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Comparative Analysis of Freshwater Fish Species in Civilian Control Zone in South Korea: A Comparison

between Direct Survey Results and Indirect Assessment via eDNA by Soon-Jae Eum*, Naeyoung Kim,
Min-A Seol and Ji Young Kim (National Institute Ecology, Seocheon 33657, Republic of Korea)

ABSTRACT South Korea is the only divided nation globally, marked by a military demarcation line
establishing demilitarized and civilian control zones, ensuring national security. Consequently, these
areas exhibit relatively minimal ecological disruption compared to other regions. However, the threat
to safety persists due to the presence of unexploded ordnances and landmines, imposing significant
constraints on ecological research. To address this, we conducted a comparative study utilizing eDNA
analysis as a supplementary and alternative approach within three points of the “Road of Peace” - Inje,
Yanggu, and Hwacheon courses, located within the civilian control zone. Direct surveys and indirect
eDNA sampling were carried out in May, July, and September of 2022. Genetic material obtained from
the samples underwent amplification, library preparation, MiSeq sequencing, and subsequent ASV
generation for indirect analysis. These results were then compared with the findings of direct surveys.
Our findings revealed the detection of eDNA for both observed species at the Yanggu-1 point, and
for two out of four species at Yanggu-2. Hwacheon-1 displayed the detection of eDNA for one out of
one observed species, whereas Hwacheon-2 yielded seven out of twelve, Hwacheon-3 showed four
out of six, and all one observed species at Hwacheon-4 exhibited eDNA detection. Consequently,
approximately 69% of the fish species identified through direct surveys were confirmed by indirect
eDNA analysis. It is necessary to verify if certain fish species, such as the continental trout and catfish,
have genetic information registered in the NCBI database. Additionally, it is believed that further
marker development research utilizing different genetic sequences is essential. Given the limitations
imposed by the hazardous nature of the surveyed civilian control zone, eDNA analysis proves to be a
suitable supplement for fish research in the area.
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3% B RAA Y AAEA Y AT AHEsH 2 A AP 5
3l Zh, B3 52 AP & e A4S TEeH, o]& B
9] Zolz} A5t QITH(MCST, 2022). ©] BH3}e] 42 374 Uyt
Ay T3 770 JAA Gl F 11749 kAo 2 o]Fo]A gl
AR ol AT 874 Alo] cCzol AEF Qlo, o] 2
N A& CCZAA Al&Fste], DMZ YHEZ S0)7h= Aot

DMZ ¥ CCZ B5F E°ll thgt Atz o} 2712 A A=A &
gk A E 9 Edehso] 3o AjEo] ¢17] wZe] 7k
o] £7o] A9l &2 ¢k A I 29] FEHE Ho|iL Y= F
Aloll (Lee et al., 2007) Abgo] 213 Y4edto] o] Foj2|= A2
At A ARLS] Qb Q1A B o W2 Algto] A-gHTt
2 AFoA= o]F Hestr] sl E7E 742 (Environmental
DNA, eDNA) A& A8314th eDNAE 359 HiAE,
3, W 9 9EAzA {5z DNAT 4¢l B, & 59
g ol|A F&3M= DNAS L3tk (Rees ef al., 2014). eDNA
7h uAE, AlE 9 AE5ES 2T FHYT f7IANA F
ettt AMEE o835, @A A5t A& sE=9 AETh
3 Ao g Jst = Sl 7EE AXTLE,
THo| oJHE FTL AF5te dl o] 85 o] Ft}(Pedersen et al.,
2015). ©]2% eDNAE 0|83t 3= £ B 2 e A
o 2 7}5A3L 7HRA 2 itk (Barnes er al., 2014)

SeEvEtelM e =W AGLHE vig7He 232 @ Jung
et al., 2022)0|t}, 3k o]F £ £ (Yoon et al., 2023), &
HAE A= Back er al., 2018)3} o] F2 HpollA ojw] §
2 A7 AW 9o, Foie gHiLrt finE s
@A 34, 559 Ad 5000097k A GALE WU 5
9] ATt (Pedersen et al., 2015)7} A= Qict of2d, v|= &2
Edjo] ghoflA ¥ 355 ZUEHHS ¢l ol&=71= P
(Andruszkiewicz et al., 2017), Y& ufo] ZF dlof A A3PH &

