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Abstract

Freshwater fishes and amphibian -reptile taxa are widely regarded as highly
threatened groups worldwide, and ongoing population declines and habitat degradation
have posed substantial risks to ecosystem functioning and biodiversity conservation.
This study aimed to quantify distributional and habitat characteristics of endangered
freshwater fishes and amphibian -reptile taxa by integrating molecular ecological
approaches, including environmental DNA (eDNA), with habitat suitability analyses,
and to propose restoration and conservation strategies on a data-driven basis. An
integrated research framework was implemented encompassing diagnosis of degradation
drivers, artificial propagation and population reinforcement, diet and food-web analyses,
exploration of potential habitats, assessment of interactions between nuisance wildlife
and fishes, and development of field-operational management tools (habitat

management cards and a digital field logbook system).

(Micrgphysogobio  rapiduis) Diet composition was characterized using 185 rRNA
metabarcoding, revealing prominent contributions of diatoms (Bacillariophyta) and green
algae (Chlorophyta). These results indicate that persistence of this species’ habitat
depends not only on hydrological and physical conditions but also on the productivity
of periphyton-based food resources and the stability of benthic communities.
Accordingly, restoration and management should jointly consider substrate structure,
flow and depth regimes, water quality, and the maintenance and recovery of

food-resource bases (periphyton and benthic prey resources).

(Pseudobagrus brevicarpus) A habitat degradation assessment was conducted to
diagnose major drivers of population decline and deterioration in habitat quality.
Multiple pressures were identified, including habitat simplification caused by river
engineering and dredging, reduced longitudinal connectivity due to transverse instream
structures, and compounded effects of water-quality degradation and other disturbance
sources. These findings support the need to design and apply restoration measures as
integrated intervention packages—combining connectivity restoration, enhancement of
substrate and refuge heterogeneity, and pollutant-load reduction—rather than as single,

isolated prescriptions.

(Sibynophis  chinensis) GlS-based spatial analyses identified key habitat determinants
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such as slope and distance to hydrological networks, and indicated a tendency for
habitat associations with geomorphic and hydrological conditions linked to relatively
humid environments. In addition, ecological analyses were expanded to the trophic
context by examining habitat environments and prey-resource (food-web) composition
of a principal prey species (Hebius vibakar)). This predator - prey linkage provides
baseline evidence that effective conservation of S chinensis should extend beyond the
focal species’ occurrence environment to an ecosystem-based management perspective

that incorporates prey distribution and habitat requirements.

(Dryoplytes suweonensis) Ecological niche/species distribution modeling incorporating
climatic variables, land-cover characteristics, and anthropogenic disturbance indicators
revealed spatial patterns of relatively high or sustained habitat suitability within the
core distribution region in Gyeonggi-do and Chungcheongnam-do. A predictive
foundation was further established to evaluate potential future changes in habitat
suitability under climate-change scenarios. These results suggest that conservation and
restoration strategies should prioritize not only the identification of new suitable sites
but also the maintenance of habitat quality within core areas, mitigation of landscape
fragmentation, and management of disturbance drivers such as land-use change and

infrastructure expansion.

(Mauremys reevesiiy Habitat suitability was analyzed using presence - absence data to
derive empirical, data-driven evidence for habitat determinants. The results indicate that
topographic factors —particularly slope and elevation—are likely to function as major
explanatory variables, implying that spatial distribution may be structurally constrained
by geomorphic conditions. By quantifying current suitability patterns, this study
established a scientific baseline to support future predictive analyses under
climate-change scenarios, and presented data-driven conservation strategies including
identification of priority management areas, screening of candidate alternative habitats,

and prioritization of field surveys and monitoring efforts.

(Pelophylax chosenicus) Post-release monitoring was conducted continuously to reinforce
populations, during which overwintering individuals were confirmed and the
occurrence of F1 individuals likely originating from released stock was documented.
This constitutes key evidence of restoration success, extending beyond survival to
reproduction and generational turnover in situ. The maintenance of a monthly

monitoring scheme also provided an operational basis for long-term tracking of



population dynamics and habitat use following release.

(Nuisance wildlife - endangered freshwater fish) The relationship between a nuisance
waterbird (Ardea anered) and freshwater fishes was evaluated using eDNA-based
analyses of feeding tendencies. Results indicated that A. cinerea was more likely to
utilize common fish species in river sections with high prey availability rather than
selectively targeting specific endangered taxa. This finding demonstrates that potential
impacts of nuisance wildlife cannot be reduced to “targeted predation on protected
species” alone, but may vary with prey availability and community structure.
Therefore, management should adopt an ecosystem-based approach that complements
nuisance wildlife responses with measures enhancing habitat structural complexity
(refugia provision), stabilizing prey-resource structure, and maintaining fish community

resilience.

(Habitat management cards) Habitat management cards were developed as
standardized, field-applicable tools that translate species-specific habitat requirements
into operational assessment items and provide consistent decision criteria across survey,
evaluation, intervention, and monitoring stages. The cards include microhabitat
elements, major threat factors, inspection indicators, and management recommendations,
thereby supporting standardized field recording, prioritization of management actions,
and linkage to restoration design and site selection for releases. Integration with a
digital field logbook enabled systematic accumulation of field data and facilitated

repeated-survey comparisons and feedback-based adaptive management.

This study integratively conducted (1) diagnosis of decline drivers and management
factors through degradation assessments ([seudobagrus brevicarpus), (2) enhancement of
biological evidence for habitat-quality evaluation and restoration design via
metabarcoding-based diet and food-web analyses (Microphysogobio rapidus, Sibynoplis
chinensis- Hebius  vibakari linkage), (3) quantification of habitat determinants and
establishment of predictive foundations through species distribution modeling and
presence - absence habitat suitability analyses (Dryopfytes suweonensis, Mauremys reevesii),
(4) empirical demonstration of restoration outcomes through long-term post-release
monitoring and confirmation of reproduction and generational turnover (FPelgpylax
chosenicus), and (5) identification of an impact structure driven more by prey
availability than species targeting through eDNA-based evaluation of nuisance wildlife

teeding tendencies (Ardea dnered). In addition, by standardizing species-specific
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management items through habitat management cards and establishing a digital field
data workflow for accumulation, comparison, and feedback, the study provides a
foundation for moving restoration programs beyond one-time interventions toward

evidence-based decision-making and adaptive management.

Keywords: environmental DNA; habitat restoration; climate-change projection; nuisance

wildlife management; propagation technology
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PO,-P PO,-P PC F S | Z2fH= 72| ¥ FofH= F2le| 7 Hig (%
TP B0l :iC—NO”C TR 23 HH LS (%)
Chl. a Chl. a P_Sens oLEBHE (%)
SO Shate = P_Tore WM EHE (%)
P_Exo 2 EHE (%) PL_Divers | ClF=X| %=
P_Eph stE A0 =(H|2)

(@ BEN7] FFOIF D FARFF BY AT
Oh 24 A& AL 2L AA B

D RAFA AFFH B 4

2) FHuE AT F 2F 48 Ve AT

- Genotyping-by-sequencing(GBS)< 5ol = H 3k AN 7+
3F(rdAd/NTE, =®wiAZNTE,  AJRgEl)e]l Single  Nucleotide
Polymorphisms (SNPs)e] &HZo|A HA 2F9 F A¥Ho] 7153 SNPs&
23g 1 {F-dF(loci) AA



- A" TR FAHES HFOE SNPs HA¢ AdHsE AFS R
A7IMEE 27 200bp ©]% EE3H= sequence alignment matrix 24
Ay 248 93 AAIZF PCR (real-time PCR) Zlolw %3 A o

ANZF PCR SZ#3], Applied BiosystemsTM QuantStudio™ 5

2

altham, MA, USA)< ©|&3ste F1 ¥ 29}

Wg 53

(Thermo Fisher Scientific,
Ze 202 HAAZE PCR F32
- AMTFEF AR 437H% /¢S & Principal Coordinates Analysis (PCoA)
2 STRUCTURE #3113 £4 43

.ll-H

# 2. #HTPEF SN 2AHS 918 AAIZHPCR $2Y =N

Reagent Amount
GoTag® Probe gPCR Master Mix
(Promega, Madison, WI, USA) s
Genomic DNA 1 ul
Forward primer 1yl
Reverse primer 1yl
Hydrolysis probe—-FAM 0.5 ul
Hydrolysis probe-HEX 0.5 ul
CXR Reference Dye, 30uM 0.1 ul
PCR-grade water 0.9 ul
Total 10 pl
* 3 HFElR 7Y 2Me flst AAlZE PCR =
Step Temperature Time No. cycles
Hot-start activation 95°C 2 min 1
Denaturation 95°C 15's 40
Annealing 60°C 1 min

3 S TR FE 24 MAE 9T A BA
- A5

cBE TES FHCE, FYANTE 9F A, AT 4F 3/A,
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AN 2 AT E 2F A At eE 4

-

AR AL B 71Ed F 4ol ¢RH MAEE AHE(Yoo et al

- micro-CT &3 HHi

* QuantumGX microCT imaging system<= &3l %
voxel size®} field of view (FOV)&= ZHZF 90 um, 45 mm x 45 mm=

1
dPon, as)d=E 2A 42F%t 108 mm A= 57

12
o
[
D
ol
o
N
do
ol
>

rr

s FME SALS 50 um voxel size, 25 mm x 25 mm<e| FOV, standard
scan modeS ©]&3la] 2E%Z9F 55 mme] A oA =A

- Landmark 24

* Paluh et al. (2020) =&< %

0] &3} landmark AHE A A

1
K

3] tpsDig2 ver. 231 AXEd A&

a2l 4, F70Z landmark X & (Paluh et al. 2020)

- Principal component analysis (PCA) &4

- FEH HolHe AdE FaAYL Fa W F2

Morpho] AZE¢|o]E o] &ata] &4

_‘ (
[-'O
ol
-
N
do
:?1:4"



(W AR &4 54 et 8 7|5 E) o5 AT
D 2437078 AEd 29 22 /s 3 AR e gk 24
- FEAMTY =4 HolE 3
* Global Biodiversity Information Facility (GBIF) : 2237 &3 =4

=¥ : “Dryophytes suweonensis” <+ “Hyla suweonensis” 7| EE
AH838te]  Google scholarollA AME  =wollA &HI 315719
=3 AA

« d@A ZAH(20~'23) : 55709 EE A A

AT A" 2 AYsd §E4s Faste 7S Hy
7N(@BT VI, 94 Hd/HAE Ve, A s
S| wlr], B, 9 5), AE

FAANTHE F2 =4 AMAsez, =2 Hgo] 0% Z2Fs=
AL 2dAHe=E 23
c FEBAEAE Fol7] #sl HA 2km Hoj AHS FHEAHOE
AAst] F 144719 S3ARAAE YA
25 =89ARAH 5km ol e AYE Fi, ¢
ol ATE Fo] F 1,000712] do nvEd A
- A A9 2l
* MaxEnt % RandomForest(RF) E@3} o] F =mds A Y&
HdlS o] &35t 30m L= 3§ q

* S5 (training) 3 7 F(test) A=
103 ®HEJE o] HIAEREL
A ==
=

o
HAFL 090 oA & =

* Youden's IndexE AF&3le] HA UAGES AASAL, o] o2 o=

_10_



* Generalized Additive Model (GAM)<= ©| &3 Fi& o9&
dependence plot)= AH&3t ZF &4 W7l U7
A= & A143

2) Aol A4 & E4 B 7|FEsE QI3 njgje] AAA HiE o=

- HF 7] oA E 5 FAol(Mauremys reevesi)= 37 3T S <]
st AgAo FHASHA EE:siFou, AAA gHsie) 2,
APFFHF2AAE ) 7 F 8 Fo= Qs MATe] ALKHo=E
Zradka e (Park et al., 2023). E3] HZ 7|ZWEE <3 7 374
Halol A2 AH Aot T ARFY AES A¥SE T

- FAolel FHAQ EHI} BHS JAAE GEs Fol EAEE
AL oy}, Fo] AR AU AED F e X'HY FAHF
2ol & st Aol HeA ]l 53 =3d(Presence) HEHTIOE =
A2z AEEE FFH7LE 9ol o=z, AA v EIH(Absence)
HARE Z 33 o] gH(Binary) tlol 8 & 3o 24 H] Al

A 2] A|(Micro-habitat) Q7+ ZAS AFHO=Z otsof $HGuisan and
Thuiller, 2005).

