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Abstract

(1F) In this study, we conducted four different experiment to develop species
specific optimal captive breeding system. First, we evaluated optimal opossum
shrimp feeding ratio to Microphysogobio rapidus to enhance quality of mature
egg. Group A(feed 3 time per week) show 1.57 times higher quality of mature
egg production rate than group B(feed 1 time per week). Second, we captive
breed Acheilognathus majusculus by controlling the water temperature and light
period. Total 332 eggs were raid, the fertility and hatching rate at 23 Cof water
show 99.7% and 99%. Third, we introduced wild strain of Rhodeus
pseudosericeus and Microphysogobio koreensis from their natural habitat to
figure out optimal breeding condition. R. pseudosericeus show active foraging
behavior at 23~25C of water condition and prefer blood warm. M. koreensis
show active foraging behavior at 21~25C and prefer vegetable pellet and blood
warm. Finally, we designed species specific(Microphysogobio rapidus) nature
behavior enhance program relate with swimming performance, anti-predator
behavior and foraging behavior. As a result, Microphysogobio rapidus show

improved nature behavior after enhance program.

(YA 3+%F) We secured wild individuals for captive propagation and a total of
50 individuals of Dryophytes suweonensis was identified in genetic analysis.
Also, we made cages and rain chambers for breeding of D. suweonensis. But it
didn't breed. Later, we made another coditions for breeding of D. suweonensis.
Sybinophis chinensis attempted direct investigation and trap capture, but did not

appear.

(4E) As for reproduction research, optimal growth conditions of Sedirea
japonica were investigated, and the physiological and growth responses of S.
japonica to the climate change conditions were monitored. Mass propagation of

Lychnis kiusiana was completed using asexual reproduction.
55 HF5E) In this study, we introduced dung beetle, Gymnopleurus
mopsus populations from Mongolia to South Korea to enhance proliferative

efficiency of breeding group and genetic diversity. In addition, we also



conducted captive-rearing trials to establish an optimal breeding systems for G.
mopsus under laboratory and semi-field conditions. In a series of habitat risk
assessment of G. mopsus, we investigated the potential impact of the ivermectin
residues that remained in livestock feces on the Onthophagus lenzii. The
cumulative growth rate (%) of the Koreanohadra Koreana which took calcium
(experimental group) for 40 weeks was up to 1.4 times, 1.3 times on average,
and at least 1.2 times higher than those which did not take calcium (control
group). In particular, the cumulative growth rate (%) of K. Koreana that
ingested calcium sources derived from organisms such as oyster shells was
6.9%p higher than that of artificially produced ground calcium carbonate,
confirming that it was more effective in improving the growth rate. As a result
of the calcium intake preference experiment for 10 weeks the cumulative intake
was 195 times, followed by oyster shells (59 times), egg shells (46 times), coral
(33 times), ground calcium carbonate (32 times), and cuttlefish bones (25 times).
Accordingly, oyster shells, which were evaluated as excellent in both growth
rate and preference, were selected as the most suitable calcium supplement for

K. Koreana.

+ Keyword: Microphysogobio rapidus, Acheilognathus majusculus, Rhodeus
pseudosericeus, Microphysogobio koreensis, captive breeding, optimal breeding

condition, natural behavior enhancement,  Dryophytes suweonensis, terrarium,

Gymnopleurus mopsus, Koreanohadra Koreana, cumulative growth rate, calcium
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=

o A7 A 2w

() ZAFA 4% F7b 30 8 A Az s}
of AeQolA S RAFA 2014 e s AUEAS NG 2
AL TR, B0 13RI EEIich A8 48 An S meFAl
21-25ColA 7Pg e Holwhg-e BYTh AMA olF mATA E4L
sfef ez Uhiol] HE EUSIES W £EAS WSS 5 olduEY Ak
U, B4 AR FITE AR R el 44T isisch AT
A Gz B9 2% F shuish WE ATEelel T 2R o] w

o
Jo

- o,
H
=
N

ol

(e
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AE F1 F 33 BDAA

g AM Ao} 174
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Rk HA F=
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¥+ 39.7mm)

&g 3

33271 ¢]

&

1 A 23 Ui st

o
vl

Els

By qubge %

ke
T

=g

o

FATHEFEE 99.7%). F318 < o] &3 F3F 23 23C

sapgol Yol Hs

G0l A 48417

5
T

A A

&

SHA T

3ol
A,

2TNA F3(F-3E 9%)E

ko3
T

°F 120 A7}
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FE B 2EEAT ATAS F= A
HAd 1077t 208
o

61:41 F - /\i
kel W ol & Al 23C F2olA 48A41%F T 99% 9] —rﬁ]r%% B3
1/]_ 5

AAZ] AA B Y =,
Ql Htdo) 23k QQlojgty AdHTT
E 11-2-Q2. MEtF F29| 2 Ms: 23
ek S5
= /\‘9_ J/]_
™| T ' TAamE EE 6 B(HE &5 ) .
1 26 14:00
2 24 14:00
3 22 13:00
4 20 11:00
5 18 09:00
2=z T O] AN
T Ty
6 20 11:00 ~ K 14770 A2
47l Akt wg
7 22 13:00
8 24 14:00 587 A2t
9 26 14:00
10 26 14:00 12778 A

3. Y=

7h A&

AejA o] %37 75 falAe 4 T AEo] Fash] Wid 4E o
G4 HPe A AAHCR FaH EAoth WsPARL 579 olzz 1y
n 53] dZ3(Orchidaceae)= XA E T -FAH Y oF 8%E AA e+ (A
Ao 28,0008 M Za de HX #H F shupo]tKChase et al, 2015
Willis, 2017). Z1&u} IUCN-2 2017d IUCN AMA HA ZEFol 948Fe] H=xE
SAEA e o] F 56.5%7F EEH I A e AeE BHskATHIUCN,
2017). WAl WA 2o AES eiAe HAHY o] Had Ao=
&34 A tHCozzolino and Widmer, 2005).

offd
(e

of |

N,

€= 8T dFSH 7ed

rlo



dx FAe] A ol 9% H Mg 2de THsy] SldME nE
o 4% A=, WA 24, B2, E 24 5 n&cr STHAmt and
Ernst, 1984). £3] uj#x] =4 F59 A%

=2
)
r
)
r o
of
!
T ml(}
=
)
g
i
_‘
o

>
L O{ﬂ
rlo
N
)

2 ofulwat, WER, MuE, ARE2E §7]4) 3)
o WA o thKauth et al, 2008). o] o= S A4 2B, 4712

=
So A7 % 94 fEHY ARl dFe F

v AT e 2 oy
2019 AT BHIA—HANA AHT dEFH TAE 0% e 20% = old
AAGEF 804 1583 W Attt ol HETE AFHsta W
E ARt nReYE kA Aots wiA o BFESTh
MS(Duchefa, Haarlem, Wlg@&=) 2 Hyponex(Kisan Bio, A&, ¥-=) Hj=]9
04 w57 B A vXs FFS Hrietr] fa dAAE 471 )
Aol A AAAZ T DOMS;, @1/2MS; @Hyponex(N:P:K = 7:6:19, 3g-L -1); @
1/2Hyponex
F3 AA e &AHAC 0.6g - L-1; Duchefa, Haarlem, Netherlands)2]
95 Hrishy] 8l AFAE o A71A iRl A A AT DACHMS;
@QAC+1/2MS; AC+Hyponex; @AC+1/2Hyponex
A3 A& gk f7]&(Banana homogenate 30g - L-1; Kisan Bio, A&, 3=,
Apple homogentae 10g - L-1; Kisan Bio, A<, st=n)e] &35 H7}str] S o



q 15 7HA] Rl A A AT OMS+71E; @1/2MS+7-7]1+&; @Hyponex+
F71%; @1/2Hyponex++7] &

EE A 30ge] AES HFetal 0.8% FHo= 1 3‘2}3}‘211:}. ] %] 2] pH
E 572 A, MAE 120 CoA 158 ¢ ngtddHos A=)
w8 & Incu Tissue(72x72x100 mm; SPL, A7 %, ?‘51}%)01] 100 mLe] ==
2 ¢ ZE HjES 2543 C, 16/8 he] FF7]o)A wjFaldct. avjek 7
ML T, Aol miAolA fre A EAES vastsnh

ZF A= 579 AAZE &0 e 39 HH 2 FAstAT 9F 7
NE & E FEE AAste] A ZY3Ah 4 N, 4u3, e
o] Ao, Bl FE5 ZAHALL

2Ne A E AU AAstden 3F 99 & o 167) WAl =4
o gl 8 AAS vlustHth: OMS; @1/2 MS; GHyponex; @1/2Hyponex;
B®AC+MS; ®AC+1/2MS; @AC+Hyponex; @AC+1/2Hyponex; OMS+#7]1&; 10
1/2MS++71&; (DHyponex+-7]1&; @1/2Hyponex+7]1E&; GMS+AC+771&; @
1/2MS+AC++-71%; Hyponex+AC+-7]15; (©1/2Hyponex+AC+7] &

o A7 Ay 5 uE

(1) MS % Hyponex HIA9] T a=7F FHO A v 9
Y3 nEE e FAE Hyponex ulA IF3 & 1I/L(TdE 11-3-(Da)dl €
A7 G 2L 1-3-(Db,o)oll A ko] FA=Ach AdH

b FHE BB WA FF, FE L 240 OE MPPOE AT

o

O H-3-(1). Li=E2te]l SAt 2ot & HH ¥



E Y F AES A, By 2ol 3 duAS Blaste
= Z/\}OP%E} A, v A 24 et fFEY Aol P =2
UERGTHE 11-3-(2)b). MS9] F=& Hte =z ZFAAZ A (1/2MS)ol| A A2
SEE MS #A0.007 @A AT §HO ZARD o = AFH0.118 9L
Ueldth Hyponex 555 Ho 2 ZFAAZ] vl #|(1/2Hyponex) ol Al A&k F1H.9
A 0239 g & Hyponex #jA[ A At §1H(0.129 gt 1.8¥) o =3¢
ok A FE7F 4ol wX= 9Ty #HASd 1/2Hyponex v} Aol A AL

THEE 99A(1.238 cm2)o] & vt g ol iU

W We] Poloi fo

b c d
0.5 2 2.5
Freshweight(g) Root length (cm) Leafarea(cm?)
0.4 2
0.3 15
1

0.2 * m m ﬂ_‘ ﬁ_‘ 1
e BB i oof o ﬂ
0+ |—1—| . . . \ 04 . . . . r1—|

MS 1/2MS Hy 1/2Hy MS 1/2MS Hy 1/2Hy Ms 1/2MS Hy 1/2Hy

% 11-3-Q). x| s=7F HE=Z2 7R MZo o|x= IE

(2) Ao H7PF FES Aol A= IF
MS € 1/2MS ujA| oA SEAdee] H7te FEY AFS AN 7= A= Y
Ebytth. MS iAo iRl FHEHE 7|A FEe JAHARE B, 1/2MS
iAo FHE Y7t A gl ZW v At 11-3-(a).

Hyponex¢} 1/2Hyponex vjA| oA f-He] AFHS SAleto] HIIEA Lo )

A2 0129 g 50239 @RT ARl H7kE WA ANA ¥ =kt (aZ
0.236 g 2 0.366 g; (ZL¥ 11-3-(3)b).

- 11 -



Zol= Hyponex$} 1/2Hyponex A oA ZAdeke] 3o
I1-3-(3)c).
Ne= A Fol
S
| B 2o

FEo
Frelm @ Aol 7k YATH 1Y

Hyponex<} 1/2Hyponex HjA|o] &AE-S H7IS w g
=S g H7iE MS ¥ 12MS A A A# FEE "] e M
] &

Hlsl RO Aol o 2w F7HSHATHIY 11-3-(3).

g 1/2MS A A A& FERET AT, e do

(2" 11-3~(3)b-d).