¢

Table 1. GPS coordinates of study site

Toll W29 A Fe2RE AH $EH oA eDNAE ©]
43 L ol £ e o
T A= =& ch(Yamamoto et al., 2016).
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1. Study site

2 A "El= CCzoll AAIskL s B3k 4 QA
A, kA aea sheA O B8R eAlA 20224 5
9,749,992 % 33 FP= It Al 9 FredoAE
Zzk 2ol ATE FPstlon, AdF o WL s
AoAe Z 570X AFE 38T (Table 1, Fig. 1). o
T, RIZRISAFS 9] B4 1T A olFst, o+ SAIsH
off AT FFE sto] A&HoR ALY B AR HHE T
ol A9 Ak

2. Direct survey

£ ATt APRA A7 S SES o ot ok
Ape] B4 502 So] BT Aol AHRAE Bkt
14} 5He Zlo] BAol7|o] MmEAE SIs) BRI HHRA
E3 Stk Fig. 2).

B4 W A 2 gIstel AR A ARAADY
ZAAIF (NIE, 2019)& @t S (4 x4 mm)S ARESHEAL, ot

GPS coordinate

No. Sample name Site River, Stream
Latitude Longitude
Inje-1 ) 38°19'32.78" 128°15'49.87"
. Inje course Hangang, Inbukchen
2 Inje-2 38°18"28.27" 128°15'52.43"
3 Yanggu-1 38°17'10.30" 128°1'59.18" )
Yanggu course Hangang, Suibchen

4 Yanggu-2 38°16'44.54" 128°1'30.00"
5 Hwacheon-1 38°15'33.71" 127°44"28.98"
6 Hwacheon-2 38°15'0.57" 127°47"7.23"
7 Hwacheon-3 Hwacheon course 38°15'44.71" 127°48'8.13" Hangang, Bukhangang
8 Hwacheon-4 38°16'10.44" 127°48'57.14"
9 Hwacheon-5 38°1423.97" 127°50'3.38"
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Fig. 1. The Map of fish species comparative study sites.
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Fig. 2. Flowchart of direct survey and indirect survey (eDNA) research.

AEA 5 @A AL R Q3] EYol Al - Ste=
s AHE of= @A T8 T FA URIIHLe
), 540] o2& A%, ARl Y F PRSI 224 5
o ot 249 AA = 10% ZE2EAN DAY A=
AP A o) 2utsto] 2 sFRTHNIE, 2023).

% 5L Kim (1997)% Kim and Park (2002), Kim et al.
(2005)°]] we} TAHL AX|EIAL, SHES ZIYEEZEE (NIBR,
2022)E otk

3. Indirect survey: eDNA sampling

CCZe FARS ZQdo] UZH 2 A)jtH o L, AH=A
S E3UR eDNA HF 3 Fo) A AR A2 =4 5 ko] &

HE Aol Aut g5 17tof| tia] A} 7hssith AlRE A
Fote 2GS vjnA hsitta e oA AA Ao
2 A2 A =E o8-8l At Qg Bt oF 15
m 23X} AZAEo] gl vty o HtE Y bag (50 X 75 cm)&
gol, & AIRE HHT ottt wAste] AR edT) vgE
ego R et FAEE A E Hadtelgich e 24 A
A kg $lofA ot kS R o sPstgon, 7t
A o2 & £ 2 SgoIA 134 F 33 E5 st o
£ dYUsHA A2 F 2L Al o2 FA FUTHNIE, 20224,
2023).