- oo B dAFdA = v e e E B dF XA 2y
=3 4 HE3 HolEHE Jvte g tadd EBA 2ugS £35te] Al
MARA AA JIAE =50, ol EUE 7|$HE Ay &3t

g AR W oS5 HshE FAE mpdstaA g

- AEA A7 (Presence/Absence): 20201 3~2025'd F3d gvtel A=
92 JAAZ ZAKNIE, 2020, 2021, 2022; Park et al., 2023; Cheon,
2025)5 Bl HAolel AAZE " =3 AXMM=423, FE =FA
HY WellA AL &S FdstH oy dAol7l FRlHA e vEd
A =47 &8

« 37 WM< (Environmental Variables): @Aole] €Y P& L olF

gl
oHﬂ

5

_11_



et (Park, 2025), 4 A3 sS4 W4 500m w3 (Buffer)

3 W 1 =(DEM), 7 A=(Slope), &(Aspect)

*OE Hg AR FEF EXYERE A7FESstd =48] 9(Urban),
73 A(Agri), 4Fd(Forest), ZA|(Grass), < A(Wetland), uX](Bare),

o(Water)e] H2& vl &(%)<= 2H=3F

124°30.0" 126°0.0' 127°30.0" 129°0.0' 130°30.0"

124°30.0" 126°0.0’ 127°30.0" 129°0.0’ 130°30.0"

L FElLte M= Hdo] 22 X

A WY

« 9wzl A8 =¥ (GLM; Generalized Linear ModeD): 313}
HEd0)S T5HTE 3t EX Y IARAS T8k, 2 874
W7 dAolo] A2 gEo nx= dae] ek (Positive/Negative) 2
EAA 4SS AZ=3HMcCullagh and Nelder, 1989)

- WY EXY2E (Random Forest): ¥4 2+ EFg sz
HXAPA S A5ty Y 7AstE 2dS #8319 tHBreiman, 2001).

_12_



=
=

W $ 9 T (Variable Importance)

w}

o &
1 3o

Al

X4 7)

3

5

ol &

& Hbs FA(Response

R

=
)

819

L

iy
1

ol

Curve)

FAE 22 (PCA; Principal Component Analysis): 4121 =] U]

i

o

i

it

[——y
o

(Environmental fit)-&

PCIA1F4 )3 PC2(A1 254 &)

A A (Permutation Test), 3+74

A zk(Loading) <

Z
ay

==3

A AL

A

(th

20259 44 7E 647HA

B

il

o2 sirtel(Ardea cinerea) 2] A] ol A

T AREE =g 4F 296

} HD)

g
=

2%

I HY),
she] 4F 20 (©]

5]

= Ag 40-8 (]

il
I SO, st

S

2 9

oo]:

ol

=
H

ofr

e
Ho

(o]

)
e

1_|
—_
o

M.

0
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O 6. ot HAX 2 MEY ZEE) 2 2 st M G- ()

- el DNA =2 QlAamp PowerFecal Pro DNA Kit (QIAGEN, Hilden,
Germany)E c°]&3styomn, 3stxs= AP Soil DNA MM (APbio,
Namyangju, Republic of Korea)& o]&3std 2z} 71Eol A XAV HAAS=
Aol oAstY F=3

- 1 PCR &314F-8-2 Platinum SuperFi II DNA Polymerase (Thermo Fisher
Scientific, Waltham, MA, USA)E o|&3low, AquaAmy® Fish META
Universal PCR Kit I (Aquagentech, Busan, Republic of Korea)E o] 83}
A5g 3% HrE ZF23g PCR %72 ProFlex PCR System (Thermo
Fisher Scientific)= AF-83}o 98° C 30% ©]% 98° C 10, 58° C 20x9]
Aol ZF 2 303 HHE-s}h

- 2z} PCR =Z%$ NGS #olB# g AZ-& Herculase II Fusion DNA
Polymerase®} Nextera XT Index Kit V2 (llumina, SanDiego, CA, USA)E
ARESle]  Indexg FEeldow, HF 4HES AMPure XP  magnetic
beads(Beckman, Brea, CA, USA)E ©]&3te] 0.8X HIE-AE HEZ
Abolz AEld S FastH on, AAlE DNAE 30 b2 &=

- olB 3] FE+ Quant-iT PicoGreen dsDNA Assay Kit (Thermo Fisher
Scientific, Eugene, OR, USAE ©o]&3% 3¥§3F Microplate Reader

_14_



(SynergyTM HI, BioTek® Instruments, Winooski, VT, USA), Z7] EZ+=
A&7 7] 952 *](Qsepl00 Bio-Fragment Analyzer, BiOptic Inc., New
Taipei City, Taiwan)E A3t QC HIAEE 33

MiSeq i100 Series 25M Reagent Kit (300 cycles)(llumina)E o]-& 3}
A B 71 A DEAINGS) = T3

A g7 E Holg+= fastp v0.23.1 (Chen et al., 2018)= ©]&3}<]
MID, PCR 2Zg}olw 9 ofHE AdS AT - AAT F FHd AT &
USEARCH (Edgar, 2010) 71¥te] 33} HAE A &35t A2 E AL
Ho](Amplicon Sequence Variants, ASVs)E ==3%+

ANgEH AJFEA Zol(Sequencing depth)7} EA]o] FE3a=] FFelslr] el
PAST 4.14(Hammer et al., 2001 4] rarefaction curveZS #Ad st

ASVe] B F/3A FAHL NCBI GenBank do]EH|o] 2~(2025d 94 17¢
712)e F=xsted BLAST AAMEs 3% ZA3js  HEO=E,
3 Al(Superkingdom)F-E] #(Species) +=7HA] A5 EF/FE HA%

5% o]&kQl ASV&

©

o] < query coverage’} 90% o]stolAHAY FAET}
AMASHL, 5L ToE AEH= ASVE stU=E BAE
Hol FAo e HE3s] 7] fs] =(Phylum), 7H(Class), =(Order)
FFo Hold FAL vwdtr] Y, Deagle et al.(2019)¢] A|<ksk Aty
Zl= 3FHE(Relative Read Abundance, RRA, %)} =3 H=(Frequency
of Occurrence, FOO, %) %t o|&3te F8 WHo] g&o F=& o
18 Z(pie chart)E 2+ g

o] F F8 Yooz o]&FHE =x7|o]J7HClass ActinopterygilsE +

AAE F HolES 7|HFO. 2 PAST 4145 o] &3l #3F9o & THE ¥
552 WYgst= &u gk S (Alpha-diversity) A2 A-&3F

Zt Ag¥ £ dHolElE Hellinger #H3ES E3
o= (Beta-diversity) 4o Alg3RoH, = =
Bray-Curtis A= &S A4, Al Jd B Hol #3 F
Aol & Brrekr] s BIAFA gakd AEROMDS) 5 UHE &
PRIMER 7.0.21(Clarke and Gorley, 2015)ll 4] <=3+

Z FFAA BH FOO% stxd4 FOO 7+ dAdAAS H7shr] Y8l

_15_



Pearson A3#A4=(r) 2 Spearman <= ABAG(p)S A4S

- B9V 4@ kR, dEAEZe e, ZXFA, oF2uizbel] T s
T A Y FOOE 4F&3 &, AElAd & Ivlev’ s electivity index
2 Strauss’ linear index® 3 7}3H(Strauss, 1979)

2) BDNAZS o] &3 FAAMFE FAAAA &=
- A7 3Fx
+ 20231 d~20253 SEo FLAMTFE] AR LW A2o] FRIEA A
R oA F3te 2L 5 3

c & 137 AHAA A5 Aw Gr

4 +AHIN TR BARHA BAMS 8 M4 xH

HS T G x| THEMNTE MY RF
1 2023.05.17. a5 g4 A7 T
2 2023.05.19. 55 53A Mdz T
3 2023.05.18. S'E OohthAl Folod F A2 T
4 2023.05.18. 2 ofthAl Feold ti™E(1) T
5 2023.05.18. 2 oAl ¥eold HEE|(2) T
6 2025.05.21. S MET T
/ 2025.05.22. S ¥ T
8 2025.05.16. 5 oA stH o2 N
9 2024.05.22. 52 T S AMH N
10 2024.05.22 S GTA N
11 2024.05.22 e OtLHA| ZE| T
12 2024.05.23. 47| HxEA stdH ais
13 2024.05.22. 2 otthA] MFHE] T
=" =9 Hol=  HlgEAA s FHE ==
2 ¥ (contamination)& ¥A57] H3 XolHdIUEF 10%= &7]E
AFstdon, o XoldiRUEF AAE s &Y di¢R
=2 AH. == "EoAewd 2 L gHste] JAGH=
APHE b
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* =R ==8 GF/F F¥od| 47 400mLE oHstlen, F=&
DNeasy Soil Kit (QIAGEN, =)o Z3 = o] &= SDI 1,050uls 9,
24 m A7 ZH<IH 2 T<5(OMNI International, Kennesaw GA,

nl =) 370 & 23l bead ruptor elite(OMNI International, V]=)& ©]-&3
Y 34 o] HFE2 AAe] vl YAs F=