IA-?

VA

Hy+C

12MS+C
d
Leafarea(cm?)

oo
mC

oo

MS  12MS Hy 1/2Hy

ol o|x|

rir
02

MS 12MS Hy  1/2Hy
| A<D

MS 12MS Hy 1/2Hy

- 12 -



(3) F71= H77F FEY A vA = I
F71EA 2} vhyyg Bl Hrke AT, e Zo], 4ud s
Z7INATHZE 11-3-(db-d). B AR Ut 771E 7kl 9

s
= N
k
N
N
L
N
S
o
ol
N
f
rlo
=
A
é

MS+BA 1/2MS+BA

0.6 - . * s 2.5 4
00 Freshweight(g) oo Rootlength(cm} * 00 Leafarea(cm?)

05 {OBA |oBA
*
0.4 1

0.3 1 -
02 + 2 |Jr‘ ‘ " : *
04 ! T %1 ’T.— Fm
: 3 o 5 R U M 5
MS 1/2Ms Hy 1/2Hy 1/2Ms 1/2Hy Ms 12Ms Hy 1/2Hy
a2 1-3-(4). 7712 7Pt H=Ee fRo 4Tl o|xs dE

- 13 -



@) A 240l F7] fE Al WA= I

7] 2 AR A dFe Fetst] H?SH JJri INd %

fEO ARe BHS
4k Wel Aol felal et BaRel Ake $4) 4%
of fold Jare MAA egkth 53 MSeh 12MS wiAlel A% BAw &
NEe BE G A 2RA e Aol wA 6u o) YFF) Bel
dol7t

22 11-3-(5). Bjxl Z=Mo| LT Eet K29 37| M| o|xs Hat

- 14 -



&
riot

U=

7h A E

oo B3 =

ol
!
2
R=}
it
ox
Ho
N
Y,
ot
iA)

U s Ze(Sedirea japonica)= A TOo A UFE7) vk Bojx A

o 2 6~8¥o Aol BEdte= FdEAE A 4~10717F W =E 3
LoZ AAA FUHKim et al, 2014). A4S W& F7|¥Y= 7] i E
oA ZAA Wo] Yom &&= #otA AY BEEHA FeTh

AAAR o Z F=, 48, Sgveted B2 fivet gdaliel =432 H o]
9 Al gtk sl E EEAT] [ 5 oA EE ARH don
A AF=et ot =AAH Fx3 7]Fo] oy A= HHHA &
=THSuetsugu et al., 2013; Shim et al, 2020). < 7HA o]Jdl= Ad 209

WAz dAE ZA AAVE glol 2F FEH AR AdEE, FEES AQHZ
st dHF AAYA T BF AAH Hoz2 FHFETHShim et al., 2020).

UEIHS dF 2d3 SA400A ASste Aoz A oy a2y A
AAA 7153t wel -2yt GA B 7120l dsstal e 53] o
T4 o7l BEFHA AT FHAHY T HAWGA FARolA F A
Hg 5 AHSEHE 2

() AFAR: =2 GS T3l AT =3 100704

) 2FT =4

- 15 -



OFHE A AF 10 cm ZE T UEFHS 124 sjx5dtt. QA
daesE T FHVE dxFHA =5 FosH ASAZY. OAARE
SPDS (Soil Plant Daylit System) ¥ E o] &3la 7]3WM3l o wWE 7]
ojpEtEs: T P 2E XS 2ASUT. @Fxddd wE Ay - A% |
st5 ZAREH] 918 AR s ol &8 diETok AHET Wl 2k, 60%, 90%
G ATE 2AESATHE 11-4-(1). W ol dAd 73aZANE

ggato] 71 9 Auss WstE RUE"S I AFA g e i &4

Hdtes Fol8 3547, 2558718 AH8sta] ARSI

E 1l-4-(1). 2, O|{3tEls 55 X2 XM2lof w2 AT =N
297 =5 olasiRa ¥ 2% A2
AL 3de xRS AR
o 2=7*(Control) TEete] B o | 400 ppm 60% %
VNeEE 4H 90% =%
233
7153 Ay
=743 C 650 ppm 60% 233
(CCT)
90% =}

=

OH

NS W wUE Y

A

(3) 715Hs} 2o g oises F4E B 7
Ozt Ael7te] 723 2004 AS3 /fAE tides CO2 ngks 9 7%
AEES S8t @349 2345 Tl oRK19A ~ 64 12413De] CO2 &
g gA)A R EEE, SHEES 4SStk @34 Al PPFD (Phyosynthetic
Photon Flux Density)= 0 xmol m-2 s-18 1A AW 59 7143 600 u«
mol s-1, CO2 55+ ZF AgTo Hit 52 7|E0 = 400 2 650 ppmellA] A8}
Rom P& T 25 C, 71993}t A7+ 28 TE AT

4) 71338 =4 2 FFHo
O7]5ws}t 9 2ge] 219 FHE
Atk @QFEAE FF Wb SAHVIE AHESE

4

[e]
mol m-2 s-19] F&FS 1x7+

- 16 -



(J 24D, 30 ms (I ©A), 500 ms (P ©@ADe] d4E4 I3 U=E =AUt O
OKJIP &4 A3E F3l AEEEH "4V, VI, VK, oPO, ¢EO, w0, ABS/RC,
DIO/RC, TRO/RC, ETO/RC, REO/RC, REO/TRO, PIABS ¥ DFABS)E 4+&=3}¢ith

(5) 715Hs =24 2 FF0 g 454 3 s

DAEd EA4 W3l SHo] T5E T 7 APFoA 3FY A& AFAT +
AH 0.1 g& 10 mle] DMSO €q o2 6AZF ¢ =4S FE39T OF
Z3 g9 BPFTAE o] &3l 663 nm, 645 nm, 470 nme] A &
s =AHE T 924 a, b, ath, 7R ol TS AFEEH T QSPAD
& A3 QNS SAHSEY

oA A 8 a

(1) A58 vl
O71%¥st 270 o2 A U 4B+ 72 2T 4] 8€(25.3 T)FH
11418 CTH7HA Hab 2rastda 71583t Agae 27 Rt Fd 29 C
A UEbRtH(IZE 1-4-D). QW WP 255 60% =3 Ae+-¢F 90% =}
F A TollA tizTtol ¥ oH 27y H 1.8 C, 3.3 C Zastdt. Qs
= dz7e AT BT 70%2 AAsAou dAHSA FAHA Fka
iz} 71 /st A FollA A2 Bt 58.3%, 49.1%= JEFST

- 17 -



Control

35 —1 g RH (%) [ 100 35 g T RH (%) - 100
30 %0 30 %0
20
—~ 25 25 il
&J 70 (o 70
=~ 20 S 20
- 60 = 60
15 I 5
Ls0 O 50
19 - 40 L] 40
5 30 5 30
0 20 0 20
28-Jul  17-Aug  6-Sep 26-Sep 16:0ct 5-Nov 25-Nov 15-Dec 28Jul 17T-Aug 6-Sep 26Sep 16-Oct 5-Nov 25-Nov 15-Dec

a8 11-4-(1). tH=F(Control)2t 7| ==t XM2|FHCCT)2l 712(T) X dHE=[RH)

(2) 715H3} =10 W ogaeks F44 2 7 vhg W3 RYEHY

O3 2 Joll CO2E §573h= A 32 CAM (Crassulacean Acid Metabolism)
2Ee] A4S Btk @79 /Al CO2 §7&2 ¢ WPt FElsiAT 719%is)t
AglTFollxde 2A58 28A7HA] §80] ta At SlEEE AEE Btk
@oRtE C02 58S tha7(45.0 mmol CO2 m-2)7} 7133} #)2]7438.6 mmol CO2
m-2)ol ¥la) oF 17% =A YeRdt ad 11-42). @ol= Aujdoz w& 712004 v

TFdo] ASshs A i Eds ] S8l e ih‘é}udﬁ dY &= CO2 F5-F
o] a7t veht o g ddEn QrEAEEe} SR tERTelA &% 64] o]
T J48A Tkl & g FAsItE 24 34 1—? T Eo® ks Y B
Aok B 713} AP TFellAE HUHOR Ae Zo] IA ¥l 24 3A] oA7HA]
jz=Trol] sl dubgos vo grs ‘ITX]OI'OS]\EKZE] 1-4-Q3). ®rl= 7133} X+

of 7WA7} thz=g-e] 7Rl misl 71577 Al4s] dojuA] e SlvlRith
-oControl =CCT 50
e Phase | ' Phasell-> Il -

e ' g s

s E /w/’l : 'u;n g %

;ﬁa ‘gg 30 [

_g 0.0 N <) s

9: 0.5 F E H

15:00 17:00 19:00 21:00 23:00 1:00 3:00 5:00 7:01 9:01 20 & rol &

28 11-4-(2). ti=T{Contro)2} 7| S5} X2 7CCT) U LI E2te] CO, B4
o #3 % okt CO, B

- 18 -
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---Control = CCT

ST e o
B w1
S

g (mmolm%s?)

5:00 7:01 9:01

OControl = CCT

e
s

u/’

17:00

E (mmol H,0 m?%? )

3:00 5:00 7:01 9:01

- Control ICCTV fControl = CCT
3 | g e
J B L :[ ] s %"(‘*\a
z N 2 t A
= P s o= |
Oz 11-4-3). th =7(Contro)2t 7| =Hist M| 7(CCT) il L= S2te
JIBMEE(Q), SMEZ(E), =255 E2(TE) ¥ HWAEH =& o252 (WUE)
3) 71¥3Hs =1 2 FxHd wE 54 FF QS
O713¥st 213 #AFEd e 454 3 WS A 23} ABS/RC,
TRO/RC, ETO/RC ¥ DIO/RC= WA o2 th=x=7+90% =133 =] 7+(Control 90%)
oA 71 W 76‘??}% 51_%11:}, ol¢} tixHoZ 7|EWHe+F-ag A 2] FHCCT

0%)NAE g =

S 715k 2. H(P<0.05), 2]
g RYHaY 11-4-4). @7
DIORC Z7}= 73 B3} Aoj=l o

S
‘l“

- 19

. @715 EHT
s

HE ABS/RC, DIO/RC7} t2 A e]+-ol s f+ofst]
3 55¥ A=

ETO/RC&F TRO/RC HA] 7Hd =& 7
F A 7+CCT 0%)<] ABS/RC #
z1olA BEAY 7o Ed=
HI 2 3HA17]3L 7] 9
AFg A2 7HCCT 0%l

713 ol =30

o

g

Aerals] ol sizem,
At @=T+90% =g A2+
1 thAE 5o Q3 HA-3 &
do] AstE Aejol™ ThA] H
Zow AHETh

A Q)



<-Control 0% -o-Control 1 60% -0 Control 90%
e CCT 0% - CCT60% -= CCT 90%

ABS/RC
TRy/RC

20 30 a0 so 60 70 80

Days after treatment

ET,/RC
Dlg/RC

RE,IRC
REy/ TR,

20 30 a0 s0 60 70 20 20 30 a0 s0 60 70 20

Days after treatment Days after treatment

g 11-4-4). ti=7HContro) 2t 7|2}t XM2|FHCCT) W LI=E2te| d=4 Jd& ke

Oz A9 2FEo] Fotgoel wEt oPO9 OEO7F v F7kste AL
2 UelEth ol Bl A=A o AA A E%ol FH As & F
UTHIH 11-4-(5). @71 FH3} HgTo] A5 A2 F 56¢Fe g7 A&
w3 Z zelE Biled thz+728 A2l 7+Control 0%)ol sl 7] 5 3+
23 A2 FHCCT 0%)lA dPOE 38%, OEOE 40% Z+Astdar, o9 thzd o
2 VkE 38% 71tk 71583 60% A des g8 AxMe 2
AN VK7t oF 50% F7Fst=tl VKo F7he AAAEA EebA| o] vl st =
A3 FA TolA =7 AAFEA FA= QA- o]F A ddo] A3sid

ok o]F 77¢o] AUHA tETE AFEol wet 56t AR AEE BA
on, 71ZAIF+EAF A2 THCCT 0%)e] oPO, ¢E09 ZH4 = Vk =717} 56
dofl Hls o] & ztolE BA o] Fa izl His| 7]$wst 2ol ¢
PO9} @EO2] 74 % Vk Z7l= ZWbHQl A A &) Az As &
T Aoy AFAYE Sl ol AFe] tha NAEE o2 YEy:

- 20 -



@Oz} 7153 AT 25 A

A
o]

NE

(

aE

oA &
A 2] o

RES)

——Control 0% —CCT 0%

. e Control 60% - CCT 60%
A sz D - - -Control 90% B R === CEL90%
+ ®E0 Vi «®Eo Vi .
after

treatment
Lwo v ste v
$Po bPo «
Vi VI
* dbEo vi «dEo vi
after
treatment T e
wo Vk wo S Vg
t ~ t
PO PO *
Vi« VI
* pEo Vi * GEo vi*
after
treatment
bo Vk Yo vk,
* * *
dPo = dPo «

11-4-(5). At&&ol & o =7 (Control)2t 7| =H 3t M2 (CCT) W

o
o

o] wobd+% BUA /1T BY

4(PIABS, DFABS)7} 27 2718t ATHd 11-4-6). @A 2ol o3 1
AVAA B2 2AH ASss ASds BA 19 BHL A

o m&zxoz AHEstr] 9 ASukso] yelst. o= 7159
Hgl tiz7oA o & AFS 2o Jide =2 dz=79 A

- 21 -



< Control 0% -o-Control 60% -0 Control 90%

+ CCT0% -©-CCT60% -2 CCT90%
16
14
12 - . » l l
0 F - : - ’ I I
@
< 8 T
a g \ I
4
2 I T
0 | | 1 =
21 28 35 42 49 56 63 70 77
Days after treatment
1.5
1.0
g 0.5 -
<
B 0.0
-0.5
1.0
15 -
21 28 35 42 49 56 63 70 77
Days after treatment

ag 1-4-6). A-&Eol e i =7 (Control)2t 7| =83t M2|F(CCT) W
7

|7 &2 X| 7 (Plags, DFags)

@) 71508 20 9 o] BE 4Eh L AREwols g3 W
DES2 FFe A8 BobdFE Fbe AFL RAKE 1-4-Q)
@A 9 0% AF A A AFHS AT 454 abt B Re F
Fg By, ok A8& ad i JF Aol vhehd AREA Hi
A B4 Astel GG WAL Ao At QUEFEe Ageo|
sobgol wek AZEmolE $F 94 F/kste AFL BPEH, o= A=
fwolS/l BREHGHTE RENEEA J)5o] TR A48T A=
o ARt

-2 -



E 11-4-2). 7|=#H3 = & Z=xHof| oE G5 et
SR AE4 FHF(mg g-1) 7I2E o= | Ed4EA dEL/
a b a+b (mg g-1) a/b 2 E ol
=+
) 2.95+0.36/0.60+£0.13|3.55+0.49| 1.17+0.12 4.99+0.58 3.02+0.15
=R
A%
o =7+

i 412+0.81/1.26+0.17|5.37+0.66| 1.40+020 | 3.38+1.06 3.86+0.07
60% 2%

o =+
) 6.10+0.52|1.35+0.22|7.44+0.64| 1.66+0.11 4.60+0.82 4.48+0.32
90% 2
71 FREE AT+
) 2.86+0.40(0.60+0.04|3.46£0.40| 1.09+0.19 4.81+0.76 3.19+0.22
s
7153} A2+

i 426+0.46(1.00+0.18/5.26+0.59| 1.25+0.14 | 4.29+0.50 | 4.20+0.26
60% =33

71 Wt A g+
90% =+3%

5.62+0.07|1.41+0.03|7.03£0.10| 1.56+0.04 3.99+0.09 4.53+0.05

7133t A g ns ns ns * ns *
;‘(]_3!61, 5(_] E] *% *% *% *% * *%
71%¥Mg x 23F ns ns ns ns ns ns

(5) 71593 =4 5 gz wE A% Wit

Cra=rel G577 Aol B Ajole HolA] RSKE 114-Q). @3AF, I94, 4
ZH], HIGHZ 2 2gel] wEt ekl 2lolE Hal Akgae] 7Rl wet 41T, dd
52 S7PE ool A Hlo] o]gE8-S wol] 9% Ao Ay OFEE, &

<, TRE;, gwau], HIgHz], danle 71538 Aol ol fofdk Hele Baltt @
71538} AglTe] 530l O Wekem, 53] Bl el 2
ol & FFe rAle Ao® Uit Gl ] F
| T Aelet WA w& ZloE v
EERE 7RI el visf & ATelMs
2= 94 3 C ol Tkl 50 % &4 4nl} TBISiE 2o Addn
5 diEos w2 25 24 o8 7F 2 o)) AR 7leEdel A2 FE =

|

o] ZRaR olofal A0 Bl

g

m
3
H
k)
!
R
2

N
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A9 A | T/RE | G20 [ HGEH

| Hl

2k

48T | 9F g mg | 2
= | T S | (mm) | (em2) (g g-1)|(cm2 g-1)| (g g-1) |(g g-1)
o) =+ el 3 022 | 032 | 054 | 150 | 39.6 | 066 | 1875 730 | 039
22133 | [ £0.09 | £0.1 | £0.19 | £0.11 | #15.8 | +0.14 | +29.6 +6.6 | +0.05
o] =+ 50410 031 | 040 | 072 | 1.65 | 59.8 | 0.80 | 191.1 850 | 0.44
60% =33 | | £0.05| +0.09 | +0.13 | +0.08 | +6.8 | +0.12 | +13 +12.1 | +0.04
o =7+ 511 033 | 039|072 | 1.63 | 689 | 087 | 207.6 959 | 0.46
90% =3 | | £0.06| £0.03 | £0.08 | +0.12 | +8.1 | £0.12 | *155 +7.5 | £0.03
715348} A Iy 0.22 | 024 | 046 | 1.64 | 453 | 0.96 211.1 1032 | 0.49
g 25| | £0.09 | £0.10 | £0.19 | £0.11 | +12.9 | +0.14 | 247 | +16.6 | +0.03

7] %A s}
g7+ |4.4%0.9
60% 2%

023 | 023 | 046 | 1.61 | 535 | 0.98 239.5 118.0 | 0.50
10.05 | £0.04 | £0.09 | £0.11 | +6.7 | £0.06 | +28.7 +11.5 | £0.02

715 s}
87+ 4.4+0.9
90% =%

027 | 027 | 053 | 1.58 | 64.0 | 0.99 242 120.2 | 0.50
+0.08 | £0.06 | £0.14 | +0.05 | £15.9 | £0.08 | £13.9 43 | +£0.02

7]_%’%5} ;‘qu/] ns ns *% * ns ns *% *% *% %%
)33 = 8] ns * ns ns ns ¥ ns * * ns
71 FH 3} x
. ns ns ns ns ns ns ns ns ns ns
)

*p<0.05, **p<0.001, ns: non-significant

5. FEEAE FAMAE 087 34 JE AT

7t AES A4S E(Caryophyllaes) 4= 3H(Caryophyllaceae)dll <3l o8
saolEolth A AAHoR 30°4+«l F A2 24(Lychnis)o] E3E3}al glom,

FUdl= 7tesAEe LA F 659 sAEE Ayt Avklee, 1974
Magnus et al., 2008; Shin 2017). @A} 7}=%FA2e] A AR <&, FH

2ol o3k JF Foll oA MAFTE F3Fske] 2017d S el )
7] oA E 522 FEHATE 20199 EF97] OF% AE s EExX
Aol wEE @A Fuels A FAA 52 Ul oF 200 AAY BEESE
Ao g FAH[Y. HT 7tesAFE] AFste SAE B 9 BAsr] ¢
3 ATE 5 S vpAS L QA THYamasaki et al., 2013; AW, 2017),

X
)
o2

M
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FAE BEH HHTA A FES Fo| A7 FuAdd gz )
AS A = QAT BEUH B B FA Fuk o}gy] i) F4
Z4e BF 4 44 @ Agolth Aol 4B A 4= E:
RS 2 BAZ UL ol gl WIAA Huo} shssieh gk, B
AFE FA Wl 294 JHEBAR AAE ol g RS PHAE,
EP)E 5% H2 g0 A Fashsio,

() 7FEBAES B4 A4 PHE BF 34 /e

Oh £FE E A 34
DRAA A W EA0IA AFE SAZ WA 294 TR AAE o)83)
of BA AA WHE o 8T UFFA 7N ATE FAsGn: 294 TR
1071A1E AHg31e] AAAle] BelE (@) QpelolA BEe A2E DAt &
A el ARsigon, 2718 i) AHe 2PF 5 oA AxSETad I
SHD). @27) BN OB B Az PAE 8 Fel AASE Qo 12e A
gste] Fekay wEo] @ Y ol F AT S8 A4S 9% Tekay @)
S WolRRIt 2] B 4 $E AAE A% B4E Y ANsgon, 1
U FAoR HEE N VLS AT B2 B AR0| FAD AL 24

=7 w35 UPsielth

)%

LT )

ag 1-5-(1). 7l=SAtE 24 =223 & 25 (9)
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(h AEe 3 A 224
RAA FRA W FAA AFH FAE olgstel WolNl 234 TR
Z AAE o g3te] B o1§F AW WFFY /e ATE FAAT 4
S Az el mE 9T 2 RS B A8 AR EFst 1
ml, 2nkele] Aol A4E Alxste] Zolo] e Wi 8 AEET S
AR SEW AEES 2] 98 e MFECE, Belol
2E olgalel $ES Ae A% Edolel 10/AY AEe AWFAHIY I

g,

(m
©
(m
Sl

5-Q). @27] 24 AT BB Ax PAE 8 A5l A AR An
sgom, AERe B AEE BAS sk wde o]%aoq 58 443
I AWTS D FREE Y AARET F 18 0Ee % YRS 9D
Fwe g Aol SmE S SAZ §7 ot 9 A% s

o A7 A% 2w

(1) FEBAEY B4 AN PEE BT 34 /e

Oh BFE FF AA 34
B3 QBRI AAEL B2 $BHT YT U WA AU =T F
AY & Y= i Bsgor, WF 18 4EE 2 B2 T F 3
A AAEE ZANA ASFGTE 244 AL 10714107 ZE)ol 4 27
B8 Esl] F c0MA BF AASe] RelHglon, AUz Ft BF )
1w

Al 60MA 5 F 5070A7F T SEEHO 80%] TEES UEUTE =7
o] 9458 NAES 25 A 22 9 fejEde] IPgH 100%S] HEEE
Hetfilen, EF5 58 S5 B3l 10/AE 60/hA = F24] A33th
(h AES B3 A F2)
Are] S AEES v 1318 SHEIoH, 34 BF AR TIAES S0l
ASHTE 45 2olell W 4] g A} 1vE A=3E 10702) Al s 0%2] W

go] Yepdom, onjr]e] Aoz A3 A= F 107 5 77 o] 80060 e
Uehfiglom, bkzo] 255 JAIES 2% 100% AESie] o= gt ekaslglrk

SEY AE AP AW AT 37HA 9 MIFE FolA HolE % FEo]
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AES MAEL A 107004 BF Eo] 5ol 100%e] TIE&s, JE
220 ZASo= 270N WZo] $EHo 20%9 TEEES YEUATHE I
-5-(3)). o] €5FH Age BT 2F 4835ty 100%e] AEES YEIL
o 7hesAE 107AE AEste £ 20AE 524 SREAT

2. Ae
A2 B3 B2l Qo] ARR] Aol ol RS T 4 Qe 2] Zole] AR A
23 Zlo] W8T P8-S ol AR 0T BehEnk A1Be) AgEE fEE
Wi} Hlohd WelolE w9 nelo] 2 0a Yolg RS ol8s)s 7401 =
3} o] o] =go] B A0 Holm, thFFAo a@@ Aoz B 4
WAL HiElo] S ke SRolaks W B Wele] Abgo)
25 A vlARet S9sAG ARk -’E*&% MAEL B2 o] BoAAL B
2 WY F AR B F 2] 220l AR ANES BE B 4E
sh17] o] 2] W2 fEr} BFE BW F glol FaF Zlow wowE:
et $FE FE A 34 A viRe) D ko] 48 Hasfslel BFs] U
£ ol Zlo] BRE B9 thFE V1ol vI$- FaF 2o Btk thad )
A BRI B2 AR AR BYSHEL olF o|§F 1F
= U A el Qlo] e 83 Zlow e,
TR A% Aol T AAAS L mUEY AT Ash Tl AT} 3 2
v B4 AT W s R $ESIe) 4 shav) ofele el wak A
0 s sjw Fol Aeh] 9 7154Ee J Aok Wie) Al W 2 e

1«1
rr
N
LFJ
w23
p

:

A

9lo] FHMAE B Z2jo] WA ThsHo] EATE welA] JlE 4] FA ol )
WS olseiel T 541 S S0z AU FATT 3 P ol A
e A SRS QASE R ALH BUEPE 5 AYA L 24 M)

T4 2o} APIA) ] ZiAREe} el 1o F-8WA] Ths el Akt A7 asit.