AER Qg @ FE Hadlet] 98 Y bagold E& WL
2 &4 92 1 Eves 29 A5 g% v =
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4. Indirect survey: eDNA analysis preprocessing

AAE AHL dEFE B8 & A2 2 eDNAE ZE |
WO, eDNA T2 Hasjslr] Yol Az m@sl= o]
ok ZE P2 A oA Y7g HA7IE AREs e,
) 600 mmHg, 2|4 400 mmHg ©]Ate] ZAA, GF/C ¥
H(1.2um)E 53 2HHE s8I (Lacoursiere-Roussel
etal.,2016). T8y & 2 W FAEEE ZHIL U=
e Hoto, HtE 20 mL f-2] Hho|&oll i3k, blue
silica gel (Duksan) ©]-83}o] AZXA|Zt}. 50 mL conical tube
of silica gel<x A¢ i 1 9ol BEH7F S017F $& 20 mL
tubeE FHo] TE7} silica geloll B4 @A 9 A= o=t2
£9°=2 conical tube Y5 YT} FAIZ silica gel S A8t

FES AASL, &3] Axd 7R G A @O B
W3}E T Hinlo et al., 2017; NIE, 2023).

5. Indirect survey: DNA extraction

A=xA1Z] GF/IC ZH | = 4522 DNeasy PowerWater
Kit (Qiagen, Hilden, Germany)S A3} &3t &5
-2 kito]] 585 o] &= Quick Start protocol S W2 %], E|of

Table 2. Information of nested PCR primer sets

ZYE Azt 22 whste] DNAS :&3h= S o Al
DtA =335t iet. arafsh= Ho P2 Axd IEE 2mL tube
2 g7)3, 24E 7912 Y 7 2715 oF 1 mm® 27|12
12} gh st 12} okl filteroll, DNeasy PowerWater kit2]
PW1 buffers I oBx]7} S&3] AMA=E I mLE ¥
2 5, 5 mm stainless steel beadS 27 @31, 56°Co| A 10E7t
7FE-& 33Tt o], TissueLyser (TissueLyser II, Qiagen, Cat.
No. 85300)E ©]&3}9 30 round/sZ 10E7F o5t 1
o]% 9] HAL kito] E3FE o] ¢lE Quick Start protocolE T
g RS FE5AL, FAR S5 Aol ARESHIATHINIE,
2023).

6. Indirect survey: DNA amplification

FHA FZL2 AccuPower Gold Multiplex PCR PreMix
(Bioneer)E A3}, MiFish-U primerE AR5} nested
PCRE £3589t (Miya et al., 2015). 22X PCR ZA A=
MiSeq2 $33517] Y8l 93 Zol9] adaptor sequenceS 7}
3}o] paired-end libraryS A|Z}381$ T} (Table 2), PCR 272
90°Cof| A 487} denaturation IH-2 4383 F, 90°CollA] 30x
<t denaturation, 60°Cl 4] 30Z7} annealing, 72°Col|A] 30x
59t synthesis T4 £ 35 cycle 533} AL, UFR| 9} synthesis
IYE 72°Col| A 427 AL 4°ColA F=SFATH(NIE,
2022a,2023). 13} PCR 273} 22} PCR 242 5Y5H 43
5}TH(Fig. 3).

Target organisms

(Region) Name Primer sequences
MiFish-U-F 5'-GTCGGTAAAACTCGTGCCAGC-3'
Fish MiFish-U-R 5'-CATAGTGGGGTATCTAATCCCAGTTTG-3'
(12S rRNA) NGS-MiFish-U-F 5'“TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGNNNNNNGTCGGTAAAACTCGTGCCAGC-3'
NGS-MiFish-U-R 5’-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGNNNNNNCATAGTGGGGTATCTAATCCCAGTTTG-3'
A . Genetic material eDNA B
() — . neterial | _, / ® .
filtering extraction ! '
v i :
S - : Denatyration ]
NGS Making Paired end 1¥PCR ——— Elongation
Analysis library 90°C | 90°C i
v 5 4min | s N\ JoT0C i omec
ASV \ 5 “ Amealing / 30min | 4min
: PR | e : :
Creation ' : %
J | 30sec | \
Blastn | 35 cycles i 4°C

Fig. 3. PCR method (A) schematic diagram of eDNA research, (B) schematic diagram of optimal PCR condition.
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7. Indirect survey: library analysis

A2 library= Macrogen AFS E3l MiSeqe 43353
MiSeqe £ ¢2 row datal= DADA? pipeline2 E3] ASV
(Amplicon Sequence Variant)S AJAJstaL, £40) 8314t
ASVE Ao R 160 bp, FHFOZ 160 bpA Fa} F7ko)
Az SHEE e a2ste] B8 (Fig. 4). 97148
B3 T B4 E F7IAE] 99% ol EX|FHE B F
o zH AFestaL, @71 Fo] FREA g A= FAREF

Forward
\4
3 g ¥
160 bp
Reverse
A4
3 5
160 bp
‘F orward Reverse
A :
) o
154~195bp
1 Read :
5° 3
154~195bp

Fig. 4. ASV read creation from NGS analysis results.