3 eDNAE -20°CollA =233

e

=
- A AIZE PCR 3
* QuantStudio6(Thermofisher, =) AHE o]&sted FHAAHMNFE
ABFHAA A RE WEe= AAZE PCR 43
AANTE 2 cytochrome b DNAES S5Z317] 913 PCR #E
GoTaq® Probe qPCR 7| E(Promega, V]=)& ©|&3t] 3 DNA 2 yl,
A Zoolw, At zoolw ZZF 1 M, TEH
reference dye 0.2 pg¥ B35/ 53 uLE &9
* AAZF PCR SEFH-S2 HZE 95CAA 383 27 g ¥Hs ol %,
HAAAAG L BToA 302 H A-AAHS C b2
HtEgl o 3dbE 23] A A7 PCR SZAHEL melt curve® 21

Steps Temp. (C) Time Cycles
Pre—-denature 95 3 min
Denature 95 30 sec

. , 55 cycles
Annealing 59 1 min

3) =782 PIT tag A<d, A & =YY 43}
- 243 AR ST W 4 T 30070A FIPEALE S 7 AT
73}
- FAFARA AE3LE T a2 FFAH 4
«24d HARA (120 mm x 212 mm, 01g, A2 AZ ¢ 29cm), 25

F7F FANA GEB.0 mm x 1.25 mm, 0.1g IR, A21AE 2 20cm)
T uE FAFAHAA Addstd AA A7 Fed o] v,
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M H A EEX|(PIT tag)

Z0o| 12mm, 3 2.12mm, 24l 0.1g

ozl 7. 2772l PIT telemetrys S8t 2L EE
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wK
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=
-

St
3]
5]

—

25
d AR

S
=

1

A

=4
=

B A" A

X}
A

-

A71F9 A 3d (21~249)F =9

=

* 5A4F, YJEHE (Koo et al, 2021), HAF Thet
= O

- G5 R M4A Bt

_ﬂyl

KH

X
B

r

N

o

1

°©
yal

o

* FAF

ﬁo
)

N

stel 24

G

Foll e} 47

T
T

st
g A A R AR FH
OAE op 7t

1

°
yal

]_

s

S

AL

* AT ol
- FAF AAA EE T
H 49 (20~24'3)

1} Google AppSheetES 47|
- AppSheet

o0

<
<

M4

7ol

o

o
0f0
__o__=._

lHo
K0

b

Ol of&tnt C|X|[=Hof
o AAA B

=
S

*

=

715

o

st AR @

G

2
- 19 -

j
242 A AR Re

1

°
yal

@ Bel7ts A4

=

F2A, AT A5 GRE WY

3
* E&(DJI mavic pro)= &&

« AR ol )

- 5ol F AAH Bl 7



: & CIXIE opg cllolEf 218 CIX|™ oFZ HlolE 7|5
MAM 88 ZA HE AAX Y OFE 7IE EALHSI ER 3D EY (ATEE) —

EUEREE

U A7 &
(D EF917] g7 2 AR5/ A& B
b FE 71 A" I
D A ol upeb
- Metabarcoding &8 EWHEAS 53 ZoFAF Hold 9
2) vt dl A A 2 Az 54 AT
- MAT &

2y
A 28 A Ao E E AR L A 37

SAFMFFE =D /A AR A B dHoly =3

s EFEEo] B 185 rRNA WElutEY B4 8 53 wold wo}
k=
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=
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<
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=

2 A W3} o

Fomlee] A

2) FAo] A

- SEuE AT gl

o8] 53

574 £4(GLM, Random forest, PCA 5)< T3l A=A
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3f

Fal, eDNA 7|¥F A %(FOO, RRA)E &
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3. A+ 2%
7h, @7 A% 4 1@
(D EFH7] g7 2 s+ d<E B2
Oh ¥ 712 A dF
D EiFAF ol vjef
- BEHEA Ax mgFale] F HolYe xF(algae)E el

AA AHETF = =L¢F@acllariophyta)7} 74.8%E A A SR, HZ2F

(Chlorophyta)& 18.3% = &Hel=]o] ¢F 93.1%7} ¥4 2{H=E ‘JrE‘r

- 7leF S8 % ERotifer), AAFE(Arthropoda), 23 EE(Annelida) 5]
1.1~1.5% =}A]

- 8 FTO=Z= Melosira varians (2, 35.7%), Cymbella excise (&%,

7.5%), Sellaphora sp. 1 (2%, 7.0%), Hafniomonas montana (52%, 4.0%),

Sellaphora sp. 2 (545, 3.8%) <2 & Yehd

- ol EAF A s AMAAe FAHA ARAE HIEE WY
THe(RAELR A% o))
Annelida, 1.11 etc., 2.90

Arthropoda, 1386

ROtifera’ 150 —

Chlorop

a7 9 ZefFAL Hol M= MA HE(n=9)
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100% 7 wm
80% -
" Hc
60% 1 " Anreida
n
Arthropoda
40% A .
Rotifera
20% A '(]wloropl"yta
® Badlariophyta
O% 7 T T T T T T T T
1 2 3 4 5 6 7 8 9

a7 10, ZeiFAL VMY Hold=E 74 HIE(n=9)

2) vinulE M)A L )z AT
- AT BE A3 9 72 Y A

c Efe V1€ i 28 RS FACE e, A ANA 73
gebs 98l sy, EX9E T wEt FEske] AR A" e F
33A oI, yF-axt ERY 271700 ek 63 A %5, 6, 7, 9, 10, 119)

CHFEAE o] 87 ZAMA EESY] veR Iw BAlbkEM X3 T 5%
B74A19) sR7E EAE. EFlA 7P gol A" FOoRE dEFdEert
24NA WAHRATL, T o g HARAL A, 5 UIA, S78A 104
o2 FRIGE HETHY] oKINE I+ BlukEieY] A9 EfS FE 404

wAY
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- 8 T} BRI ST A B Alnn, AR Do) B 5%l 24 A 57
AR 7Kg Egkor] 11 TR0 68 7l 2% B3 71e At SRl
7ol AWAES] ) o] 250] FFHOE ofFoial= Allo] WE Zvk Ut

colgol H@A FF AT Zasts mgol BT 4AA),
Fdo] Solzke 119 AAF/E b e 3AAE el

C oW S Aew} 7ol FASIHUA 2@ AN Aashe 4TS 19
e 7]2old BEL Folx, WAL ok s]2o] T e 22 Hol LAl
MAGTE WA ekt Blo= peg

©9-108 S JHAISTE Al SRR BEES FUHe SHIsK] A% Holds,
O

O

X

SHA olF T TFO| we Y AR aIAY, 799 2L A
213}
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s AR G e B PP T e FEE RO e B BRI PLE G e L

14 400.00
12 350.00
10 300.00

250.00
8

200.00
6

150.00
4 100.00
2 50.00
0 0.00

189 28 38 28 58 6% 78 8% o¥ 2 11¥

= O A em—E] 22 (mm)

- 2E AW AR B4 2 53 s}
pZs

upEk 2 AR AAA B SHE el Sl Ex0l8, 4k, A3,
Eok 5 Tk 33 vlofElE Buslsly, olF eizE % e P 5

TS X AHE 33, AAE, AME R BAE, A 9 /\]7}5} Ao
= .
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! NO TREE T
1 + x| E 1 2 (DEM)
2 AALE USCS X2 712
3 N
x| & EX T EXE NES X2 7
4 EXjoE2s _
H 5 z82 712
5 BT =Ex2XEH X2 72
6 AN = HEAMME X2 28
7 CE225eH He|
23 8 SAHZEE Azl
N 9 NEEECEIPE SR X HE XE IR
=
7l 10 ENREEE
11 NPT SEN S
Eb ok Snll-A-1}
£z
ke

a2l 15 slulelg MAl 24 S8 metg fld TEE IUHBAE

AE 3 S AY § W, SIEY 5 DA A we

AHAN MR AAS FASAT, 1 F 4ol A Hluele] ZHT
FAAH Fo BATE §3¥e 49T 2AR Ushiow, Ade FE
Feto] UIRE-S X ES, AFEe] GH EAo njg} ZAAHO] Ege

3}
sRBE 9 HHERZ 748 Aos BNy

_28_



Anel Y@ BAHS 3
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fo

I 6. A XEY dlH2[Y i EREF0| &

Land use Land cover(%)

cpeoiEe urban cropland forest grassland barrenland water shannon richness
Sibynophis  m 0.68 48.02 227 7.42 2.62 18.55
chinensis  sd +0.44 +36.33 +34.97 +6.38 +2.51 +29.83 0.77 S
Hebius m 2.95 47.58 27.67 13.58 2.53 5.68
vibakari sd +5.62 +32.30 +29.73 +14.91 +3.38 +17.30 0.74 4.53
Species Distance(m) elevation slope aspect
road stream coast
Sibynophis m 649.71 4882.1 3105.01 97.13 2.3 152.72
chinensis  sd +645.65 +4,182.15  +3,900.94 +137.13 +2.06 +107.76
Hebius m 533.45 3577.22 4617.29 176.44 3.07 181.99
vibakari sd +656.19 +4254.93 +3398.65 +180.95 +2.99 +78.85