7hesARe] e A Agd et 1ApdE ATE B dFSEE g8
6‘}9512134 A E ATE Fok TheeAEe FASA S 100% ol st
o F 820AE FEsT 22 E A7E TN FAE AAES o185
AR AT A T4 FH 8 /4 Ade T8 4N AT A7 E

shel AAEEARY FT4 B4 7EAES $RT agolrh
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EREERUE S h R
(1) AW H2 2HB PE
Oh =7 FE AT
2021'd 4€el ¢AF o2 A L(25T —20C—18T)oll =EA1AH dxt FHNA
TaT A FH) AU 27 SRAATE oF AU FHSE AR
, 2021 12¢ 139 FEH &A= 312(18C —201C —22C —25C)d =Z3}
o B Aot BEE Aol A5k 381 AolE FFeln, HoNE
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E 11-6-(1). =7 SHHAZ Sz

TE e S L YA (L&)
21. 03. 26. ~ 04. 02. 7 25T 14:10
A& € ‘21. 04. 02. ~ 04. 09. 7 20C 12:12
21. 04. 09. ~ 04. 16. 7 18C 10:14
kil 21. 04. 16. ~ 12. 13. 242 6C 0:24
21. 12. 13. ~ 12. 20. 7 18C 10:14
Tex7 21. 12. 20. ~ 12. 27. 7 2o°c 12:12
21. 12. 27. ~ “22. 01. 03. 7 27T 14:10
22.01. 03. ~ A% 25T 14:10

2FE e Age SUAZE F Jde 290S 3] 93 ATFE AP
Z g2 AFZA o] A(550mm X 380mm X 303mm(H) ol FES ZFI EYUE

(Z:AA=1:DE 20cm Eo|Z A1 TW T 2T 45 12AE FU3

o AsAEe AR, 3 5%L BB WE@eols HTUOW, 104-16
NE FAOE AGAT, FEOE Sojot WS Mo FYU 2Fnit 4
& 08 2r1e) e ARSI SIEAAR ol sl AHAolAe] e
& 3 ve 3 A A5

B Es} A2HE 2 B 98l AdFel S8 g F 3

_:_,

2zl 11-6-(1). AR A OIX| L5 (Zhet mgrezto|= S0l dRlE 25(P)
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20213 10€HE £xpF oz A L(25C —18C—13C—8CT —3T )0 w=EAA
s B3 MATES F2F7] AollA oF 671€3Ee] TH7IHS By,
20223 4€9RE £xF o7 12(5C—-7C—-10C—15C —20C—25C)0l ==
ste] FHAAA Moy &FS AZstA doh. F 33 HolE FFIa, ES
EV} AzxdAW E5F7E FEES AFATE 277 Ad T AEF AMA <}
THT HALE AAE J=&5 2 3}

Fol ® W=199, 204, 21d), Hold H/MAE Friste] A Holo o
G zte], BT AEIAHAZ], Al wet Rt dEHEES
}.

T -6, L ST HSez

solsle] YBAE

T2 gt 4% eE (L0l )
‘21. 10. 01. ~ 10. 15. 14 25C — 18T 12:12
22 ‘21. 10. 15. ~ 10. 22. 7 13T 10:14
‘21. 10. 22. ~ 10. 29. 7 8T 10:14
‘21. 10. 29. ~ 11. 02. 7 3C 0:24
T4 ‘21. 11. 02. ~ “22. 04. 18. 168 27T 0:24
‘22. 04. 18. ~ 04. 25. 7 5C 0:24
‘22. 04. 25. ~ 05. 02. 7 7C 10:14
o7 22. 05. 02. ~ 05. 09. 7 10C 12:12
‘22. 05. 09. ~ 05. 16. 7 15T 12:12
‘22. 05. 16. ~ 05. 23. 7 20C 14:10
‘22. 05. 23. ~ “22. 06. 06. 14 25C 14:10
i AZbeig 2E9t S8 AAS AFor o] Jhed F2FEAE
AAste] dolls 227 AAMS] SEbrtal Wele &=7F AAS] WolA Al st
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AZh
AT 1 (2 |3 |45 |6 |7 (892 [©[Nn |2 @ WA[5|6|w]8 2021 [22]23] 24
2E(C) |[® |8 (1818 |18 |19 [20]21 22232425 |26 |27 |27 |26 25 (24|23 |2 [21 (0| % |8
8k so%

2FTE Y] Ags FUAZ F e 89S Po H-Ul AT A=A okmd
= E

A& A o] ] (250mm x 250mm(H))oll =2f o} HA &
A ﬂﬂﬂﬂz%ﬂL%i&%@ng@ﬂq.aiagsﬂ%

Aol AFW)E FAhoz ARAT. AFAES 250 I A3

42 J=a0.

gzl 1-6-3). 250w A
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GRE FHAAT T LFE AAad A wk-oke] RUHPAIER A9}
A B FY AARRAAT ok 71 Tl AR =EE AdHA dde JYHA
g olad LA o X (250mm X 250mm(H) el EY | E(Z#: 2 4=1:1)E 20cm
ZolZ= A1 BUEHAIAE Qo] 22 ZlolE 2502 EYMES 2EE
2 EqFe] 259 oA s k. dFA oA AFFY U 28 ¥
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21d 490 527417 FHol AAYAL, AA UFF A4S 1244
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B2 ok 674U FW /Rt 2 Jo] H Aged, 1eHdE A W

= BT JFUECNA AEROE Ush AT AAEe] BTk
UF 7 B9 71ke 939 it 8 £5 Jed 8% 5 Atk
HED 1204 BRo2A WG Teto|= AEUOWT FE o 474 5
o )1 & #HolFAUh WgTetol= AL o L2mAE AYE FAO
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of AP Lhe AuAFBEe AHSE AN G Ayl LPHUE
d, E2AFL ol§3tel AFUU/TL W] I3 TAS HFAA §
sach. =7 B9 Az A5t Az oz Be =
53} 547 e e gwel

t ooy QRN 4834 29 Ao Budd.

A
T2 11-6-0). ekseHp [ obiM WSEel 72| ¢HP [Z)ot olaRl0| fRleh AE572| LD

(th gut 594 AT
dEAESL EYURY WE AEV|IEO] 7HF F23F Qo2 YE
M A (2D BAYEte] AEPA 7|3bo] e AFLFE L5UEE
=9t} ‘19de] HAS HEFS B4R 4dRQ 202296 LEAEE0] 10%S
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E 116Q. et M Tl dSHE2
TE FH A ANASF | sH F A A EE
194 10 1 10%
U= 20 75 46 61%
21d 43 36 84%
19 3 0 0%
T4 g 20 76 61 49 38 64% 62%
A 7}A 20 52 14 34 8 65% 57%
21 31 25 81%
19 7 0 0%
74 20 53 31 34 22 64% 71%
21 15 12 80%
19 1 0 0%
=3 ¢ 84 20 54 44 32 24 59% 55%
21 9 8 89%
19 2 1 50%
MIX 20 21 4 17 3 81% 75%
21 15 13 86%

aFTY AT Aol TS0l olofel uwet H]

FPso HolA & Ayl FoleH APl ArE A vEs o A
Al &8 Ayt AJAHAT. 2HA 2FFE Y BYHe ST 20S
7] sl Aol F2FFde THst] AHEE 2= WA B
e AEstgon, A AFC0WE X ste] ofo] ik A AFA
AR B3E e g A A
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7. 2F72) Holg AWRACH) FTHE AP AT
7F A8
2FTEE #37 fEvdet dge BExsig oy 19704 o] F @] o)
slol @A AQHER FAsta Aok KFFE7E AR o frell tisiA = of
742 Ags] g AA Ggskoy F8 AAF ShHE 1970 FE Aol
BASHA S7F AR 7S Ui FEAVE ASHL Y FEAE 53
A 7HEe] Midee BT AHAZ 22 AR AR flon, o
5354€ doA AT ¥ TRl
= 2 ATdM e 7kE AR &
3] AHEHE O]H%Uﬂ‘:d(ivermectin)% ol&sl ol ZA=(fA-7}
A

Ay
)
A
g
)

ofAo thgk i Brh= wMA AFF R ol(Onthophagus lenzi)s ™3 o.=

TR AT WA LFFAol= 2FTFE Y FARE AHE 7R SAFeE, &

FTFEE R 3 oA =243S dAlE] BESAVIE s S4 A &
A B

o
of 22l FMAALFZFDol= 224 6¢

A% A A BN AL AFAE, 1D, BFI)E R
B 223442 749 <8 4eE A9k
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o2l U o =EFTO| W2 MEHY AT Y

a o — o e
PN LA (1Y 2 AZE oF 30kg)
oFX| & 04 CH A 2F| o|HH El &K (lvermectin Paste 1.87%, duvet)
£Fof ghtH FH 450kg 7|&= 4.825g(0le{HEl ME 0.09g9) &F+F0
B PN 2EFE ZAZTERIXNLEEH0])
28 F=d Day(2H F04Q) -1, +1, +2, +5, +8, +16, +28, +42
£ =7 FHAZE 24A ZHO9Al ~ 2l 09A|) Zob MAtE BEHE 2E A
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EFRTHE O-7-3). €HS 58 =5 ‘?J‘Zﬂ% H2 HE7b vrolbya, 5Yxt

B13(0.007mg kg-1 ©]F o2 AAlg AR AEZHo] AU oHHEe HE
A Ft.
T 11-7-Q. 7152 St 23} AXAEZHo| Mu o|HHE M7 =55
mg kg (meant se)

T2 ot 2 HX| A~EZHO|

D-1 N.D. N.D.

D+1 2.2922+0.0501 0.3402+0.0044

D+2 0.1048+0.0033 0.0250+0.0019

D+5 0.0070+£0.0003 N.D.

D+8 0.0024+0.0002 N.D.

D+16 N.D. N.D.

D+28 N.D. N.D.