Table 3. The fish species comparison data on ‘Road of Peace’ Inje course

=0l disiM= 2ol A A <fstt.

2

1. 0|2 eDNA Z&

SeuEt CCzoll YAIgt Bske] 24 Q1A o, 3= 378
204 BHGAAE F 1,886,463 read’t AEEJ I1F &
98} o] read= & 9032500]93th. 1 ¢ u]AE I chimeric
DNA 8|3 Zf5, 257, PAF, AMFHFsE9] 2%
2 FAEE §HA7 983,213 read7t HEEH AT

o= 37) 2ol eDNAE 53l & 29% (137} 24452 &}
atglon, e g HEVME B8 JHRA AT I 17%

(102} 16%5)3} v TH(Fig. 5).

2. g3 Z UMM L St o/

AA-1 AL F 33] BT eDNA 45 9J3F 2ol &
gH5loH, QA2 XHY MEFHE F 23] +YEHUL AH
AR AL EAIE E7FsHAT A1 ARl = |4
3], Aulat], d8o], 7] 4% FAAE dEEHNeH,
OlA-2 AA-ANA= 72| (Rhynchocypris kumgangensis),
HETA] (R. semotilus), ZZAY (Zacco koreanus), EE0]
(Brachymystax lenok tsinlingensis) 452 FAA7F A& At

Species Direct survey* Indirect survey (eDNA) Accession numb?r
Inje-1 Inje-2 Inje-1 Inje-2 of target species

Cypriniformes % o] &
Cyprinidae % ©]3}

Rhynchocypris kumgangensis 273 2 o o NC_019614!

Rhynchocypris semotilus ¥-E714] ¢} NC_029341>

Zacco koreanus A Y e} ON479181
Balitoridae %7113}

Lefua costata 1) F2] o NC_029385
Salmoniformes ¢ o] &
Salmonidae € o3}

Brachymystax lenok tsinlingensis 85} o o JQ675732
Perciformes 50| %
Channidae 715X 2}

Channa argus 7}& A o MG751766

Number of species observed N/A N/A 4 4

Number of species shared (percentage)** N/A N/A

*Not surveyed due to safety concerns

**Number of species shared/number of species observed: Countermeasure rate by indirect/direct survey

"Yun et al., 2012, *Yu et al., 2015.
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Fig. 5. Fish species of seventeen confirmed from direct survey. A: Rhynchocypris oxycephalus, B: Coreoleuciscus splendidus, C: Pungtungia her-
zi, D: Microphysogobio yaluensis, E: Hemibarbus longirostris, F: Zacco koreanus, G: Zacco platypus, H: Orthrias nudus, 1: lksookimia koreen-
sis, J: Koreocobitis rotundicaudata, K: Silurus microdorsalis, L: Liobagrus andersoni, M: Cottus koreanus, N: Brachymystax lenok tsinlingensis,

O: Coreoperca herzi, P: Odontobutis platycephala, Q: Rhinogobius brunneus.
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Table 4. The fish species comparison data on ‘Road of Peace’ Yanggu course

Indirect survey

Specics Direct survey (2020) Direct survey (2022) (eDNA, 2022) rz;&li:r(r:]%s:rioor;
Yanggu-1 Yanggu-2* Yanggu-1 Yanggu-2  Yanggu-1  Yanggu-2 target species
Cypriniformes % o] &
Cyprinidae % o]}
Rhynchocypris oxycephalus WX ¢} ¢) NC_018818'
Zacco koreanus ZZAY o ¢} ON479181
Zacco platypus 3 2] o ON479185
Balitoridae % 7]}
Orthrias nudus 527 o
Orthrias toni 7)) e} o} EU670809
Lefua costata &) F2] o NC_029385
Salmoniformes €10} &
Salmonidae €0]3}
Brachymystax lenok tsinlingensis G50} o o o o JQ675732
Scorpaeniformes &1 o] &
Cottidae 5713}
Cottus koreanus =7 e} e} e} o NC_014849>
Number of species observed 1 N/A 2 4 4 6
Number of species shared (percentage)** N/A N/A 2 (100%) 2(50%) 2(50%) 2(33%)