a2l o16. vlHiZ|Y ER MR XH

0
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HE 7. =AM XEY diBt2|W, i SRE=50] &8 2 #HE #Hy
, Hebius Sibynophis Land use Land Cover(%) distance
site vibakari chinensis urban cropland forest grassland barrenland  water  shannon  richness road stream coast 2ol slele | expoel
1 0 0 1.3 67.3 1.5 10.0 3.0 16.8 1.02 6 392.86 751.34 412.88 3.64 1.17 288.67
2 1 1 1.3 67.3 1.5 10.0 3.0 16.8 1.02 6 145.35 1,006.66 156.00 7.59 1.96 324.18
3 0 0 15 91.1 29 2.1 0.9 1.5 0.44 6 37.98 403.48 677.93 9.31 0.80 276.11
4 1 0 30.7 0.8 379 30.0 0.6 0.0 1.16 5 115.71 6,522.03 6,112.62 85.40 1.33 242.19
5 1 1 0.3 89.0 1.0 0.6 75 1.6 0.46 6 304.38 3,114.80 514.32 9.41 0.48 208.50
6 0 0 0.0 19.6 76.4 4.0 0.0 0.0 0.65 3 88.62 61.62 5,468.33 | 40154 470 159.91
7 0 0 0.0 2.8 87.2 10.0 0.0 0.0 0.45 3 1,093.89 18.83 7,483.81 407.49 5.03 146.85
8 1 0 5.6 416 277 25.1 0.0 0.0 1.23 4 68.62 157.16 5,171.31 282.22 2.84 164.05
9 1 0 0.7 54.8 15.7 275 14 0.0 1.07 5 33.10 1,041.80 8,140.57 | 232.53 9.75 70.89
10 0 0 1.3 63.2 20.1 1.5 39 0.0 0.21 5 2.25 649.81 5,392.25 116.42 0.58 137.02
11 1 0 1.0 775 78 9.0 4.7 0.0 0.43 5 112.03 8,526.74 3,264.75 71.89 0.74 180.61
12 1 0 47 58.6 30.8 5.9 0.0 0.0 0.99 4 688.88 8,646.41 4,810.24 72.84 0.83 244.97
13 0 0 24 72.1 6.4 45 14.6 0.0 0.76 5 267.71 0.00 1,847.03 24.38 0.75 268.58
14 0 1 0.7 41.1 38.9 19.3 0.0 0.0 0.90 4 1,987.60 5,105.05 8,106.69 182.70 5.40 89.78
15 0 0 0.0 26.3 472 26.6 0.0 0.0 0.70 3 345.74 1,144.43 1202956 | 265.86 3.01 184.43
16 1 1 1.1 34 0.0 8.8 2.8 83.9 0.85 5 74.03 13,850.79 110.73 449 0.63 3.83
17 0 0 7.1 87.6 0.0 53 0.0 0.0 1.10 3 43.16 231.81 2,375.10 131.30 4.26 182.36
18 1 0 1.0 17.1 24.4 57.2 0.3 0.0 1.03 5 290.55 544.44 5,830.14 | 464.58 7.53 175.74
19 1 1 0.0 87.2 0.4 1.0 24 9.0 0.74 5 658.82 3,019.97 647.74 10.08 0.50 218.87
20 0 0 0.0 217 776 0.7 0.0 0.0 0.77 3 1,595.53 1,359.32 11,065.07 | 603.35 6.70 93.92
21 1 0 24 795 14.9 32 0.0 0.0 0.67 4 387.38 3,870.28 1,059.66 79.38 12.34 275.21
22 0 0 4.1 5.0 52.3 28.2 10.4 0.0 0.81 5 1,931.62 195.55 744778 | 55467  4.86 217.50
23 0 0 49 86.1 0.0 2.0 49 2.1 0.88 5 0.00 9,648.52 234.50 5.04 1.94 208.92
24 1 0 8.2 26.4 35 58.9 29 0.0 0.66 5 77.68 1,189.32 9,472.30 | 48247 5.02 307.12
25 1 1 0.7 0.1 94.4 4.8 0.0 0.0 0.65 4 728.08 3,195.35 9,004.59 | 368.49 484 71.15
26 0 0 1.0 775 7.8 9.0 4.7 0.0 0.66 5 877.88 8,649.85 3,636.69 75.39 0.35 204.09
27 0 0 53 10.6 13.1 17.9 3.0 50.1 0.92 6 1,698.08 14,625.20 677.93 11.02 1.08 30.61
10_1 1 0 1.3 63.2 20.1 115 39 0.0 0.38 5 7.56 617.93 5,426.46 116.61 0.74 191.45
10_2 0 0 1.3 63.2 20.1 1.5 39 0.0 0.32 5 35.75 657.86 5,300.90 115.31 0.57 106.69
121 1 0 0.0 54 93.9 0.7 0.0 0.0 0.46 3 2,070.60 9,209.06 5,109.42 77.07 1.80 205.65
13_1 1 0 0.0 87.7 6.1 0.7 0.0 55 0.72 4 234.89 52.57 1,854.33 24.38 0.75 268.58
9 1 0 0 0.7 54.8 15.7 275 14 0.0 1.07 5 23.30 1,012.86 8,133.09 | 211.72 4.86 89.47
92 0 0 0.7 54.8 15.7 275 1.4 0.0 1.05 5 26.75 614.38 8,117.88 | 239.77 5.58 267.25
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alElEe 2 o E @ %] Holgl el

CullE B ojEREEe] wWoldl AL S B A xawE A

Az A Txl @n sedag AzsEp] S %T?M% Ol
Adzele w8 eSSk, T A% wkele) A Als 3H@A),
HEREEe] A AR BIWBAA)ES FHINES 2_@% AEE CdE
99%7F B 25ml SUZHFHCl| HEste] HAkskolE

culuhE e A% 4o EWUARE #Rsgou, o F UIAE
J

ZHog Fuste % A U TWART FuF 439
ANRE EF dold B AS AAE Solyol Aol HEa
ko = = Hole tEstr]ol EAH FolAol
ol APPL Fray] e 27 ARE Fn %

cwetA, B AFolA = Hintg e Holdom dHI HEFEERCIE
Aoz Hold EF4& FIdste g FY Hold TS ot
BEA9H S 185 rRNA WENIEY 248 433

A x4}

cgHE B ARES NGS 4 Z, o
X 3131

185 HWElRlZY AFE9]

3 kel AR i s A3she Hd 469,000709] 2l=F
graigon, IdnHon uFAR RHFHE 71FA 80~-90% ©l4E
A Holde B 93.7%2 Q3 Hl &S 7[EE. ol B AT dolHI})
AERRTH  FAd Hg FEIS Holy 4 w2 FEES
ZEEAwol Ao R YFH
8 MEY AAN M5 2 cfed X E 20
Total ASV Candidate Taxonom
Sr?é?npele bases QO/%O C%EO No No.of No No.of Shannon S}i/mpson_1
(bp) . reads . reads H -D

AV2401 68,063683 974 942 28 219,602 7 54,116 1.03 0.62

AV2402 50,935,751 977 943 60 81,235 4 40 1.39 0.75

AV2403 47983822 97.3 936 102 151,438 6 741 0.84 0.53

AV2404 65,771989 975 941 142 102,454 7 866 1.22 0.67

AV2405 84,535489 971 93.3 151 249,150 6 60,831 0.86 0.54

AV2406 77,157,328 970 93.1 45 212,660 3 104,664 0.72 0.50

AV2407 56,869,006 976 94.1 154 163,369 9 48,186 0.65 0.34

AV2408 74,360,325 975 938 137 126,956 6 4,085 1.19 0.68

AV2409 67513077 973 936 128 201,267 6 16,351 1.34 0.69

AV2410 85661222 972 936 145 111,881 7 55,945 1.10 0.63

AV2411 85,194,142 97.0 93.1 151 209,087 10 88,559 1.01 0.57

AV2501 72451743 973 939 18 232,060 2 91,373 0.69 0.49

AV2502 78,809,881 971 932 136 177,522 7 90,249 0.72 0.50
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c AE ZF LA vlaelA AV24027F 7HE &2 A 4(Shannon 1.39,
Simpson 0.75)& XolHW F FTHES FdAo] M A dEhd
HHi = AV24072 7Hd @2 A5 (Shannon 0.65, Simpson 0.34)%

A Ve AE BoFda, ®A 1370 F 1070
AMELE T FFY O¥Ad  H9(Shannon 070 -1.30, Simpson
050 - 0.70)°l HFHo, HAwHo=E FAZ T+ FE7F FAHEH
* 137} A& ASV(amplicon sequence variant) 7|8k 343} 3 of A

=de]  °F 100,000 - 200,000 reads FZolA A

FEe HAu(Fig. 2). ole AlEA oyt FEsH, &
tefdel diFdes s 743 AP HAYSEHA

g

rr to

>

] o

52 2L M 2
0 ol 4z
o 3 ok fr

o
O
o,

3,000 -

AV2411

AV2408

AV2410 AV2502
AV2407 AV2409

AV2404 AV2405

— AV2403

AV2402 AV2406
= - AV240hv2s01
50,000 100,000 150,000 200,000 250.000
No. Reads

7 ZHYE 18S rRNA NGS 24 7|Hte =2 ot SR =0l 28 MEo Of
A =

SV E2E Zhe| A
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Metric MDS

Resemblance: S17 Bray-Curtis similarity
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A B/ 20.0%, AFE 15.0% T)= FT=E YEWYOH, FF =9
Aol 7t AuFe =L FE HNEE UEFIEFoI w@=d
AxHY FFRE A= Ao] o}, 53 A4S ATsteE AHA
40 ot 5 EdolY IFF(leaf litter) olHE HAFHOE
gAlstn Hols AHAstal e A

gF AFdAE host DNAE A= ZgoWE HEsAY
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Ortéer

- Sguamata - 84 95%
Smuna 0%
Crossics

Class

- Lepidoaauria - 64.85%
Fhylum

Pelychiaata - 6.20%
m— Chordats - 84.95% - rsocta 342%
Aanelida - B76% Arnchnida - 2.87%
_— Asthropoda - 6 28% - Clitellats - 2.56%
Malacostraca - 0.00% i
Wambiddnemes - 0.00%
_— Amphipoda - 0.00%
Ortier_Freq
- quamal ta - 32.50%
Crassichtefata - 20 00N
Class_Freq = pranens - 15.00%
e = Lepdosaura - 12.50% Femiters - 7.50%
- ‘”'m:‘m;‘u. 45.00% Arschnida - 28.75% = Blattoces - 7 50%
Chordata - 12 50% - Cloullits - f1-d5% Mesoatigiata - 6.25%
_— Insecta - 15.00% = Sarcoptifarmes - 5.00%
— Malacostraca - 1.25% = Trombidiformes - 2.50%
Polychacts - 1.25% m Amphipods - 1 25%
Sabelida - 1.25%
mm Tubdticida - 1.25%

19 2, &, & Mo 2t 2EFE HEFEF0|S EHAA Hold AHA ZlE H|2(RRA2t
8= (FOO) +4
W) 9% A=l wat SFshete] BRE-2E e 2 B

D mASAA A0 et

SdAHANA HA7HAEE(Cond) € HAZE(AT) NAT vl&o] rlETAH

af A UEehd

w3 SdA Ml gx(Tur), F Holg (‘é‘¢ﬂ1—”~) UE(RE), T4/
7]];4] B &S /\l-q];a o7 lr_g z‘g:_g__ i
2Eleto]= JARA A S BAHAJNAGEA vlE, FAE AT vlE,
EPTE Hl&, YA HlE&, 7175 vl&)7F A E

2A2E ALY A3, HF wgow AgwE AAH AFYH wye] Wy
A% ghol thgo 2

Log(;b)——2207+(241>< FAHE)+(0.23 x T2 FMAFH &)

