 177.831£12.00%2} 2F 174)
Zfol g H it

HE TY ZHol7t opolA e A4 (herbivo-
rous)©]2t &# A QJth(McDiarmid and Altig, 1999). %
A Aol SAA AE Hsl 11 FAE 7L Q)
o AE4 Ho|gko] W4T Y dole}t Aol F7t
3= Ao HuEo] glth(Altig and Kelly, 1974). & &
TAT A= ZAAQ &Xolo F Ho|go g AAIAH
AL FFe HEE 9 JFE| 7HE R Ao 2 RAL
ol w2t S71e] o7t thE Hold: 37 &8
FHerdo] 2o Aoz Hriy %m

Z3°1E AYolM A5 e dEol w2
HolE AZ 3 (Taylor er al., 1995), =4 Aee =%
g HolE Fold Bf A%, I, AEee FAE

AL AT} thg 2R3t} (e.g. Nagai et al., 1971; Crump,
1990; Godome et al., 2018). W 42| AFoA A3t
d Ao FHe S0l AR wEE SN A
o2 &E A Qlth(Nathan and James, 1972; Pandian and
Marian, 1985; Pfennig, 1990; Kupferberg, 1997). o|&= 5&
A Bolk AEBE AT Qi Agol 2RuT B
A 25 9§47k 7Hssh7] ool (Pryor, 2014). 3 4
oA Qo Faol vlsl] Akm FgatolA 7ol w

B3 AEEC] 2 Ae U + Witk 5= A=
AT AEQ AR 2ol Hd3] dhd "HERIS 4
24 Ale7l AL 2281, Y2 a3 Ao Ue

Wk HEZ 4420 2eo] 42~47%0°|1, A&
4 AR 2EEl 2 43%9] Td e 7R Qi
i FE4 dFel 7 B2 LES|W (BT 74%) A=
o Afole 2318 4FE 2 AEEC] UE AEE] ¥
3 RotAe 2HE HA WA S 4% E

AE oM FELLS FolARh, AET A A&

R

2 BAo] FFslol Arhe WS oulstel, FHA 5
A AbR 9] EFL A oFfof Sttt o]+= Ra et al. (2007)4
AN E FAATe LAolol HEeto] st w2
1Y Ete] FFF AFZAA AT 2ol
dgol 714 makAolehe A B U glo] $A1
At The B A7 AT AL HEatu B 424 AR
"o el dEetuy Ax £ 2ol v 4%
o) ML, o] el A2 250 Kol 23k
A%e AL et

0 _l
El = e AR EP%IE %— s Anone %

o

>,

3. F3 +20 WE 7|JLY 2

25°CoA] R AT Lol EL e M A7
AN 71g0] YR W, 27°Cel A Rt )
Fe) 2HOIEE 60% ool HEet me|Zo] Holk 7
P2 Btk BT 25°CoIH R SHoIES) M HF
£2 83098 WY, 27°CoA] N3t 2o] 3 719
o A Sekelzt A AY BAdAE 2 olg 1
oA gisrovt, gekelzt AL e GANA e o
At dolgon], B3] grkelzt AHE olFolw melE
Foote W geld BE At eb 23 2
AT BB F4-BUS AL 5 528 7]
g Pyl e #7189 A7t BAF Ao By
st}

£ 47t B9 AR AT B Ty
o Hhet 71220 ARG AL Yo, AT F
459 9% 24ol9 o] 7Y AP Holue
SE o RN BRH FA7|NE ohetstet,

Lo

—_

¥ 2

BE97) AT AT BB 2
A% 7 2AR FRE 95 Y D 23] 2]
5l 02 Garel oiet A8 Syt
oA At AT AL Wnl o)A B
stk SRS WA EHAA FHOR, 5B
3} N ETo] Yeksh TR 2 27.0%1.0°CoIA
4 F 3143 el Rasgon, 28 F 17547 7

o oAl A QSIS A Ol e 353
ool RE 4F U AEES BAT AT 424 A
2o} dEel BE FRY WE AL (A2 5843.9%
5736.3%), Bd YLAHE (DT 11.67%, 11.62%)°]
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02 FFEE (ZAE: 641.8~4625.2%, YLAAE:
72~11.01%)°l HI3} 7 kIl (P<0.05), oOF 35
o] 7} YHIth(P<0.05). B AR LS AEA AR
0] 177.83%= oA 35 10.29%¢°1 B3] <F 17494
ok B3 AEA AR HESR OE 7Y Bt
&2 27 97.5%, 100%2 7V =gtow, ok 33
325%% 7P Rtk gk S A

< g o] Hol= AEA AR E= HEHUS
A2 FFohe o] 7ME a2l 2oz woErh

W

Hr of
flo v 32 ol

A (YRR BEAIFRUANE YD), %
FAEYNRY TEN1FRANE AYATY), oF

Y (EUAHY B9V E R AN HYATY)
MADIGE A73e: &5, AdA4: 424, a5,
A o

FhTE S L A7 29 P2
=

=] . 2=
A2 MRS
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