*Survey was not conducted

**Number of species shared/ number of species observed: Countermeasure rate by indirect/direct survey

Imoto et al., 2013, 2HW.amg etal.,2013a

ook, A 2AE AP A] Fa AP 2k} AN v 2 g
4 g th(Table 3).

w

A U 5H R Y

g3l 2 2

ALY AR s F-1 AL 23T 2AMEGCH,
Y 2AL B AL ARE QAT -2 AL Z Y 2 A0t
eDNA A3 2% 33 YA oz =gatglct. FFx|FA 2
AL M 2AHEDNA) 7tol] FY3t A0S Hols A2 &
T-1 A AT F -2 (A BE B0, B2l (Cottus koreanus)
2ot} o]¢] AP A= A2lo] FIE G 2L, eDNAC
A AEEA e HEE2 HEX|(R. oxycephalus), I HZ7
(Orthrias nudus) 2301t F-1 A- A= FH2AY, F7
(0. toni)7} eDNAOARE HEEo] F 4F0] HEFHon,
T2 A= FEAY, "2 (Z. platypus), S, BT
(Lefua costata)7} AZEE 0| & 650] HETEJTHTable 4).

aZ

4. lo| 2 SR M U 13 OfR AL
e BAIR FAIE] & 2810] AH 2t S YE )
53 9 Sh4o] B9 157 24V S
I HRRAIA S5 155 BREGoH, of

2 eDNAJA = HEE ATt ©]¢], eDNAOJA 15F0] &
250l % 16%0] AZHUT BA-2 AHIHE AY2Ae}
eDNA 7F 3502 RALH & -r]ﬂ (Coreoleuciscus splendi-
dus), E117] (Pungtungia herzi) 5 % 7522, Fulz} (Hemi-
barbus longirostris), &5, 7&-%7]1 (Tksookimia koreensis),
u]3-7] (Silurus microdorsalis), 57}2] (Liobagrus anderson)QJ
$RAZE AR eopch v v elel A AR AR
E-27 (Lepomis macrochirus)3} B2~ (Micropterus salmozdes)
% 3%0] 7712 DNAE B3} A2 3 A Mol
SR (Microphysogobio yaluensis)E A3t 5% & eDNA
7} AEEen, 48 5 57 o] 712 A&H g}x% -4
A A 2=gat AFRAALE JFZAY 120 B2E
T zA M= FEAUE Z33 1354 eDNA7} %HC’*
th, 5004 AR ZAF A] TEE o8 glgloL), 1229
0]59] eDNA7} AZE| T (Table 5).

5. ZIMZAI2t eDNAS E5 ZHEZAL H|

Sefuket cCz W 97 Aol HHZALS eDNAS 3t 7
AZAE vl@et A3, AHEAE o159 oF 69%= cDNAZ
SAAE 7H 247 AH5R AL BAT 4 AT A