A 2FetA (LOQ)=0.002 mg/kg

TEE oA B AZE B =F AFAAE 7tSe ojHHE FoF &1
Aat F5(2.29+£0.092F FAFE 2ppm BHS A AALFFDo] AW
FHF2 0.32£0.00 mg kg-12 715 WS 53 =F APH fARE 2945
gstAtt. =23 F AFS Tl E¥H W A9 FEI 2&5E WALT
Zdo] AU F3Zo] ZolA= S AT = AJHE [-7-4)

E I-7-4). DT o 2ol e ARSESHO| &Y OfHEl BT S

mg kg-1 (mean* se)

=z Mo zHFEF Bl 2
0 N.D. Negative control
O(acetone) N.D. Positive control
2ppm 0.3265%0.0056 -
5ppm 1.4659+0.0178 -
50ppm 2.8274+0.0466 -
100pm 6.3579+0.0839 -

22t A (LOQ)=0.002 mg/kg
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2ppm(2.25+0.173)3 5ppm(1.73+£0.108)o] <FA] A &S A Fe& o
(4.75£0.223)0l wlaf ks 93 =97] g7 FATES FAS AT H
I-7-(6)). °l= 3k 4bsgk Zeke] Aol A2 A717F ofAl &5 = whet
AT 5 AAJHTHE T-7-(7)).

Plot of burial holes by treatments

e B, 220

The number of burial holes

= 2wm
Treatments

a2 11-7-6). &M sxo e Metes(=a))

Treatments = NC = BC = Z2ppm — Sppm
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1o°

ol e 2 EAF2|(Copris ochus)et o) 7] E4F T2

(Copris acutidens)e} & Foll A

(Iwasa, M. 2007),

A Apgol

Z

sl gtk dE Hoh(Verdy, J. R et al. 2015). & dAFA=

A

B

]

Al ARGl

==
=
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AT

Eia
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8. 2ol A&E Md a7
7t A&
@9 o] (Koreanohadra koreanafe= 75 HE97] B =N F2E A H
of Hzlew HzW1 om, 2022¢ I7MEEANES MRS AT
(CR, Critically  Endangeredoz A3 ZAFHJATDC 129 $71EN,
Endangered). g3 ole = ILFFToE HI7HA HAadd=E Alka T=7}
FEE AAAR dHA AT FHAH L 7S HLAEH = 2019~2020
Aebd= Aok Ao 6570 AH@570 KDoA FEsgole] M4 Az
ZA}E] SHE = 1% A2 A& dEskg ). Choi and Park (2020)& 34kt
A RAZlA A=FD 3 ol (Koreanohadra koreana
jangdoensisls HAste Fg¥ol ofFo g V|F3UT. IHAE ETE
A AR 7F Ak A Aol A E o] FF 7|FHste 9% AFH 7
1 JNAIT ZHATE ddEnh ofd AAlTE BAE
= =7de] Fasty, A JATS BAstr] faiA =
A AR RA7| R A AFFA NATo] A E FAFHo|ok gt

_4

S @¥ole olsAdo]l ol AgHom AuH AN A WACEEK
g0 spst= At gol A Ao 53] Hatk Al =(Outerbridge and
Sarkis, 2018), X.\JA]=(Chiba, 1999; Chiba and Cowie, 2016)2} & o)k
(oceanic islands)®] EZ} @¥o|= o|n] @2 Fo] HHAAY AE 97|
o EYATr Ay¥FEH Aok dEHeE wAEY A= uf Dol F
Poecilozonites 49| Ql&=2 5 2 Z2AE A7} okOuterbridge and
Sarkis, 2018; Copeland and Hesselberg, 2021). Z&o]e] A2 x]¢] Al¢ki &
g oF 1004709 Ao o]Folx flow, REY HES FEE AAHA

o
ol
ol
2
ro
oK
olN
1>

e 97E ARSIAE. 201dolE FER 93
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5[ T AP AR FE ol ‘18l TEoA =% A ZHEH
ANFZF23 24MA (Y. AFFAL &5+ 24T E FA3IHY. AAsAe S5+
60%S FASIRLSH, /ME ASEY FE= 90% ooz 2-3AY. Aga
o] 83k 247MA BF G¥o] AR} AEAH Hol(YulF 3HE FAHo=E F 3
3 AY Folatith. AgTol= Hol g9 Al AR g2 T/ Z5S AF
stRoH, gz ZES FolskA &yt AdTtel A dEe 44 =
deitd -, Algdr], 24d7], 4%, e ojme] 7P ThE. I-8-(1)).
E 11-8-(1). 2ol & 55 Hlw Ay =
HE @D @) ® @ ® ®
R ) = A1 A2 A3 A8 74 A5
=" a4 =4 A = . 2Fe Ao
v 3 Sl A 7] 74| 7] L]
A %= 4 4 4 4 4 4
3 9ol Eo| AlZ + =2

ZF A A 2T N ARssilen, sjde] 2 dolmE TIESE A
2715 HAx & Aoz wAE] FU 24 Tmm o]sk= 40X 12mm =7]9] 879
A e, 278 11lmm ©]8k= 60X 15mm, ZHE 1lmm ©]74-2 100 X40mm =719 Af
T 8712 WASIATHE. T-8-2), Z1H. T-8«1). 2742l 4ol 13 mm w]Rk2 Av]
7471 2K Nikon Y-TV55)¢} Tcapture (Tucsen Photonics Co., Ltd., Fujian, China) 4~
ZEHE o]&ste] AYsHAl SAALH, 13m oFE= HUo AgH=E
o]-g3ste] i 13] F 4073H=7] SAR LI AHS SHSIATHE. I-8-(2)).

I 11-8-Q2). dECAYE At 7] 37|
2n ZY7437] (mm)
<7 7 < ~11< 11 <
ANEE7 | 40 x 12 o
=27] 60 x 15 o
(mm) | 100 x 40 o
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() 2ol Zw TFE AZEAN A= IF HAF

g T/, vol 713, Zg SRS w0l 7Y s Ago] 24 43 JHAE
A% A7 Wt e mA A FAHCE HFEr] fd HESHEA
2] (Repeated Measures ANOVA)S TH3ATH Zw T/ mE 2 FAE
MAE B 2719 A4 o HF= Kolomogorov-Smirmov & Lillieforos test for
normal, Shapiro-wilk’s WtestE 283}l <13} th. Statistica (Statsoft, Version
8.0)0F FAIEA O AR&stAdT. 4 AFAY AF FFEL 95%=E AP
o FFE(p-value)> 0.05 o= stiom, FAF7IE E= tiygrHEe Y o
5 Sl ATHEE. T-8-(3)).
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#* 11-8-Q). Z& &F =0 7|2l weE #F/oE JH

T AF7HA EekE
N e TR 02 A3 g TR mE 4%
s TF _ _
zto] QS 2ol S+
Zw Fo 713t g2 4% Zw Fo 713t g2 4%
Zs# 59 73t . .
zke] zke] Sl
e TRt wel | ZE TFS 39 71Tke] AR Za THY 5o 717t
7RI] WSS ErH o AgatA| ok Aol EdHoR 283t

(3) FEAo] ZF HF HAzx AF
DI SELAE] ZA| ARSAPEA QIZSAIRE Zago] E8A26714, 2 oF 18mE
olga}e] FheAo, S|, ARV, Aks, TR 71 T 2 550l thdk As
S5 SRBIIHTH. 11-83). L A= 8L 105K6-79) F 103)(miE 13) 2184519
om, A% 139 TARE B2t vl 182 (0= ARRES: Hsle] dduiol} 7 ZeAlE WEst
355 78150tk olF ZEA SlollA 13 oPd mFEe Ao ERld ARINE Zsrs AFTH
ZoR WASIGITE 1 ol ZAl flolk] m=gh Zsgol] thet A W5 sl ] <ial
AR TRt S AFseH, o 3k Aol FEEH Zus B HAE AT
7t DA 2ELJRES I (A A 022-313)8] 21EFA D AER3Er A0 wet

R, A 5 65 2 7] G Na 5 59 Bl B4 v

r
.
v

d




ar

=

. A7 Az g

K

(1) 2% FF P Aolo] BE YHE M
077 & FoIst Ade-S Heh 7.2m(9.5-16. w7 | 43745 HEH, vlEo] tiE=2 5.2m
98-150m Z7151e] o 2me) Jolg BT LA W oM T6ml95-17 I
A 7k FA Asi o, 27 7.4m(9.4-16.8mm), 4FS 7.3mn(9.6-17.0mm, AlRPAE7] 7.2
mnf9.2—16.3mm), FEEHFZE 6.5m(9.8—-16.3um), PhHo] 5.2mf9.8—-15.0m), =O|ATKIE. T1-844)).

E. 11-8-(4). 4052t #Erdo| 244 ME 37| 2 22X}
= =R 7t 2o FESA
TER | A N ET=rN =4 | Ag PP
* e Rt mi) |zl | M2 | S (01300 et a | iy | 42 [P o130l
1 9.8 9.2 9.4 9.6 95 9.8 0.9 0.8 0.6 0.7 0.6 0.8
21 103 9.7 10.0 10.1 10.0 10.1 0.9 0.8 0.6 0.8 0.6 0.8
3| 106 10.1 104 10.5 10.3 10.3 1.0 0.8 0.5 09 0.7 0.8
41 110 10.6 10.7 10.9 10.8 10.4 1.1 09 0.6 1.0 0.8 0.8
5] 115 11.2 11.2 114 114 10.6 1.1 1.1 0.6 1.1 1.0 09
6 11.6 11.4 114 11.7 11.6 10.7 1.1 1.0 0.8 1.1 1.0 0.8
7 11.7 115 11.5 11.8 11.9 10.8 1.1 0.9 0.8 1.0 0.9 0.8
81 119 11.7 11.6 12.0 12.1 10.8 1.3 0.9 0.6 1.0 1.0 0.7
91 120 11.9 11.7 12.2 12.3 10.9 1.3 0.8 0.6 0.9 1.0 0.8
10| 12.0 12.0 11.7 12.2 12.5 11.0 1.3 0.8 0.6 0.9 0.9 09
11| 122 12.1 11.8 124 12.7 11.0 1.3 09 0.6 0.8 0.9 0.9
12| 12.3 12.3 11.9 12.6 12.8 11.2 1.3 1.0 0.7 0.8 0.9 0.9
13| 12. 12.3 12.1 12.8 12.9 11.2 1.3 1.0 0.8 0.8 0.9 0.9
14| 12.6 124 12.2 12.9 13.0 11.3 1.2 0.9 0.7 0.7 09 09
15| 12. 124 12.3 13.1 13.1 114 1.2 09 0.7 0.7 0.9 0.8
16| 12.6 124 124 13.1 13.2 114 1.2 0.8 0.7 0.7 09 0.8
17| 12.7 12.7 12.7 13.2 13.4 11.5 1.2 0.8 0.8 0.7 0.9 0.7
18| 13.0 13.2 13.1 13.6 13.7 11.9 1.2 0.9 0.8 0.6 0.9 0.8
19| 134 13.6 13.5 13.9 141 12.1 1.2 09 0.9 0.5 0.8 0.7
20| 137 14.0 13.8 14.3 14.4 124 1.2 09 0.8 0.5 0.9 0.7
211 139 14.2 14.0 14.6 14.7 12.5 1.2 1.0 0.8 0.5 1.0 0.7
22| 141 145 14.2 14.7 14.9 12.6 1.1 1.0 0.7 0.5 0.9 0.7
23| 14.2 14.7 14.3 14.8 15.1 12.8 1.1 1.1 0.6 0.5 0.9 0.7
241 14.3 14.7 14.3 14.8 15.1 12.8 1.1 1.1 0.6 05 1.0 0.7
25| 143 14.7 14.3 14.9 15.2 12.8 1.0 1.1 0.7 0.5 0.9 0.7
26| 143 14.7 14.3 14.9 15.2 12.8 1.0 1.1 0.7 04 1.0 0.7
27| 144 14.8 14.4 15.0 15.3 13.0 1.1 1.1 0.6 0.5 09 0.7
28| 147 15.1 14.8 15.3 15.6 13.3 1.2 1.1 04 0.6 0.7 0.6
29| 150 15.4 15.3 15.7 16.0 13.7 1.2 1.0 0.5 0.7 0.7 0.5
30| 153 15.7 15.8 16.1 16.3 14.0 1.3 1.0 0.6 0.7 0.8 05
31| 157 15.9 16.2 16.4 16.7 14.4 1.3 0.9 0.6 0.8 0.6 0.3
32| 159 16.1 16.5 16.7 17.0 14.7 1.3 0.8 0.7 0.8 04 0.3
33| 16.1 16.2 16.5 16.9 17.0 14.8 1.4 0.8 0.8 0.8 0.3 0.2
34| 16.2 16.3 16.8 17.0 171 15.0 1.4 0.9 0.7 0.8 0.3 0.3
35| 16.3 16.3 16.8 17.0 171 15.0 1.4 0.9 0.7 0.8 0.3 0.3
36| 16.3 16.3 16.8 17.0 171 15.0 1.4 0.9 0.7 0.8 0.3 0.3
37| 16.3 16.3 16.8 17.0 171 15.0 1.4 0.9 0.7 0.8 0.3 0.3
38| 16.3 16.3 16.8 17.0 171 15.0 1.4 0.9 0.7 0.8 0.3 0.3
39| 16.3 16.3 16.8 17.0 17.1 15.0 1.4 09 0.7 0.8 0.3 0.2
40| 16.3 16.3 16.8 17.0 171 15.0 1.4 0.9 0.7 0.8 0.3 0.2
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o WZte F2 A3F HEoE FAHO Joj(A} ], 202D
e Fzor AAsoF sh7] W&o A3do] FHI A4
< JNAE<] %ﬁﬂﬁ}(Outerbridge and Sarkis, 2018). &3], A%
B ZeEs Z8E o Zgo] FFI Ae oE @¥ov A
o] %017} g8ttt 4053E
S HF 57.3% =2, ES Fol
ool 42.8%Kt} 14.5%p =AUt 53], A=A Feis ZsA
(FFreAoim 3)E Folgh APTY F3 BAAES 58.7%E UdAFoE Az
g FAAEE 51.8%C HIsl 6.9%p =A UElgth ZEA HEE Ao
W 59.8%F AFAT FEdol Aol M IA AAsAeH, =47