WA FANE FAREH FASNA T HlEo] =25 23SE
T3 oA %iﬂ_%% IHMEA EALE(FAD7F 24102 71 A4l o

2, Hol A4 sk A D, oldF ) A
Ae, AAA Fu g = B, FR, IR F

jus



- Hold A wg 2 FAE QA3 AMAAH WHE = AR AT
BEUE R, AAA I 28
¥ 9 MASKIH EEEX Mo o|SHXHe| MAX 2A el vl
o X[H H| & & X[ H
Mean * std range Mean * std range
DO(mg/ #) 9.21+2 6.48~14.02  9.45+171 7.04~12
pH 7.98+051 6.87~868  809+073  699~884
Cond 172.49+8553  60.45~363  2112+13901  86.1~390.5
Turb 5.64+4.55 12~1745  278+1.87 1~56
BOD 1.66+0.58 0.6~2.85 2414151 0.85~5
x NHs-N 003+002  001~007 002002  001~005
NOs-N 106062  028~235 1634142  036~352
s TN 1.69+0.91 0.44~3.24 193+1.17  0.65~4.04
PO4P 0.02+0.01 001~005  0.02+002  0.01~0.05
TP 003+002  001~006  005+005  002~0.14
Chl-a 274424 045~108  267+1.45 0.95~438
CIESPNES 3.88+1.36 1~5 3.5+0.84 3~5
SR AtO|2  30.75+22.04  0~6509  31.65%27.14  4.04~6551
gmay ToolguE  ERIS 206061863 0-7405 18851865  0-4276
°TTT HE) SEel®  1428+1942  0~62.79 8.7+8.34 0~2243
w2 458+7.59 0~23.22 6324669  02~15.15
WA SHA S b8 7.8+14.11 0~4907  28.86+3438  0~8351
AN ENA S 88 361241139  1544~5443 39.32+1881  13.4~66.11
& SABIH S b8 545541772  1589~79.19  42.89+2089  15.46~72.96
HHEMH MBS 2.35+1.66 0~6 217+1.72 0~4
o AES 3.94+1.68 0~7 3.17+2.48 0~6
2EMEUR B4 12.29+5.21 2~2 13.5+5.1 9~23
(At ) (11941232  (0.9~4361)  (3253+28.15)  (12.99~81.07)
x| THUMEURZH 14.53+6.45 5~3 13.67+1.97 12~17
T (A2 ) (14.63+9.31)  (3.29~34.38) (21.18+10.76)  (5.34~32.34)
DN EURSH 12.47+2.72 8~18 11.83+2.48 9~16
WEITES (At ) (60.58+24.58)  (8.93~96.21) (59.26+2081)  (37.31~89.01)
EPTZ HIS (%) 4536+27.99  382~7844  4044+31.03  4.04~75.31
Folole PaiAS HIE (%) 55.19+2695  0~92.15 53.3+20.29  32.93~80.82
B i (S 405122696 6.16~9279 36512034 16.54~63.05
sa AUTE AT AT g1ger1027 2595100 872741448 59.78~100
olZE H|E (%) 1.06+1.54 0~5.29 156+2.13 0~4.49
HWAZS b8 (%) 6.71+16.7 0~58.75 4.26+4.01 0~11.11
HBH| 8 3377+1651  17.78~7405 2491706  14.14~32.19
ChebE x| % 24074 0~2.82 2.45+0.31 2.01~2.84
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Fd= EHAew uPZFHyb) L FLdAZAMNTE  EA
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Principal Coordinates {PCoA}
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+Dja
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A DDs

@ |

# ] Dshj
H Hyb
& Dft

Coord. 1{93.92%)

ozl 23, HIlFelF 670 [t fMXE E4A 7|8 Principal Coordinates Analysis (PCoA). Dja: &
2], Dsu: =AM F2], DDs: 72l 24 wEE, DsDj: &/l 24 &S, Hyb: o

EHE, Dfl: =i E 2]

- Y RAES WAES WA FEREHA R3] gEo BAvA
o]

=o]l7] 3ty B AH(conserved)ZH

(protein coding gene) ol|A1¢] #Exjwt7 HdA Ha

3 FHUE AT T =4 BaE AT A B4

- PCA

A4 A3, F Wol(total variance)©] 0.02~0.19 o= wff-

wekow, 1 &4Hgk(eigenvalue variance scaled by total variance)©]

0.07~0.122 =5 A Yehd

FEe AWstA xX3en, Als
= o

==
AAZ A& F71 W Hol PCA TF=7F AHH oA
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d FEo] FrhstAeH,
2. 487 ATEES

I #AHEo HolW (Nakanishi et al
H 7] A Sk

THARMNTE Y MY AFES o=l JheAol U=

ok

Random Forest
0.0 \ ® MaxEnt

1 20 30
L500 L600 L700 Q2P SR

- RandomForest(RF)2} MaxEntd & EP Ho] ACC = 0.942,
AUROC = 0956, F1 = 0.808, TSS = 0912 #° = =

e RFSH MaxEnt 29 25 287] %

Aol F2I HEE Uehd

E 10. Random Forest 2! MaxeEnt 2 & 7|gt =<

(B + EZFHEA). RF2E MaxEnt 2ol et 2& &It #E2 =AM H el
30% HAE Hlo|eHM & ALESHo{ 10-fold WA HELE £H
Model Accuracy F1 Score AUROC TSS
Random Forest 0.919 + 0.003 | 0.755 + 0.007 | 0.979 + 0.001 | 0.876 *+ 0.003
MaxEnt 0.911 + 0.001 | 0.733 + 0.005 | 0.985 + 0.001 | 0.923 + 0.003
Ensemble 0.942 + 0.007 | 0.808 +0.020 | 0.956 + 0.006 | 0.912 + 0.011
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Permutation importance

0.30
Random Forest
Baste ® MaxEnt
w
8
8 0.20
5
<y
8 0.15 -
(m)]
0.10
R A - T A A A S A,
) /&%ﬁ/‘?o@ % P %79700 % ' % % Y %

9%
Environmental Variables

D7 27 2 MEfStE X9 Dol S
o

testE O|Eall AL 20| oot X U= Holt EFEHXE LIEF

HEE o™, Fhol 0296 vRhe FAFS Ago=z
e o g FAdAMTE Y ARAH A=E A 7HA W
0

BAT < 029; 029 < A3 <

TdAZ/MTEe At MAA= 7IE AAAL FAE Al
A2 71E AN AAA7E 225 e A= F

9. 7)& AR mAo] $Aolen Bo

A

. 1 Highly-suitable

' 0 Unsuitable

0 50 100 150 km

a7 28, F=AEINFE A AKX

o
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g
ot

2 QA% v MAA WE o=

- FAo] M2 AA A4 @<l BA (Variable Importance)
=

S
2] E nd & W4 Q2 %(Mean Decrease Gin)E 43}
A3, gAele A4 oARE IEsE UM ZAAFA a9l
AMAERCH, I HE 1%, 79, U4A, §A To| nEs ALE
sl

* B AAEZ AAY F8 HEE 22 AL ueA ARFQ
FAole o]lF Y AL A EA4E wgstes AR FAH.
dAols F4 olF Al dUyA ARE FHAisIelr] Al HEE
AgS AzsH, FAAA= AF ooy Az 1 EARS
Agste 284 AYogE A8 AALE

AR A5 dAole AE(lE A F IAEA)E AAHA=
Agk AAHLimiting Facton=A 7H& ZFEstA 288t on, 4kgh
A UAY FLeEVE =4 dYEd AL WAY] AR AE 9
EFAAE Hgs

* 2 w4 MU F8E oA A dEd AL ded
A57197F ofbd E}AQJD AR o]l HEHFH HHJE FoE
Ay 2+

=2

2 4
Variable Importance (Mean Decrease Gini)

a7 29, HE ZAE(Random Forest) 22 7[8te| EMole] MAIX| Wi 2td My Sx &It
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- e A9 2 A2A sy (PCA Analysis)

« gAo] &3 A H(Presence)THS o2 3 PCA A3}, A2]A]9]
B} FxRE AAH Y FuEPCD'e EA o)& #3 FHi(PC2)E
B&s A4

© AlFAE PCD: "AANA AHE-AF A

* PCl & Z4A%(0.99), 4FH0.99), =094 wi-¢- 73 %9
B =A(-0.66) 2 sAAC06DE =9

FHAAAE EHA
ABBAE Ve

* ol walole] MARAY WEE AAY A, 5474 Felo] ohd,
agol SAAL APA 7Bl Y& Az A F2 X
Aee AR Z, ANA BAHAA BAolE A" o] AL
A AYE A4 M Ao AT e A0 BT

F 11, 2ol &8 Xgel =Hd Wt FHE ZA(PCA) MAst & 7k Moty
(Environmental fit) &4 &z}
Variable PC1 PC2 R? P value
Forest 0.9998 0.0221 0.8322 0.001
Elevation 0.9402 -0.3405 0.6163 0.001
Water -0.2388 0.9711 0.6023 0.001
Slope 0.9917 -0.1286 0.5439 0.001
Urban -0.6563 -0.7545 0.5233 0.001
Grassland -0.4056 -0.9141 0.4985 0.001
Wetland -0.4327 0.9015 04319 0.001
Bareland -0.6405 -0.7680 0.2343 0.016
Agriculture -0.6081 0.7939 0.0480 0.349




PC2 (18.6%)

PCA Biplot - Presence Sites

°®
® °®
Water
Wetland
°®
®
® o
® Agricyl{ure °®
® )
® ® R
> Forest o®
e o Slope o
°
Elevatidn
(1)
Ba
°® ° Urban oo
¢ Grassland
°
2 0 2 4
PC1 (29.5%)
§o|7f &8st MAIX| 2td EME AlAUstst FHE 2AM(PCA) HIO|ER
7 W ukg EA4 (Response Curve Analysis)
A. ZA= (Slope): FrY3t 3% st o<l
2= EHRF, GBM, GLM)olA ZAAZE Fwalildss A2 &0
FA3 adte vd SIAY AVS B olE WED AYo]
B3PS g 0] ] &}
=] SR

Q) o] D]
o] Aol 7 AEstn AiAc] A 2ddE F
PCAPCDO N AAtest 43 o FadAE wel A3 gz o,
g FAoAE 0-5% Afole HA A A2 FEo] VM FIL
AAY gl AT E gEo] g4t dHe B

ol&= ‘2AL(Scale)e] o)’ o 7|AE AANHOE HAole EAIE
&) AAZE F3 A A YHigh PCl1ez o] 5 A w, 1 4kgF Y
Y F(Micro-habitat)ell A= ols EE&F &S 98 7B Hekg
AR ZpRAE Y AS R s e] WA|(Low Response Curve)E
A o=z o]l gstal S Ukt Az
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*

*

*

*

*

B. 7% (Elevation): ‘At 3vx]’

A e wa) FuHow Azt Aol He At AFAY AR
a3 (Refuge) = A1 4

o
C. 9 (Water) vs E. A (Wetland): ‘&X9 d& $9°
Bl % )

o
¢
i)
oo

D. U= (Bareland): “AFarxe] FA4 A
UA] vl &o] S7IETE Aa g0 A AW AHoIY 2 E
T At F3He] SR AAA] dY e A 8RIde HAE

F. AbH3F (Aspect): ‘&%

_]

(e}
FEF180%) AsHuE, AF-EAFH200~300%) FFolA A4
Bo] Paste Aol BEY. AzxsAY RAFH AFH SAo]
[e=}
[e}