231

JO I_qunu
UOISSAY

TELSLOOL o o B Sisuaduijuisy youaj xviscudyon.g
1 lo i depluouifes
Slop sPuLIOjIUOW RS
01678710 DN o o o o o e} o 25 snuvaoy snio)
=l epmod
15 |o fu St sowIojIUARdI00G
6S€02€0 DN o o lals& wostapuv snispqory
{242 sepmdpiquy
g [S6SO68MIN o |2 |l s308D Snunpig
o e} e} |£4 | sipsiopo.sonu snanjig
1= |£ |ln depLOLIS
&£l sowaogLINIg
¥080L9NH o e |n SmwpnvoynsuD snumssyy
,SSL8T0 DN o o o 21 |nE iy iopnpoipunjo. s131qo202.103
@) ) W2 s1suaatoy vruyoosyy
{22 |n EPBIqOD
68¢6C0 ON o a1 |nf vivisod vnfoy
8080L9NH o o o o 2l snpnu soragpiO
{=lle deprroeg
o799LT0 DN o ¢} ¢} o o h kB mpoutunuar 00007
I816LYNO ¢} ¢} o o ] ¢} o ¢} h B snuva.oy 0oovz
S8I6LYNO o) ) o ) |nda = snd€vpd 02007
@) 22 smpsrys uosodoypuny
¥8LL0O0 DN o o o o o Lo R srusonduoy snqivquuagy
S91LT0 DN o o o o {x{nE stsuanivd o1gososSydoopy
9916LYNO o o o o o o o | & 1240y D1SumSung
81,620 ON o lo& 2R @ smpiou snapoyy
<CILETO ON o LR Z oaomsipuvd snyjpusojiayoy
+SOLETO DN o <+ vipautidpul vIDjo2IUD] SNYIDUSONIIYIY
8SCIT0dV ¢} ¢} o ¢} [} o o o e & snprpuajds snos1onajoaio)
17€620 DN o ¢} ¢} 2Bl smpowas stdCooyoudyy
719610 DN o o o o T LB sisuaduvumny s1dooyoudyy
1= lo fo PBpPIUIIdAD)
£ lo fo sPwIOpUIIdAD
1£€60SOHIN o lo & Poruodl vyjnsuy
{z o depHIINSUY
5 lo &k SPuLIOHIN3UY
soads o8y SOH  $DOH  €DH C-OH [-DH ¢-OH ¥-OH €-OH C-OH [-DH ¢OH ¥DOH ¢DH <¢DH I-DH

saroadg

(220T “YNQ9) KoAIns 10911puy

(2207) KoaIns 10211

(0207) KoaIns 102117

(uoayoBMH :DH) 9SIN0 UOIYIBME] 3983 JO PeOY, U0 Blep uostedwod saroads ysy oy, *G ajqol