59.3%, AT 7] 58.4%, ~t% 57.4%, TASNLE 51.8%, PIHol 42.8% <
Ol ATHIH. M-8-(4)).

O

[="

1
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233
749
0.51
32.89
40.02
49.65
1135.76
125,38
2.52
34.10

46,076.6

0.30
0.09
0.06
23.65
43.90
55.65
43,930.2
520.50
14.19
460
14.25

2
27|
0.91
0.61
0.10
31.58
43.43
54.95
49,7221
72547
36.92
44.96
4242

Azt
27|
0.49
3.33
0.22
11.51

40.14
0.00

55.82
49,362.3
76.85

250.76
51.37

1.97
0.01
0.32
0.74
41.06
56.64
53,6032

20.85
7.1

0.00

9.7

Moisture (%)
Crude protein(g/100g)
Crudefat(g/100g)
Crude fiber(%)
Carbohydrate(g/100g)
Crude ash(%)
Ca(mg/100g)
Na(mg/100g)
K(mg/100g)
Fe(mg/100g)
P(mg/100g)

771

Nlo

1o°

A

3ol &
el =g vigoDdt 5719

=+

)

24
gay

=

[

9607 S .

o

P
BEres F

T(Zg w5ol) 242 A 4

11-8-(6)).
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.
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. 11-8-(6). Kolomogorov-Smirnov of fit test, Lillieforos test for normal, Shapiro-wilk's

WestE 0S¢t &Edo| 2td EH#¢ d+d 45

Kolomogorov=Smirnov Lillieforos . 0

Var, goodngss of fit test test Shaplrg—wnks W test
k-s d o-value ﬂ've;ﬁjrgs Shapl\;\?—wnk o-value

1 0.12012 > 0.20 > 0.20 0.96864 0.63353

2 0.12487 > 0.20 > 0.20 0.96822 0.62323

3 0.86380 > 0.20 > 0.20 0.98271 0.94010

4 0.69840 > 0.20 > 0.20 0.98312 0.94561

5 0.10221 > 0.20 > 0.20 0.96535 0.55481

6 0.11761 > 0.20 > 0.20 0.96366 0.51617

7 0.10021 > 0.20 > 0.20 0.96097 0.45814

8 0.10120 > 0.20 > 0.20 0.96688 0.59082

9 0.11561 > 0.20 > 0.20 0.97479 0.78427

10 0.12778 > 0.20 > 0.20 097773 0.85063

11 0.13901 > 0.20 > 0.20 0.97746 0.84494

12 0.8438 > 0.20 > 0.20 0.97983 0.89273

13 0.10721 > 0.20 > 0.20 0.97451 0.77743

14 0.09947 > 0.20 > 0.20 0.97608 0.81415

15 0.12233 > 0.20 > 0.20 0.96755 0.60691

16 0.11817 > 0.20 > 0.20 0.96974 0.66060

17 0.10399 > 0.20 > 0.20 0.96065 0.45159

18 0.10201 > 0.20 > 0.20 0.96747 0.60505

19 0.10370 > 0.20 > 0.20 0.96920 0.64726

20 0.11418 > 0.20 > 0.20 0.96909 0.64457
21 0.10311 > 0.20 > 0.20 0.96263 0.49350
22 0.09907 > 0.20 > 0.20 0.96530 0.55369
23 0.11218 > 0.20 > 0.20 0.96121 0.46321
24 0.10702 > 0.20 > 0.20 0.96480 0.54198
25 0.09243 > 0.20 > 0.20 0.96549 0.5579%6
26 0.09530 > 0.20 > 0.20 0.96996 0.66595
27 0.11523 > 0.20 > 0.20 0.96571 0.56325
28 0.10646 > 0.20 > 0.20 0.97351 0.75339
29 0.09656 > 0.20 > 0.20 0.97349 0.75287
30 0.12902 > 0.20 > 0.20 0.96861 0.63282
31 0.10002 > 0.20 > 0.20 0.96011 0.44056
32 0.13684 > 0.20 > 0.20 0.95231 0.30375
33 0.12312 > 0.20 > 0.20 0.96279 0.49700
34 0.11795 > 0.20 > 0.20 0.96802 0.61839
35 0.12730 > 0.20 > 0.20 0.96692 0.59192
36 0.13379 > 0.20 > 0.20 0.96682 0.58948
37 0.13356 > 0.20 > 0.20 0.96361 0.51503
38 0.13106 > 0.20 > 0.20 0.96408 0.52562
39 0.13082 > 0.20 > 0.20 0.96252 0.49116
40 0.13052 > 0.20 > 0.20 0.96305 0.50260
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(repeated measures ANOVA) A3} Z5 A% 717to]
o2 Yepdom(F: 1045.331, p < 0.00D, 2 AH 7]
o7 fFoulsk AFAFE 3.288, p < 0.00D= EJATHE 11-9-(7).
12191 Fojde o
apt 7rd AU
gzl JAgE, 19 AE

4] 4ol

pd
2} %R wE

HhA

Tl

T W] vlel ArhAem WITHE 2328, p =
H FHEEEE 3.038, p = 0.132)9] Il 711

Zae AR SAER] #Fe4dp < 0.00De] AF
HJATHEE [I-8-8)). ©loll wet FE=gole] YFAE /e flixe des A=
SAREET AEollA Lokl A€ wolshke Aol ARt Aos e

. 11-8-(7). Z&He 7/, 20| 7|12 F #He| nsSago st HESEEMEN

(repeated measures ANOVA) ZIHAIH T, CHET X
=1 Sum of Mean of -

ket square F value square F ratio p-value

HH 178825.9 1 178825.9 6904.050 < 0.001

s B/ 3015 5 60.3 2.328 0.085

=0| 7|zt 4042.9 39 103.7 1045.331 < 0.001

WSEE 63.6 195 0.3 3.288 < 0.001

. 11-8-(8). 2t Zk5Al|et ci=Z4n|=Z0) 71| YFEEEEMEAMrepeated measures ANOVA) 2}
= Sum of Mean of -

et square F value square F ratio p-value

Intercept 57214.38 1 5721438 | 3505.766 | < 0.001

ZLo R o] Calqium type 244.38 1 244.38 14.974 0.008
Feeding period 1230.64 39 31.55 240.184 < 0.001

Interaction effect 30.82 39 1.02 7.772 < 0.001

Intercept 54918.48 1 5491848 | 3422608 | < 0.001

277 Calcium type 116.30 1 116.30 7.248 0.036
= Feeding period 1215.71 39 31.17 480.851 < 0.001
Interaction effect 26.64 39 0.68 10.535 < 0.001

Intercept 56565.17 1 56565.17 | 3240.387 | < 0.001

AS Calcium type 203.68 1 203.68 11.668 0.014

= Feeding period 1179.38 39 30.24 397.037 < 0.001
Interaction effect 28.52 39 0.73 9.600 < 0.001

Intercept 54907.60 1 5490760 | 2342270 | < 0.001

A 7| Calcium type 115.80 4 115.80 4.940 0.068
== Feeding period 1136.84 39 29.15 360.308 | < 0.001
Interaction effect 29.25 39 0.75 9.271 < 0.001

Intercept 54695.86 1 5469586 | 1563405 | < 0.001

SRER Calcium type 106.27 1 106.27 3.038 0.132
Zhs Feeding period 1026.24 39 26.31 269.726 < 0.001
Interaction effect 9.47 39 0.24 2.490 0.000014
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(3) FgWol F# 43 HEE 4
10310 24 Fegolo] L4 4 WIS AT A 18 o4 BHAE

AHG 2oz e wE

T

1o
=
3
rlr
o)lr
—
S
=
2
i
o

=
A AAAE g8 ZeAlE SRR AHAT F¢E EF I F AHH 2
T 1953 HFHo2 SAHT|NA 5932 MY w2 A HEE B
Rew, ARy 463, A& 333, SALEE 323], Ao 253 =
oIAUTHIE. T-8-(9)). =AHUIE HHAT FEHolY AFES 59.3%=2 Y&
ol 7F& Zd FF e oim 59.8%l Bl °F 0.5%p 2Fol7} oy AT =M=

oF 21 =2 -’F%O] ME‘r. BREN AEe 25 98 B9rkd 24urE

£ 11-8-0). AWole| Z&H FRol ©e MY A4 M5E
e A= SHe s | AR =3d7| el 27 0]t
1 0 5 5 3 3
2 3 5 4 3 0
3 2 5 5 1 4
4 3 2 5 3 0
5 4 5 7 4 2
6 3 6 1 4 2
7 5 3 6 4 6
8 5 5 9 5 2
9 5 6 8 4 2
10 2 4 9 2 4
A 32 46 59 33 25
HOo+tHEFELR 3£0.5 5104 6+0.7 303 306

« ZEHol 1= o4 ME JiHT W2 B

tu
N
J
ol
22
ol

-5 -




I. 23971F 45 &1 8 A =230 97

7h AE

Z7)9) 38 MR

Zbto g H=A A}

=
=

™, °]

Ta

=0

ol o
=

W A7 WE

S 19

Ayl A F7g,

27 B ANA(F

4~7

ATt

S

HOBO Hl°|H ZAE A

=

A

4,

100ppm OTCZE 2¥¢ZtF <8-S HPs & APZFFZ(1.0%0.45%0.4m, 180L)o =
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2. AT, HiHkE Y S =9
7h M E

Syl AMAst= ATl Fols A/NTEl(Dryophytes japonica), 87371
T2 (Dryophytes suweonensis), =& 7 7-2l (Dryophytes flaviventris)7} . %
N7des FEuesE =233 5ok otel 28 A4star lew TUCN 24
HEo| least conern(LC) TH2=E A H A H(Kuzmin et al, 2017). ¥+H 3
M7 ek A gl FAdRNTFd s FEue AfFo2 A4A s 2
T AA, uFZFT YA TH 2 dAEE ds HIFTA7 A
(Borzee, 2018). WatA BAF NN = FARZNTFEHE B oA E 1
o2 AAYSeH IUCN A EZZ o) Endangered(EN) 5502 A A H ¢l
(MOE, 2012).

bl
o}
s A
| =]

o

97l 4 F shud FEste 9wl 9 St (outbreeding depression) =
1374 &3} (genetic assimilation)E T3 BFH 7] RN E AFES v[FH F
Tk ol T HAA BECl AAWA WUS Tl AEOFA G PLA
ZIAY SS9 Afdde T EFAE F 7] il AFAE AlelelA
ZEslo] gk BAHAHQ A7} th4o]th(Rieseberg and Carney, 1998; Levin,
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EREE UL S g

1) FYAATY 4% =

o

THNTE 4F =US st 447 E 627HA AT FY EE AR
A YE Fo FLANFIE BESI vk &HA s AGFFE(AAA,
SFT), FHEECHIA, FAEZEFTA), A71=@YA) AY9olx FdF
NTE 2 FAEE MAES TISFATHIE. M-2-(1)).