1

G. ¥74A (Agriculture) & H. EA13-& (Urban): ‘<192 7o) thsgt A8
PCAPCDIA = A3 dxzHes =9 43
=4(53] GLMoM = 429 EA8tE0] S71E+E A4 &
LSHA FAFHAY Fests Bl BEH
ol A AAAHQ FYE FAFE HFA o HE BAXI} HA
FT AXNARE FFE 5 Ao (PCA A, 5~79 #AJN7](Watering
season)ols o] slgAo] = ZmE E3 oalo] Lo]3td
FAol7t AAH o R o] &t AR A2 A (Seasonal habitat) = A
T83% TVles FATPark, 2025). EI, IAolrt A Ast=
FAAFAZE FAerm w4A R o= JAFE A= AUt

ey
N

il

tT

8

lo

e

=

olo

©
ol Jehd wrad A A $(Semi-natural adaptation) 2 F7HA
ABAQ’ 0BT &A=

[. A (Grassland): ‘¥ 2A9 584"

A Hlgo] FUNETE A gEo] Aeste e B o
THEY 2AZE S olF A EAXREFEY £dH AdHE IS

o=
] a2 =
5tH, 238 E AWRT X2 gl A9y AN A53S e
J. 2+2) (Forest): ‘33 L3k A2 Hj
-8 Z7F Al A2 8o EF3 A5t 2EHe Ao AL
AAst= 71 72 AQ] BEY 988 3%

ol



t2 1 |
l S I E
1 ” 1
~ 1 -
Lo Y
= Lae]
= r =3 1 s
= t < 4 =1
=]
. Q ] W -
- -
» I 1 —
)
) 1 1
) 1 1
= E] o
=3 w; > w; (=3 =3 w,; =3 w; (=3 > w; =3 w; >
S L b ] S S = b o S S ¥ b a S
- =} > > =} — > =} > =} — =} =} =} >
@] Aqeqoad = Liqeqoag i Liqeqoag
) =3
a . a
1
| 1
= 1
1 g | - 1 <
| 1 - )
1
| = 1
e S
1 i 1 .M ! =
¢ - o & (=]
< == | ¥ 2
) - 7z 1 ko -
1S @ 1 -
L = = 1 W
v | 1
~ = v 1 K
0l e 1 -~
— o~
-~
I le - ) 1 B
= w = v = = o = v = = w = v P
S = b ] S S = b a S S = b a8 S
- =} > > =} — > =} > =} — =} =} =} >
=) Lmqeqoag = LAiqeqoag = LAiqeqoag
1S
o 1
I )
=3
| I e e
1 £ |
1 |
>
1 o | g F
° -
1 o & | S S
A ) < o oo
7 . & _ < 1
| =y =) |
(] o
N w r ,
4 ¢
s N bl ¢
lo A & = 1
= w = v = = " = " = = w = v = P w = v =
S = ] ] S S = b ] S S = b I S S = @ 3 S
- = > = = - > > ] = — = > > > — = = = >
<« Aiqeqoag =] Lmqeqoag &) Lmqeqoag - Lqeqorg

o

%} 74 (Landscape)

NAR e AN

o] o

a3t

A7

) A2 874 (Micro-habitat) 7+e] 4% A (Paradox)

£

HAF

=
=
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* 2132 oA (The Slope Paradox): Hlo]El Aol dAole= %9}
ANE7 B2 2 AYPCA PCDol EZste= AOSZ el on)
AA wA AMAA A3z Aes HEd X F(Response curve)E
Ao g a7 ol dAo7t B Azstd AXde F&3
ok FAZF A wAAR A we, AES H8] 4 Sl
AAEF H2 HAGRE AFA, AT A2FAE YWEH AHA
o}vH(Habitat squeeze) AAo. & &4

* Ao AMER 7% AzW. A= Ao HlE] A A=)
A F7EE QO HPCA), vES A Hd) AF(Park, 20258 TR
m, M7] GAARD Ho] BF FholA YA Fad ALA
AR 7leE Fdste AeE dAdd. T3, EASERS ¢

I - ] P I R U s O H ARG E 52 43 U<
WA A A FA O A8t AESL da= AAE

ok AR FaAd B ATdA gdE 1571(EF 10, HEE 59
b A4 AHE G o7t 7‘*—?‘—”“%#& ofyeg}, fr&o] &gk 349
E(Welr) TZkoln} /\(PooD A& i

O>~
I g
AC)

et dss A

- B Aol e @A AMAA HE(EAE,
A48 E 7IHe
AMAA Y AFE RZE A5 TREEDEDM) 1 E3E
TR AY

* 71595 Aug]e A8 IPCC A6xt B7HR A9 F-5ALS] 7 A 78 =(SSP;
Shared Socioeconomic Pathways) AlU#lL & "A&71s 74 Z(SSP1-2.6)' ¢}t
A E o)& AHE(SSP5-8.5) S ALste], mE(20504, 20708) 7]
de R 7 HY msr @o] A2 Al mixle I BN
o A AIPCC, 2021)

© AR olF alZ: Z|FUSE AW £E 84 WO, F4 )9
e gwel Aol MY HPAE BFAAAL o Be ==
A =] o

ol FEA A s S HIME. olE T3 T
A= A Y(Hotspot of loss)Z AMEA FAHAE A A2 A (Refugia)E
otstaral &t

o
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*AAA BA A Y S A3E AlRoE, dA HoT99
TEAS Hrietal 7|FHSoE kAR AHA Tee FAY T
Jde A9e 1% A3 (Climate refugia)’= Agste] ¢dxc=
B35 9 Edst= H-$¥ TEl(Adaptive management) S A
Ad<

(th A& &3 27|15 =
1) B7DNAE o] &3 FalzFe 2F97] gFoF7e d3d It
- BH 467] AR sHSF ) AEE UAACRER 16S wHEEIEY
golBE g E A|EAI A reads v H 810,316+£271,51971(8 9
357,514-1,779,616)%1 ., Q30(Phred=30 H| &)L 92.47+1.13%(H ¢
88.31-94.96%)2 YElY AE¥E HnE 3 HolHHEFE FE3I FHold,
At o g Q300 Ht 2% ooz Fol & EA(o: 3 A Hln,
OYE 24 ) H8str]eol 7] F4do] 433 o2 ddd
- 343} FHd(rarefaction curve)ollA W& A&+ read o+ S7kol| wet
z7lol= EFT F(Taxa S7F w24 F71std oy, €4 A ol%
= = S HATHY 29 wet #A¥EA o
A STHANIIA Ee T

= =
=
Agel AAY Zele A AEE FYA/ FRE FEOE A

eeeeeeeeee

555555
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3 =UHIEF00)et 4z g= FH=(RRA)

2 #2h5EF(Chordata)e] -3t o™, RRA 7]l A

X0l O AslEE AFS RAEFEOO 80.77% vs RRA 89.05%)(1H 3)
ZHClass) F3FolA Z7]o]7HActinopterygii)-2 ¥ wWEMFEY 22 o) A
FOO 51.92%=% 7} =& H&S HEHF3, RRA 7248%= read 7]wt
ZARANAE 7t F vlEes AAE E=IE AEEH FOO 7|4k

HEANAE BE AZoA x7loige]l g I w&e AAst:

O

HEHe] FEHoRE IAHFHTE 4). ¥bH X {F7FMammalia), Z=7(Aves),
¥4 7HAmphibia), IF7Reptilia) 5 T2 F EFTS IHF ARAA
AEHAoH, HA 2AHAA AAeh= HlE&S Z7]o| 7l w®ls] =LA
St Fgetd, £ depmiEd £49 A g &5 2A4S
z71o17}e] 7V & HlFes AAS, UHA E/Fao] 19 PlEe
TAste FEE YERE

E(Order) FEdAE  dol&(Cypriniformes)e] FOO 57.14%, RRA

2)
ol A< W= read BlF & SFHOA FAld = AR
o
=
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Total Composition of Phylum (RRA)

Others (0.94%

Arthropoda (10.01%)

Chordata (89.05%)

Total Composition of Phylum (FOO)

Others (0.96%)
Bryozoa (6.73%)

Arthropoda (11.54%)

Chordata (80.77%)

Total Composition of Class (RRA)

Others (1.84%)
Insecta (1.16%
Amphibia (1.75%)

Branchiopoda (8.84%)

Mammalia (13.92%)

Actinopterygii (72.48%)

Total Composition of Class (FOO)

Others (1 .92%)~|

Actinopteri (1.92%)
Reptilia (1.92%)

Insecta (4.81%)
Amphibia (6.73%)
Branchiopoda (6.73%)

Phylactolaemata (6.73%)

Aves (8.65%)

Mammalia (8.65%)
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Actinopterygii (51.92%)

Total Composition of Order (RRA)
)

Others (0.34%
Plumatellida (1.28%)
Gobiiformes (1.35%
Osmeriformes (2.09%)

Siluriformes (17.87%)

Perciformes (17.99%)

Total Composition of Order (FOO)

Others (0.00%):
Beloniformes (1.59%)
Osmeriformes (1.59%)-
Synbranchiformes (1.59%)
Gobiiformes (4.76%)

Perciformes (11.11%)

Plumatellida (11.11%)

Siluriformes (11.11%)

2= EFZ(RRA)H £ EIZ(FOO) Bl

Cypriniformes (59.08%)

Cypriniformes (57.14%)
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Zy B A5 AlFg wW3Ksquare-root transform)S  #H-&3 H
Bray-Curtis A =(Bray-Curtis similarity) 7]¥F nMDSE —’F@g gt A3 2D
stress= 0.212 YERSS. nMDS ordination’d €(4-6¥€) 2

HD) I&°l AZE FHaA ZdHA & AT i %35]912”4,
FAE SAHQ0%, 40%) TIFF EA 4 e Ao ol JdHH
TEE = JEHES BHolx &9k E3 PERMANOVAOIME € - Xy A
g a7t BF fFoskA RFokpr0.05) €¥ 9 AYd=E Jdad
T3 2ol (F2A EEhe IRAHA Rt