axg
232 G - ZUY - ot . 0] H7] ¢ T T sANA
FE|ojoF o= HEol BA g % 5t
= L HE - o= 59 EARE AT 4 AT H
.y 5 sg &8 & 4 g ol o 5 o) & 2500l A2 Ak
13 e = K SR il -
R IER o e e
SEB z S X = S 5 le 6). °|F =< - _ A
<2g 5§ 85 &2 ¢ A Elo] E]%*E}(T?be ; X :/\}&— melo 2y 880 7k
o o o] X+ eDNAS 53t ﬁﬂ_* ™ 2o et FAHel o
5 ° . stol, s sh AAe] AAlshn gl o
’ _ g-go] 7153}t
) - g = 7 2348 907 3 Aol Lol 75
N o ° -z R
S O ]
S E N
< S| =
é o o © °|F8 = i z
N4 @) n 2
&I S
z sl = Aol 9
3 Sg < ZAel= Bl 4 A £ 37 A
3 8 o o o © E 3 e CCZ ) A5k 3 g 53 I RAE 95
s T g =1 =1 s }\1 ;(]7‘(3}_/\}-9—]- eDNAE &3 1F i
| s Z 2§t sH- A 2] . o] Q8lel FRojE ELslL, AF
el S = -
. e = sk} A A=AE 29 5l o A
‘:]' (] = ZA O]‘ ]ﬂ‘—
2 : A2 A3 £AZ 23 St st due A
R A9 A EA| il 5t Q2= AT} 0|2 E3} eDNA &
sof 3 A ZEE 93 A At ol
" 2 RH=| 9Ll eDN = L AFRo|A BHEL] ol
g K b 7Rs st A1 Aol AR n
g = A9t 7Hs3H Az, ZAR G AFee] ZE)
- = & & 7HeAY AR dEE s = 235t 3 vy 2 )
Y =1 < sho]l whah Bl Yol A 71EXE AHet &
g% < 7} EAgol| uhet 2 AZEYS TsHo] = Aoz
S s 2 A AL HdEet EENE 7Hs 5 ZEg)
<o o ™ > 9]’ =1 T P 0]@?_]_’ T'___LT
> | en o o x *. _ © o] EXA} -,—7""01] o
5 | y olzjet Al cczel 544
5| 8 g Tttt S o QITH(NIE, 2022a).
b5 S o 7F got HAsh= A7t M_ 7 =2 fuUge $4
£« o =8 = o AZE st EZ N AFREE Huf
NE ’ N WPl F AHE i cDNAS] 44 AHZAE B 29
~ ] = AR=N = Az =e TTete =]
_ g o =250 _ET Uﬁlj_x g 4= QIth(He et al., 2022). 3], ¥+
= =2 A= Zpo] o] AT 4= 9] “ w5975t cDNAS
& 7 14 ShEFAE AR2Al A = B
|r A daen gk, 2e 49 A Ae
" “Zzlces B RPN E HE o HolA SYHEL TA <
g £ 2 =9ic}. o] AN AR ARAH BEIOH = S AR
< |8 = o L = ol;(]ﬂl- NC o e
3 A AT eSS g o B4 3t 312
AR 53 S H o2 HEshe AT 544 &3l a2
S < |23 oEAE IR SATHRR A, E U] S
E‘ - R _; %ﬂ _9-%;(6]% /KO]'EHE ‘o_XHO]'C}&E _O 0E O]J:_ A}%—_@_i _1}1_0]— /\‘]
5|2 =g M 7 Fol &3 3 bp2] Aol E Hol= 4 sLol ol
z Ep 7ot EA 3 A7) MAA 2 Zpold
N . w %‘ 28 A7+ U 5 0@ A|zko] zubd =
5| u ° ER | & A o2 YzhetJang er al., 2017).
= 23 7Fsdol she Aem Aze 5 o
<| 232 °° SALEAL AFAES] okAA SH 7| oL s
= Tzl 8o} A st As A7AE olth. A=A AL ulg7]
= Z ©2 ARAgo] Bt Aol s Aok o
to ) st ot 3k w7140 17 o] AEEIT &
85 o] F71 G} 98% Ez: :no] ;1]7]9} 097 271 2l W
5| 23 Futetell A4k w714 i?uq F2 vl471d 7ML
g% . 02), 3 S
g g E": 2+ o (Kim and Park, 2096(7) 2 ‘:0]- Aol EgHSHR] 9k
Ta ¥ w3 £ * woU, dAF0] 98~96% 2 R 2AE = o
, 7 5= #3 TE% 33 o SHAIE, ASH 02 HEEL Sl w72 FAEs 1T11
3 S F g RN o] Aui Bl e . AZ O ~
§ X g 2 S® § 8 2 é £3 o3 G71 Dol AHE cytosineo] AL OZ 9
Sl 7 wRiEiizisclC §|s7 9 14287 97]44 0 SAElo] S vl19l 1k
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Table 6. The countermeasure rate between direct survey and indirect survey

Number of observed value

Rate of
Yanggu-1 Yanggu-2 Hwacheon-1 Hwacheon-2 Hwacheon-3 Hwacheon-4 Hwacheon-5 Total countermeasure
Direct survey 2 4 1 12 6 1 0 26 25% (18/71)
Indirect survey 4 6 16 10 10 13 12 71 69% (18/26)
Number of shared 2 2 1 7 5 1 0 18

i

QF7F FE8| HAY Mol =k v
o], b A EHE o] &3 vhA T A7 2o Ao R A7
Hoh. E3 3 9 B3P shdel| 23] HE A=
S7H7E HAE U AL 4 read7h Eel
HAoH, A2 29 52 2EsE = AT 4709 749
read7} ERIE|]o] AR} L Folu}, FAXTL FZEH LAET &
74 7FsE vl gure Ao g wotEoh WErHA = 2y
grol| Agk A A8kar gls FHEE If-FolH, SR XY 2F
7] SPIER H3Hw gl= Y TS (NIE, 2022b) S48 5
o Al&7}F BE3to], NCBI| SAE o] = 718 4 A
L5 A2 FAEA ] o]RHE 7HsA0] UE A=
AZrEh 3], FYAEALE 7SS 550l A=
1) ke BETH 100% YATHE 23S B710] (Xu er
al., 2014) METZ(R. lagowskii)7} HEZIXZ 2 F5AH Ae)
2 NCBI®| 3= o] TAg 2 7Y 740l vl &rhar ot
Huok E3, SYURolM = HEMN (R. steindachneri)®t HE
2 7ke] F B5F 2A7F 710 HE7Hg} HEA, HETE
o] it Whole genome sequencing & 57H4%1 A7} HIEA]
Z2a% Ao g Aztdnt