Z3 YRS ST FE AAske doln AT sF AAA

= FA9Y =55 Aoy HEA &£548E We NAE 2
N2t =LA/ E Borzee et al, (2013)0] wel FejH o=
723 F AT E FHHEE MAES =USAT
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agl -2-Q). ™7i7el 22 XY

AEo] £ WRel FUH AFL =9

ol

]_
71 AsiA HF FdES As) FAA 24 FHSAT (Borzee et al., 2020).
s

2 FE2e HAEFA PHoRE Hauss iTE ol 3004 183 =
2
=

+
o
>
By
)
S
o
>
Y
AL
T
by

il

FAAMNTE o] dEE 82135l7] ¢38] nuclear DNA(MuDNA) 9421 POMC,
o

J
o9 Ttz

SIAH, RAG1, C-MYCE 43} 3L mitochondrial 12S rDNA %
43tk nuDNAE ©] &3t STRUCTURE &4 A3, AAFe# 2% F
AFst= Q kel 0.995 o] dY AF T FoE FEIFOH I Qo= Fr

Fo2 sk
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azl 1-2-3). J|Fe| 28 FZATEMZ F5

Q) +UAATE HA A2 AT

b =LA T A Az

sl
o
o
=
é

ld
rlo
>

S ol 91213 30 x 30 x 30 cm Z7]9] 4FOF FE &
o] = FEl2 F H 2] 2(PT2600, Exo-terra, Hagen, Montreal, Canada)®ll
MAES A Hegs dite 5882 8015 AR 3H ol
o 4 A= sl S AHRV|E HAEAT. 1 ¢ Fiole RS 7t

I el ZIEIEE Yolgol oF 10 cm9] =012 SAE XASFATHH.
2-(). & ASFH T 22 AYAA £YG 4-57A TS AFSER T Hol
= Zad 3 AFHuE 5L F Ay Fosiglen, A W 2%

=

T 17~26T, 55~82%% AR oHIE. MI-2-(1)).

=, 4G WAL 98 ABFS P WAFS ASAT & WAFe
16:005-E  20:307hA]  9olA E& HolmElA T ©E & WA

12:00~2:00, 20:00~22:00 77FA] Hoja] A STk
(https://www.joshsfrogs.com/catalog/blog/2013/10/how-to-make-a-rain-chamber/ %+1l).
WAL 98] 2FAS AEL ARASAT BFE Ha 9F D JEAR

of ZREFAHTH. 1M-2-4, 5)).
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T -2-(1). T=EFNTE AR 2-5=(ET)

o 2 (1) =L (%)
43 24.0 68.4
54 21.6 64.1
6 257 64.8
78 24.9 81.7
8 24.3 81.4
o 24.4 63.1
10 23 554
k= 17.6 54.8

(3) Bk 9 S

o FFEALE 4—533}913} Huke S 4597 ARV E o1, 6~8€74 &S
ol Mashe Aoz dEA olF Fuste AAMEe nulg dF FRE
staLzl 4~10971HA A Z2AME B3l 4FS A=

el 2918 o SRFHEA, dE, #37] E AR R3E 5 24
2wl ZAdel E83str] st EdE vtdstaAl stk vible e 8
MAA BT v axAR] §8 9 A4S Fotstr] el AlFE W Hbked
AAX2A L 71, AT, F5, 42F T T8 FH Rl ug A5E FH
stk B3R 9 7]Ee 715 vbig o] 2dAH ] GPS ARE o] &3}

3}

o GIS #2412 5% F2 A4A &4 54, dA=A 5 &4 FIsA

JEL NI-2-(6). BlHlZ|W §E =H2E 2o HETAL
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SQPHe gREAU 22122 TS A P EQS o8 =
o Assigrh e A48E Ege 1BETH IAERL olgete] =
YASE stgnh Yo E2HS Fol/] A WRUANES WED EQ

T2 11-2-(7). dHi2|8 Z=lof ALZE ER(Zk O=ER, & HEMHER)

o A7 A 2 a
(1) =940 4dF =%

oh =8 A%

49 FAANTE AdF FERE A 2A A, SN TFEE FAEE A
AZ AE QA AE 104 Z8slFom, dFToAE 24AS 283
Rk FH FFAE 3/MA R ot A= URAIE 28 A 24

=
A3, FAANTFE AT G /AL, A AR T 13HAR EAEHAL
, &A ] SVL(Snout-vent lengths, &l FE F&E7kA1& Ao])S 25.8+2.1mn
H, FAL 2601£226mmE UERSEI, FFAE GHANA 148+042g0 %
eI AL 1.53+045g0 2 gl = QT

5ol A7 HEA g FUA, 5 SFA, FE oMM oA FAE &
gstgom, FAANTEZ FA=E= MAE HeYA oA 7704, FFolA 14
MA, ofgkoll A 571A|, FTolA 114AS EHsYGT. 1 5 L3 MTFY
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AFLe A 1A, A 24MA R F 357MAZR At LM FE o
Z 979 SVLE 26.97+1.52mm, A& 27.15£2.34mm= UERG T, I
AE 1.82+0.43g, A FAE 1.59+038g 02 bt}

1= T, oA 9 AT 01]/\1 ZAHE FYEA
ARt A 270 A SR akF Al
TaEEE ?_]5]9101’} E835HA X

S }é Fyst ot AN
NTe dFL 5 T3S
B

Al 1.75£0.18g2.2 U}

E N-2-Q2. =&i+e 85 37| &4 (Wa+tEzHA)
SVL (Snout-vent lengths) (mm) BW (Body weights) (g)
2 (2 £ A=) oF d = of Y el ~ =
= T = 0T
48 (gt =5 = =8) 25.8+2.1 26.01+2.26 1.48+0.42 1.53+0.45
59l (&t =11, = =24 26.97+1.52 2715234 1.82+0.43 1.59+0.38
6% (=2 - 27.99+0.02 - 27.99+0.02
(th A B
Z83 ANFEFY FAAE B4 Ay, ATE 4F 404, < 16

NA, FAARNTY LF 50/MA S FREAT

I 111I-2-3). STRUCTURE =42 st #7727 =8 21t

D STRUCTUR_E results using Results of Results of species
nuleqtlde DNA. - mitochondrial DNA identification
D. suweoenesis D. japonicus
ASMW0413 0.9%4 0.006 DS HY
ASMWO0517_01 0.997 0.003 DS DS
ASMWO517_02 0.997 0.003 DS DS
ASMWO517_03 0.9% 0.004 DS DS
ASMWOS17_04 0.997 0.003 DS DS
ASMWO0517_05 0.773 0.227 DS HY
ASMWO517_06 0.998 0.002 DS DS
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STRUCTURE results using

D . Results of Results of species
nuIeopde DNA. - mitochondrial DNA identification
D, suweoenesis D. japonicus
CJJNO518_01 0.997 0.003 DS DS
CJIN0518_02 0.998 0.002 DS DS
CJJNO518_03 0.997 0.003 DS DS
CJINO518_04 0.997 0.003 DS DS
CJINO518_05 0.996 0.004 DS DS
CJJINO518_06 0.997 0.003 DS DS
CJINO518_07 0.997 0.003 DS DS
CJJNO518_08 0.996 0.004 DS DS
CJINO518_09 0.997 0.003 DS DS
CJIN0518_10 0.997 0.003 DS DS
CJINO518_11 0.997 0.003 DS DS
CJINO518_12 0.997 0.003 DS DS
CJINO518_14 0.995 0.005 DS DS
CJJR0414_01 0.997 0.003 DS DS
CJJR0414 02 0.997 0.003 DS DS
CJJR0414 03 0.997 0.003 DS DS
ISSG0414_01 0.995 0.005 DS DS
ISSG0414_02 0.996 0.004 DS DS
ISSG0414_03 0.814 0.186 DS HY
ISSG0414_04 0.811 0.189 DS HY
ISSG0414_05 0.997 0.003 DS DS
ISSG0414_07 0.998 0.002 DS DS
ISSG0414 08 0.998 0.002 DS DS
ISSG0414_09 0.995 0.005 DS DS
ISSG0414_10 0.997 0.003 DS DS
ISSG0516_01 0.996 0.004 DS DS
ISSG0516_02 0.996 0.004 DS DS
ISSG0516_03 0.978 0.022 DS HY
ISSG0516_04 0.99 0.01 DS HY
ISSG0516_05 0.9%4 0.006 DS HY
ISSG0516_06 0.9% 0.004 DS DS
ISSG0516_07 0.982 0.018 DS HY
ISSG0516_08 0.995 0.005 DS DS
ISSG0516_09 0.991 0.009 DS HY
ISSG0516_10 0.996 0.004 DS DS
ISSG0516_11 0.995 0.005 DS DS
PTCN0518_01 0.995 0.005 DS DS
PTCN0518_02 0.997 0.003 DS DS
PTCNO0518_03 0.997 0.003 DS DS
PTCN0518 04 0.995 0.005 DS DS
PTCNO0518_06 0.996 0.004 DS DS
PTCNO0518_07 0.995 0.005 DS DS
PTCNO0518_08 0.9%4 0.006 DS HY
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D STRUCTURE results using Results of Results of species
nuleotide DNA___ mitochondrial DNA identification
D, suweoenesis D. japonicus
SWPLO1 0.949 0.051 DJ HY
SWPL02 0.201 0.799 DJ HY
SWPLO3 0.004 0.99% DJ DJ
SWPLO4 0.413 0.587 DJ HY
SWPL05 0.742 0.258 DJ HY
SWPL06 0.005 0.995 DJ DJ
SWPLO7 047 053 DJ HY
WJBD0412_01 0.997 0.003 DS DS
WJBD0412_02 0.997 0.003 DS DS
WJGC0516_01 0.003 0.997 DJ DJ
WJGC0516_02 0.004 0.99% DJ DJ
WJGC0516_03 0.995 0.005 DS DS
WJGC0516_04 0.997 0.003 DS DS
WJGC0516_05 0.998 0.002 DS DS
WJHY0518_01 0.997 0.003 DS DS
WJHY0518_02 0.997 0.003 DS DS
WJHY0518_03 0.993 0.007 DS HY
WJHY0518_04 0.997 0.003 DS DS
WJHY0518_05 0.995 0.005 DS DS
WJHY0518_06 0.997 0.003 DS DS
" DS = =AFIMTEl, 0J = Il AY = ug
Q) FLANTFY FH A=A AT

Mol opd AL Wel Al AgHE AR A
24 A5 &
Stk Aol Aol ARES B Mo, B
5 WA wel $4
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52l

N & rr

e A=
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FrUE

a7 11-2-8).