Transform: Square root
Resemblance: $17 Bray Curtis similarity
o 2D Stress: 0.21 Groups
GAY_fec
P . HY_Apr.
N . v SC_Apr.
J— HD_Apr.
B e e
//// el \\\\ N * HY_May
/,5HD_feces03 < g \ « SC May
P 4 / ~ —
5 o SHY_f
5D feceshs / v _secespq SHYfecestd T SHYS .eceség + HD_May
Loy |- 68t_feces0s . | —
N /| \ ® x HY_Jun.
i
~~~~~~ * SC_Jun.
o § / 68(, fecesm N HD"
46 1ecey | / \ _Jun.
i AR \ / 3 T .
N \ / 4 Similarity
- A ~ \ b
\ p
‘\ . 43@3‘5‘3&86&‘01 6HD_fecest4 \\‘E, N § ,‘l 20
\ SHD_fecesCs 3 “,\ 58C_fecesb ’,
-------- + * R
e N T ‘:‘\ 4SC_feces02 / 40
7 "~ /
e SHY\QCGW N 4HD_fecestd 65C_fooss0d | \\ /
7 . 4RD_fecesss M TS ~ * ~ e
)_f ! P / N
. \ Py {eu: s02 N/
/ 4HD_fecest2 N } / A4
/ 65C_fec2a / ssc @&oﬁecesyx
/ x . ,/ .7\
/ /Ay S ,/r” ‘1‘
UMY _fecesoa / / |
7 o5 1o i /
\ I A s § 1 6HY fecests  4HY_fecesOl /’
- X / \ 5HD_feses02 v /
\\\\. ______________ ol N \\ + /
\, g
\\ L

b

% o]

o

gebd A ARE gges o QA ProlR HlolH TS
BE P ste] HAjol o] 83

h7kel & eDNA AlS+= 467, 315 eDNA AlE= 7= & 557
ANEE BNE A% AEF F ofF read FE  RWIA
61,780+ 17,4367l (FH 2] 30,641-109,12971), S} ol A
53,511+18,59571 (-8 91 8,491-68,20271) R =

AA A oz FGolF 5650 A=HAoH, LA 55F, shHolA
53%0] AW, WY HAF BTN AEE Fe AL

THAAMTE HE" T2 IW@EASTAN, Fvukal, &of), stdarolAM T

{t

0O

.



B ICER EOr e

NET HAEI o7 T FT 2548 £ 1091F (HY 9461),

Sl 3156 + 8.22%F (H9) 1743902 s Aoz
O

ans)
e
e,
ofN
r

2 vgntzd B4 A3 FOO 7|1&F A9 1058 =& ¢Ag=E
B 1(FO=1.000), ¥ =m](FO=1.000), FZAHY(F0=0.957), &117](FO=0.957),
W 71(FO=0.935), 7F=x](FO=0.913), &A71(FO=0.891), w|+](FO=0.848),
F3A 2l(FO=0.804), A A|(FO=0.783)Z uUE}%t(Table X)

o] & ®o{(RRA=0.204 + 0.1725), #~](0.133 £ 0.1517), = <}=](0.116
0.1336)= AWl read ¥lE% =oF ¥ eDNA 235X 7|HA=7} &
TRToE e, EI FAAY0.063 £ 0.1005), ZAA(0.063 =+
0.0892), 7F=%](0.052 £ 0.0855), &A71(0.044 = 0.1104), =]+ 2](0.041
+ 0.1301), 3171(0.040 £ 0.0879)= H+ RRA= T3 0| =

H+
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= HEHIEG0M AEE &

#EIE(FOO) 71% k¢l 2052 FOO % Ath read 2

9] T3 FOO (n/46) FOO RRA (mean+SD)
1 & 46/46 1.000 0.2041 £ 0.1725
2 1] 2}n) 46/46 1.000 0.1164 £ 0.1336
3 FHAY 44/46 0.957 0.0629 + 0.1005
4 317 44/46 0.957 0.0400 + 0.0879
5 7] 43/46 0.935 0.1326 + 0.1517
6 7hEA] 42/46 0.913 0.0520 + 0.0855
7 =270 41/46 0.891 0.0440 £ 0.1104
8 n] It 39/46 0.848 0.0410 £ 0.1301
9 23 37/46 0.804 0.0062 + 0.0153
10 A4 36/46 0.783 0.0627 + 0.0892
11 Hj| 35/46 0.761 0.0177 £ 0.0660
12 & 34/46 0.739 0.0218 £ 0.0521
13 H %o 34/46 0.739 0.0040 + 0.0081
14 n]H-etA] 33/46 0.717 0.0062 = 0.0309
15 &N 33/46 0.717 0.0061 + 0.0201
16 ol o] 31/46 0.674 0.0565 £ 0.1756
17 A 31/46 0.674 0.0481 £ 0.0735
18 R 31/46 0.674 0.0121 £ 0.0505
19 NEd4AYs 29/46 0.630 0.0057 + 0.0140
20 A 7}AE 28/46 0.609 0.0025 + 0.0061
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[Qlo] B3t o=w A8 & 7t E AAE

T FFoAM B FOOs+ std<4 FOOE wi$- 7%k ke Ads
el H(Pearson T = 0.888, p = 7.98x10% Spearman o = 0.887, p =
8.67x10%). AY¥FAAL y = 0998x + 0.1092%, 7]L7|&= 19
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LIEFH MEE. 28 E2 78 52 2o ojetth
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st FOO9| 73k A AA = ZAF F3tolA stH 4 eDNAZE ¥ sl
37 71EAEAIES) Asr driel BEWHA #EFE = HAAAE
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"E7) AB@Fh, ASAEu T, BAFAN,  Ahe

mgoz Ewa shdsol A FOO @ wolzAe Hede Brie Aw
By AR 467 F 18MGUIWAM FES 4F F Az 1%
AEHUL

THEE dAFuxts #9¥ FOOZE 0.239, 3kl FOO7F 0.222=%

AR AL, Ivlev electivity A4+ 0.0366 2.2 FH(NeutraDoll 3l &3+% =
d= A ZrFe)= B FOO7} 0.174, 3444 FOO7} 04442 -5 ow]
T HEFo] Een, Nev Age -0438e=  7gk 33 (Strong
avoidance) 4= H A=
WA ZA )= M FOOZF 0.02170] Ao}t &F3d ol A HA=5A]
o

=] =

Zolvlev A4+ 1.0000.2 733+ 8 (Strong selection) 743F-& B
oAt AtE wAFAN s S E shR o AT FOOZE 0.1110] 3o,
BEHANE AEHA o} Ivlev AFE -1.0000.2 73+ 3] 3(Strong
avoidance) 74 &2 E A=

Strauss A& A <=(Strauss’ linear index)= ZtZte] zolE AFF o=z
Rrgstgon,  FAgmiaksE 00169, EEAEWFE= -0.2705,
X EAN= 0.0217, of&viat= -0.111122 YeElY AWA O Z  [vley
A o] WP XA

r1r

Lahoz-Monfort et al., 2016)

SlnpatE B FOOS 3td4 FOOZF s Ivievzh 3ol 71714,
2 A BHYolA oA Ueues WEe A4 REVE A
ol gt AFe HAaT rigle W7o fAgnkA NAE
2] }gi_g_% B3 AASIE, AA BEXS JsAE VMR wE 3
I 8% Aoz #udE. gyl SF7] driEly Holgw
olsAe= GPS 2 A3 B+ 0.8 km(£4.6002 Hlwd #A vebtA| L
AA N wet WMA7le 0.2-137.0 km7tA AAY olFE RiEo AF
FAY o2 AYA FAsta Eolsks 7heAd S dysiAl A=
o] ¥ &-(Manikowska-Slepowronska et al., 2025)
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AFA =R R A5 FOO7F o= #W FOO7L o} 33
A5t AEHNS. 46Ul B9 A=A
AEHE g3 B FESE FYe B o
S A% R LA ozt oF FoE s, FE Tt A7

) 1

ZIgto 2 HeYstm X 2A3t= 9 rtE] oA
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|

HAFANE BH O ARANAT 34sA HEEHL
=5, ol B Fo] ofdAolw FXto]
AE olgste= AHA EA(Yoo et al, 202D =
ANA wAEMAA FEOE FAIEO FIHEH o]ldEAol AR
AT 2 A3 A A™ - A™A o E9A HE L AA
S-X(false negative)e] A S 7IsAdS 7F&(Shogren et al, 2017;
Wilcox et al, 2016). 3 eDNAE A FAAAZE HlEo] e oFY
A5 vls - IJF 719 eDNA =0 Ad oz Agd 7lsAol Ao,
T% eDNA 7|8t ZALA AEE Astel] 71 &+ JDan et al,
2024; Thalinger et al., 2021)

o EutAbE o] WG WEL Apdo] W os Fite| FE A ASte
Held 542 7HAT YOowm(Hong et al, 2017), BES} ATl =7
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AA7} EE b5l B
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Ny r

) 7 23 B¥7E FHHololx FANAE
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28 NER e Aow 4
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%H ﬁé‘ 71‘ 7F AgEes FRE 1Y, mEA e Sl = dviel
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62+68) ZUER™ A A7 1MAE FA(EA 5 A+ 6)3A 5.
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3A, =T NA EAE A F

62 ZUE Y o]Z 37} WA} 30070 A 23 &

72H74d) BEUHEP A gATE 9AE #A(EH 30, =3
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A Ao 2021dx=e] BUAgel AFEHPOoU, 2024d =0 B
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- 88Y) RUHY A 24T SAAE FAEH 13 A =4 7,
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Acknowledgments - The content and layout of these data sheets are derived from the sheets used in the River Habitet Audit Procedure (Anderson, 1993a), AUSRIVAS, the Index of

Stream Condition (Ladscn and White, 1999 and DNRE Victeria) and the River Habitat Survey (Raven et al, 1998)
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Environmental DNA to track endangered Gobiobotia naktongensis:
Assessment of distribution and habitat requirements
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International Trends in the Application of Environmental
DNA Methods to National Aquatic Ecosystem
Monitoring Programs and Challenges for Domestic
Implementation

Yerim Choi' @, Hye-Ji Oh'*, Ju-Duk Yoon™©, Kwang-Hycon Chang'*
‘Department of Enviconmental Science and Engineering. Kyung Hee Univerity, Yangin, Kores
University- Industry Caoperation Foundation, Kyang Hee University. Yongin, Kores

Revearch Center for Endangered Species, National Institute of Ecology, Yeongyang, Koeea

ABSTRACT

To identify the spatiotemporal distribution of organisms by detecting DNA fragments released into the emviranment,
cnvirommental DNA [cDNAJ is readily employed. This icchnique i receiving significant attention in ceological rescarch,
particularly in aquatic ecosystems, as an effective alternative method for national monitoring systems. that neced 1o
simultancously imestigate diverse biological communities at multiple sites, at low costs and technical discrepancies.
However, challenges remain, such as improving poor reliability of genetic information databases, standardizing

of methods, and interpretating of acquired genetic information, including issues of false positives and
falie negatives. This study explores intemational cases in which ¢DNA methods have been actively developed and
applicd, and summarizes the current state of research in South Korea and the various issues identified in these
studies 10 guide individuals and domestic institutions regarding the application of ¢DNA technology as a targeted
investigation or supplementary tool for future biclogical surveys.

Keywords: Biological monitoring, Ecosystem health assessment, Fish emvironmental DNA. Metsbarcoding, National

Introduction
Because biodiversity loss has emerged as a serious
global fssue, there & an increasing demand
Received October b, 2024: Revised December 10, 2024 for more extensive data on biodiversity. Traditional sunvey
Accepted December 11, 2024 methods that rety on the direct “identification” or “col-

lection” of organisms are fimited by cost, time. and effort.
Additionally. these methods face challenges in detecting
species with very low population densities, such as en-
dangered specics, which are central to the decline in bio-
diversity (Ruppert ef al.. 2019). Emvitonmental DNA (cDNA)
analysis, which amplifics the DNA of organisms present in

“Cotresponding author: Ju-Diik Yoon
e-mail grandblue @ rie re ks

hitgs:iforcid.org/0000-0001- 1667- 127X
Kwang-Hyeon Chang
&-mail chang 18 @\ huscAr

hittpa:/foreid orgl0000-0002-7952-4047

P
iy sl g the ¢

Capprgh

ntserational Journal of
A=W Molecular Sciences

Articl

First Complete Mitochondrial Genome Analysis of

Tree Frog, Dryophytes flaviventris and Comparison with
Dryophytes suweonensis
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Abstract: Mitochendrial genomes (mitogenomes) play a key ol in species identifica-
tion and phylogenetic studies due 1o their stable gene arrangements and evolutionary
insights. Dryopitytes fiaviventris, classified in 3020 and closely related 1o D, sumomensis,
lacks mitochondrial DNA data for differentiation. This gap hinders accurate species iden-

tification, the need for ic studies, The complete
size of two D. flaniventris were 18616-18,617 bp and those for two D suwemensis were