B3kl 2 A=A, 270 A, e 1] A, SR S
7N Aol Bl 20209 68 HAYE A 23 A3 A-H HE
Ao, Aol @ollA A 2ANE 35133l eDNAO]
3t A= A oot A AFete] Aut Hlwe ARAL
9t 753k

FrieAE 20208 AL FA S5 159 S SHTHNIE,
2022a). & AFolAE 17 AHES o 2AKSEY 2 H2AMA =
HEA], 87N, EFol7t 7z Sdstgon, I EAL
olx= 471E Bt ol FAAY, getn), I, Zujdte] 5 6
9] eDNA7} 2718 02 ZRI% }{th(Table 4). o]23t Ait=
ZAA -G E 2AL B1520] F7EE QIR Il Aew woE

ot

I~

i
™
i)
>
i
=

P 9] 792020 A3 ZAbol| A SERIEGE S5 A],
ZAY (Z. temminckii)©] AAo] 2022 ) EQlE]x] gkt vk
H, 20209 9ll= ERI=A] g3 EvkAL, Fubat, gzta] 5 8%
9] 77t F7HH o2 AAlo] ERIE G AHEEE 3HH-39
A FARA, A9, ZAY § 3F, 3Hd-40A 3713, 42, 2

AY, ul47] 5 459 o771 20229 FFRAIAE E1E
A ¢Sk, 3HH-20 4 FukR}, FAAY F 5%, 33004 =
upz}, ez, gjetn] F 632 71 A4lo] ERIE| (). 20204
A AtellAe o 139 2AFE QL] o) o]t Rpol7t Hol=
Ao g2 A=, 20221 A2lo] ERIER]| ¢k oF F IF
£ eDNA7} A= o] Z} o]FEo] ARE AAAE &1 Ao
2 339 293 -1 9 -5 A ollA 33 A%
AL Aibs A Aol 5Us 2THE B o IR RANA =
747} 15%, 12%0] o = o] I RAA ERlE ol FE0]
ZF A9 Aol AL g 7hsAdo] & AR wod
T} (Table 5).

2 AolA AHEAR} THH2RARE vnd £ e AAY
dlole & AlQfstar e s Sld F 5
£ v, AP RALE B3 ERIE F 3. eDNAE o]83t 7t
HAZAPNAE S01E ALL 69%= =t} HHHo eDNAS &
g 2P RALA ERIE Fo] AP RAMA WAHE 9= 25%
of Exsirt. 7|2 XPH 27 25, AH, G5 IR, A
7 BERoA JPH 7]1E A AFollM R A &1
H ZFo] eDNAE 33 TP 2At N = BAE = 58%0]H,
eDNAE F3fl ER1E Fo] AHRA A YZH HE&2 30% 2,
UUHA 0 2 eDNAE T8 AFollA] o B2 Fo] HEH vt 9l
th(Kim et al., 2020). 0|23t A= JARARE F35t= A
AL Aol AR E ZAR 7R AZRAR} o] R0 X]= eDNAS
B IPRAL 2] Apol7h 7Y 2 AR Holn, 7HE AR
Aol A 2 o] EA] = FE0] eDNAE F3 RAMA R
AEE o YAl ooz Heltt,

Hhd, 21 Aol whet, o] ol et eDNAE 53t
ArAT Aakel 2 2 AL 7] AX7L ol A AL eDNA &
=718 A 24 8§10l (Zhu ez al., 2023) o]H Aol =
eDNA 4 237t AP 2AL A7 A7) 69%5 Besh= 0]
7Fe3tAeE, A 2AL A7} eDNA 2AF 23to] 45 Fo)7]
A= AT ofFoll tieh A AL} o]of] BH= sediment
eDNA A8 5 thofet A9 WS F &34 "rhd 2g2Ato|
gt eDNAS] HEWZ7 o Fojd AR oAdct.
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o OF
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SEvEs A AlAA fde Ra=TtE FARRALS 7}
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