NEE T
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BE 52 A7 RAshs W o} £Ysul B ofeleol Utk £, A
e SYstnASE BAR GEBOIA HulelE AAAATEA o557
o A Mg, AFe] AR )] EEHOT ATE FAT 5 Ux Wkl
WA Basitn BuEdt. $F vl 23 4 AFE A4 AT
ST 5 9 Pk AN} wrge] B & QbW EEHQ Wk 29
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NATIONAL INSTITUTE OF ECOLOGY é NATIONAL UNIVERSITY OF MONGOLIA

MEMORANDUM OF UNDERSTANDING
BETWEEN NATIONAL INSTITUTE OF ECOLOGY
AND NATIONAL UNIVERSITY OF MONGOLIA

L his Memorandum of Understanding (hercinaficr referred 1o as “Mol”) is
Bt by and between National Instiute of Ecology thercinafier referred
toms “NIE, 33657) 1210, G cheon- gun,

do, Republic of i National Univessity of
reermad 1 2 "NUMT), s s (14201) kh Surguutiin Gudami-1, Ulasnbeatr,
Mongolia

NIE and NUM shall be collestively referred to as the “Parties” and individually as the
“Panty”

Purpose  The purpose of this Mo is 1o promote the biodiversity conservation and
rescarch transboundary savironmental issus in Noriheast Asia and stengthen the amity
betuween the Republic of Kores and Mongolia

Forms of Co-operation.  Within such fields as are mutually aceeptable for the Parties.
he following forms of co-operation, amongst others, may be pursed hereunder:

The costs of any aclivities or programs to be carricd out or done under the framework of
the Mol shall be sgrecd in consultetion with the Partics in n separate legally binding
agreement prior to commencement of the respective prograr.

~

Intellectual Properiy Rights Both paties will respoct cach other's infellcctual
wugerty. The treatment of all innovative produets (technology, processes, eic.) and

ubcatonsrauling from o pleraauton of thle Mol il e atessd n seput

Tegally on fair and.

collaborating Parties.

General Coardinatars,  Fach Pany
i it the et of a sgrecents rsing ot of (i MoL. Thaso e
are:

For Natonal Instiuts of Esology: For Naon! Uiy of Mgl
Rescarch Degt. source Dept.

Em\\ geotop@nie.re.kr E-mal: sdoljinGinumcdu.mn

Tel:+82 041 950 3670 Tel: +976 77307730+ 1113

Liability, Exceps for Joss or dumages cuused Urough gross negligence or intent, the
Partes shall have no lisbility t each other hereunder,

Lagal Relationshin. This Mol shall be construcd as a stsiement of purpose to
romote & genuine and mutually beneficial colluboration between the Parties. Nothing in
this Mol shall create uny legal relutionship between the Parties.

0. Term of Mol This Mol will be effcctive from the date of the last signakurs hercto:
and wil emaadn i oree For a time period of five (5) years,with a possibility for renewal ot

the end of the five-year-period, subject to the Parties® written agreement. Either Party may
- Exchange of researchers and scientifc expers erminite this Mol by giving six (6) months' notice in writing 10 the other Party,
- Joint research activities on transboundary environmental and biodiversity issues

including yellow dust and restoration of endangered species 11 Siguatures. In witness whereof, the Patties to this MoU through their duly
thori7zd representaiives have execued this Mol on the dates set out below, and certify
that they have read, understood, and agreed 10 the terms and conditions of this Mol us set
forth bercin

- Eatablishment of joint rescarch stations
Joint advocacy and education activities
- Knowledge cxchange and capacity building in ccological management snd
conservation
This Mo has boea drawn up in two (2) original copies in the English language, cach Party
receiving one duly signed copy hereo.

Specific Co-operation Profests.  Spesific co-operation projects, for instanee within
Sueh fields as deseribed in section 3 above, must be negotinted scparately between the
Parties and are in cach specific case to be established in scparate writicn forms, stiing the
respective righis and obligations of the Parties. In case of any ambiguity or conflict between
the terms and conditions of this Mol and those of a separate agreement as mentioned above,
the terms and conditions of such separate agreement shall prevail,

Signed on behalf of
Natione! Insttute of Ecology

Sl cn bl
wersty of Mongglia

Date: July 26, 2022

|
PGl | &

DoSeon Cho
Presider

|
a %,
1 %

Financial Arvangements & Provisions.  Both Parties understand that all financial
amngements between the Parties have to be further negotiated and mutually agreed, and
will depend on the availability of funds. Both Parties may seck financing of joint activities
from internal and external sources available (0 them,

] iy
Hingovsidre,
Nylionati s 4t Moogotia

I-3—(1). ZRMefjel-2==2lchstw 7t
() =9 HA-a438 AA
A2FTE Y ol TEoA 8FFHE WA - 3A AAs ol 2ok
- AAAYG 9 AAHLocal district office) 0.2 EE A H &7} <
Q&3] 7}

- BEdA3s]e)aMongolian National Chamber of Commerce and Industry)2] 4]

- 74 AF X (Ministry of Environment and Tourism)e] &

~ A1%(Custroms General Administration of Mongolia)o] 3 & 21&
- A X] ~/] 7t=34dE Ay

27

A 2 E A

bl

* WAAO9F): -

(ch W4 2%

AETY 2Ye 98 TN LTHE PA-YR AR oleeh 2ok

$od Ao 2397 oA E = H
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A APOIR17E. * 2R A== 315 o] T4l
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FHEEE S = R I AGAEE 0|
spanas | T 2 44
B MUY | =

S, - - EANM e Y
of 594017} 415 SEUESH | s

BAR $U7
HAER S U7}
T 11-3-Q). &872 tele fIeh HA- ™A it

Q) £2%F7E 4% g1 9 =4
2022'3 08¢ 11¢ ~ 20223 08€¥ 12¥71A] 3=<¢] Durnogobi Aimag¥} Omnogobi
Aimag 9 43204 7159 R4 S5 5% ATTEE SUSE FRlste] AF
Aoy AR JMAl= ZERgAlolX| o] Byt FEtistue] dPd=E olF
Fgom, HAAAS Frlehr] s dArH o= gRlshH Fof 59 F52 AAUT

EN-3-(1). 572 EX]

Hs | XA GPS =%
1 22km Westsouth of Mandalgovi, Durmogobi Aimag | 45°40'15.3“N 106°0008.2°E
2 | 10km North of Khuld, Durnogobi Aimag 45°18'00.81“N 105°37'02.66'E
3 | %km South of Tsogt-ovoo, Omnogobi Aimag 44°21'18.26"N 105°152649°E
4 | 23km Northeast of Dalanzadgad, Omnogobi Aimag | 43°21°12.72N 104°3942.2°E
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EN

3) = U &2%E A23H

20223 06€ 16¥ ~ 07€ 01¢, 08€ 11¥ ~ 08¢ 12¢, &+ Aol 24 5= U
Durnogobi Aimag, Omnogobi Aimag, Khovsgol Aimag, Bulgan Aimag F®e] &%
T8 AAA 632X 5, F5, 1A%, X, 715 TF 9 &% MATE
ZAFsHA T
E -3+, &FT2| MAlekd ZAK]
HS | XA GPS zti
1 22km Westsouth of Mandalgovi, Durnogobi Aimag | 45°40'15.3N 106°0008.2"E
2 10km North of Khuld, Durnogobi Aimag 45°18'09.81“N 105°37'02.66°'E
3 | %km South of Tsogt-ovoo, Omnogobi Aimag 44°21'18.26"N 105°1526.49°E
4 | 23km Northeast of Dalanzadgad, Omnogobi Aimag | 43°21°12.72“N 104°39'42.2°E
5 5km East of Ikh-Uul, Khévsgdl Aimag 49°27'32.6"N 101°3220.8"E
6 Orkhon, Bulgan Aimag 48°37'10.83"N 103°32'30.12"E
o A7 A% 9 1
(1) &2%F78 945 =4
TEAA AFE AFTE 20/MAE dPAFFAA HYH} FUFRE A
2022 8¢ 18Y A& ol X BEFAVISELAHE AFS Tl =
Zgit}, ofo] vt QloA 71 AIZE &<F Holglo] AL HHE HIES7
oo, o] gle MAISe] Aoy F23dFHeA AT s A
8C~27C, 53 F335=14:10(L:D), 250W & X 5=10A~15A1(30F )=
a3l oAl EE& FA FHAdo A% =9 AA A= A9 Foll AA
= Azspgoss 227 Aol e 4IPS A
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TEY AFTY AAEE ZAMAF| mEdH AFTEE TEY 2Uxd
(steppe)@} AR o] F2 A2EH, 15 1500m o]ahe] Axsa AT =
7 4 FAS Asste FeE AddEng. A3 2AEAdE AT
AWF2 S 55t AABAA FaAsrE 2 F Ao FIHHoE A%
UERH= Y T/ 955, Zold & EAITF 59 9 FA34
AR g AFE T3l AR E AAHst=d 2R3 V| xAEE &85}
I -ia=
E I-3-Q). 2572 AMAX| sHE-E

g | 25 | &5 | 7¢
N az =S Al )
m | O | B | &
22km Westsouth of
Mandalgovi, Dundgobi SN EIEIN - B 1445 | 27 20 |
Aimag
HEALLR-
10km North of Khuld, HEZ )
APt ) TE 1306 | 3t 20 2t
i Al 2 Kzt
Dundgobi Aimag eLEx( i, X2
9%m South of Tsogt-ovoo, 3~4mztA
, Sogt NI B 1180 | 28 | 24 | o
Omnogobi Aimag HEAM
3km Northeast of o
. o o HEAMO| o
Dalanzadgad, Omnogobi N HEIR R wo oe 1402 | 27 20 | ¢
Amag
5km East of Ikh-Uul, _ HzI22) ) 2,
o N S 1=] 1145 | 23 27
Knovsgdl Aimag PNFA &
_ 3 HEI=2H . =
Orkhon, Bulgan Aimag =X =t 1053 | 24 40
Rzt &
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FEAES A AEZLE Holg Ao Hg3h= 73ke] Aol W/ =79 AILE
Bt oY} AAEANE FEFS 7IAE AR dHA UTHOIlla et al. 1998).
olgfgt Ho] HZHo| A& ok FITMA F& FAFY MAY FA
£ 5% AF3] 8<5(Social Learning)& ©

2180l AR ZAZ A FTAY 22 RS ARSIl 244 ofF=E
q

ks

ofo
o
£
=
rx
o
kl
Y
oh
&2
&=
ot
i
&
ol
rlo

-7 -



h

(h

(h

(Zh

3z 2 121€7Y AFFA A&rkAE 1304 AE tde

2 A3 on, FH F£24.50 x 1.50 m) =4 27 sem =719 F+

o] Sem (PASE EY olmd & |83t ATH(2.30 x 049 m)=
A

B2 ol g3 EAASH oleubel £YS o

A 9 AdHFAGT &S 5] MY A 10:004]

2 ZE
AR 59k Holg o} AAE HAN VE AVAUE Ig
" goi %)

> 1>



(h s eExdsE ol gl
_ZI__

TEL V-2, ZAR 91 MG Sx(E BHE, $ EBST)

hH Ado] A" HIAFZ(1.00 x 045 m, 12 IV-1-2).)°] /HAEE
WF 3 o] % 3083t SHHAAFI EFES AFEHATH

(W Y-S AFst 158 F ZAAE 9S 3 4l 52
Z2AZHM A7) E BolFo] A Fxd e MASAA A5E&
FA+

(th =& 158 Ad 158 32 vy 27t Siphone SE2)E X9
2ol A 3087 FYstATh

Eh ZAA 2@ dFA s 9N AW ozRE e FH20em) S
AT og HAAsta, 1 o9 YL W FHow HAHIH
A

2 3 FHol YT MAFE N=d AFY

AFSA ALnpate] Aol A& 93 Aol FHE P th oJ&v}
ket A2 A g Holdo] Bl=g ok Fukak AAet FAE B A ShE
(Social Learning)& ©]&3te] FHo &S ASAAT €4 2 T Iy
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