18,610-16,616 bp, the i the 13 protein-coding genes

eheck for
(PCGs), two ribosamal RNA genes, 22 u.n.ns[zr RNA (IRNA) genes, and a D-foop. Fhy-

logenetic analysis confirmed that the mitochondrial DNA of all four individuals formed
& monophyietic group, showing no genetic differentiation. As 3 nesull, the hwo species
donot form distinet clades, and could not diffe them, s

thiey are not recipracally monophyletic. This study presents the first mitogenome data for
2. flavizentris and provides valuahle insights into tree frog taxonomy:

Ao S Masa
© Shlpraidi
Fevssvenl A Fupsery 3525
Revisae & Masch 3175
Aceupiod: AMunh 05
Pubisunl T March 3075

Keywords: tree frog: mitogenome; Dryophyles flaviventris; Dryophytes sunvanensts,; phy-
logeny: taxonomy
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1. Introduction
Mitochondrial DNA (mIDNA} is maternally inherited and non-recombining, making it
sultable for tracing the evolutionary history of spesific lineages [1]. MIDNA (s also vatuable
for estimating divergence times Across various Laxs, with estimates reaching as far back as
300 million yesrs |2
The mUDNA of venebrates i typically small, averaging around 16 kb, which lacilitates
hok 141 5 in miDNA fend o be stable within
major groups 1], variations do occur, and comparing lhese arrangements can reveal deep
branches in the phy logenetic tree of multicellular animals |4,5). This stability makes mtINA
valuable for inferring phy acruss speci 1y, mUDN A exists
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Fish vis DMA in Korsan Lakes. Jun-iean Kin D000-0000-7181-6313,
Kyii-uJin Kim {00D0-D002-TE26-5961), MISHEEL BOLD Kewn-SiK Kinr' n-258EL
Au-Duk Yoon' DOL-0D03-1667-527X. Jeang-Huul Kinr' (N00C-0003-2331-4232, Moaseang Kim' [DODS-0007-4435-08451
Keonties Kim' " 1447}, Miv-Hio Jang” of Biokogy Education, Kongks

af Envifanment. Sejong 36103, Reputifc of Korsa! *Hunisn and Eeooare Center, Konkuk University. Seoul 05023,
Repubiic of Karea)

Abstract  Environmental DNA (eDNA) asilvsis offers @ significant advantape in directing a wide range of
fish spectos, repantlessof thetr phiysacal habitat conditions. and is considered an effective wol foe bodiveesiry

meal laely in lentic such as lukes and teseevoirs. I s study, we conducted
conventional surveys cast net, kick et and fyke set) and eDNA metabarcoding in six Korean lakes 10
compare fidh community strucius and gecles campetition between the two methods. A total of 73 fish
species were ideniified. with 39 spories (mean: 18.5) identified through conventional survéys and 64 speciec
(mmeam: 34) detected thriugh eDNA. indicating a bigher detection efficiency fur the EDNA amlysis. Notably,
eDNA analysis tevealed the prescnce of endingesed species fe 2., Kichudchuda beevffasciata. Acheilogmathins
mafusentus and Kesrcocebitis mektongenss) arsd ssall benthic o cryptic species (@8-, Preudubagrs harcanuy
and Liesbagrses mediadipersalis) that were not captused in field surveys. Nos-eteic multidimensional scaling
(NMDS) showed distinet community parerns between the two methods (stress = (00683, and PERMANOVA
(Permutationsl Multivariate Analysis of Variance) confismed o sutistically significinn difference (R =0.321
p=0.006). In-all lkes, eDNA dotected nure species than conventionad surveys. and donsinant species also
varied berween methiods. Hisever soe lithitatians of <DNA unalysis bave been ebaerved, including falie
negatives und eromeous deteetion. likely due t technical constraints, biokogieal fsctues. and Contamination
factors. In onder to enhance accuracy, improvements, such s expanding domestic DNA barcode databases,
standardiring sampling profocols, validating the rélationship belwéen eDNA comcentration and fish abundance.
and experimentully investigating time-lag responses between species presence and eDNA derection, are
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Assessing Freshwater Zooplankton Diversity in Lakes Using
eDNA Metabarcoding: Comparison of Zooplankton eDNA
Sampling and Analysis Methods

Yanm Choi* |, Keonhes Kim' |, Kauwn-Sik Kim* N
Ju-Duk Yoon®| , Dae-Hee Lea . Gaun-Hyeok g -STT-7238,
Min-Ho Jang’ . Kwang-Hyean Chang 7} and

Hye-Ji Oh* I0000-Cona-209e-8485)

Depurtinznt of Envirnmenta! Science and Engincering. Kyawg Hee Universie, Yongin 171N, Republic of Korea
i and Ects Cinre Ceanter, Coltege of Sang-uh Life Scivace, Kbk Uniiersisy, Seoul 05029, Repnblic of Kisree
“Research Cemter firr Enclurgered Species. National brsiituse of Ecwlozy, Yeomgvamy 36551, Repubtic of Korea
"Deparnment of Bislogy Exucarion, Kongie Nasineal Universiry, Gongi 32585, Repubic of Karex

Abstract E.mmmnau D'\.Argl:hm annhm has eamerged as 8 powerful ol For biodiversity monioring
due 1o its effc polential, We evaluated the applicabiliry of eDNA-
based zoopluikion moitoring in liune.un takes by comparing three DNA methods— eDNA, iDNA_ and
EADNA— with traditional micrscopy. Sampling was conducted in six lakes with varying conditions. eDNA
wan obtained from lake water, DNA from unpreserved zooplankion incubused in water, and 6iDNA from
ooplankion ineubated in ethanol, DNA metshascoding detected more tasa than micnscopy, bar dominan
taxa overlapped, mainly Daphuia. While DNA methods. showed higher richness, Simpson and Shanuon
indices were higher in microscopy, reflecting differences in quastification methods, Thess discrepancies
reflect methodological diffesences in how taxis are quantified and sugpest that DNA-based approaches may
avestepresent cestain proups in richness estimates. In addirion. false negatives were observed for several
ot wotiler species (e.g.. Keratelba, Falvarthra), Ukely die 1 incoinplute reference databuses and bigh
intrispecific genstic diversity. Conversely, soent Laxs detected only by DNA— particular) li-bodied or gare
crustaceans—muy represeat false positives relative o microscepy. These findings emphasize the impotance
of imgroving reference libraries and interproting DNA results with caution, while also supporiing the wility of
DNA-brsed methods 2 ¥ ool in zooplank nationad biodisersity assessmenis

Key wards: frestiwater sooplankion eDNA. ethanol DNA analysis: cINA-based community index, biomiss
comparisum, species rchness., Crelops, Kerutelle, Polyurthr

INTRODUCTION
[ ———r T — Ty ——
R E The applicitiva of cavisonmentsl DNA fDNA) unalysin
R has gasnend ssgnficant trsction i recent national mosikring
L ahg 2008 mnctcom effiors due W i stundsrdization, efficiency, and cost-eflec-
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Genetic Diversity and Structure for Conservation Genetics of
Goldeye Rockfish Sebastes thompsoni (Jordan and Hubbs, 1925)
in South Korea

Kang-Rae Kim 170, Keun-Sik Kim %17 and Sung Jin Yoon
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Simple Summary

This study assessed the genetic status of the rockfish Sebastes thompsoni from five coastal
sites along South Korea and East Seas sampled in 2018, Using microsatellite markers, we
measured genetic diversity and differences among locations. We found consistently high
diversity and minimal genetic separation ameng regions, indicating one large, connected
population. However, effective population size was mostly below 1000, suggesting a risk
of future diversity loss if pressures persist. These results support managing 5. Hranpsani as
asingle unit across the South and East Seas, while prioritizing habitat protection, controls
an overfishing, use of diverse broodstock in any releass programs, and regular genetic
monitoring. Our findings provide practical evidence fo guide the sustainable use of this
ecalogieally and economically impartant species in Korean walers.

check fox
updates Abstract

Acatomic Eils Gunbing Cis st

Latng Gl Sebastes thompsoni is a cold-water rockfish of commercial and ecological value off the coast
of Korea, requiring conseryation management, We analyzed seven microsatellite loci to
assess genetic diversity, population structire, and historical effective population size (Vo)
of five populations obtained from the South and East Seas of Korea in 2018, The abserved
heterozygosity (Hg = 01.759-1.816) was higher than previeusly roported, and none of the
STRUCTURE, DAPC. or AMOVA analyses detected geographic differentiation among
samples from the South and East coasts of Kores, indicating a single population within
these casts. Thise was genetic flow between the five groups, with migration rates ranging
from 4.1 to 19.11. However, the cursent N, of all populations is estimated to be <1000, and
VarEif-based reconstructions indicate a recont, severe hottloneck following an exparsion
apprvimately 600-1200 years ago (100-200 jons ago). This A

diversity loss may persist in the future due 1o long-term habitat loss, fishing pressure,
and ocean current fluctuations, Therefore, 5. thompson should be established as 3 single

Becrmred. 14 Oyt 30

Coppright: £ 25 by this e

Lsraris MDY, s, Seeiterlans] management unit covering the Kerean Peninsula coast, and habitat protection, overfishing
This sk an spen ssms sids. CONEO], geNetic management type resource release using various mother and broodstock,
il s e s and and periodic genetic monitering should be promoted: This study provides evidence to

Ruide efforts to secure long-term genetic resilience and sustainable management of S

I e thonpson in Korean coastal waters.
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Diatary Composition of the Japansse keelback (Hebius vibakari] In Jeju lsland Revealed by Fecal DNA

deongwan 0001-5707-5720), K Kim' 7647-3768). Chang-Deuk Park (0000-
0002-T832-2806), Kwanik Kwon [DD00-0D01-7284-6513), Makyung Yoo (0000-0002-6030-2279), Keun-Sik Kim” (0000-0002-
2081-258) and u-Duk Yoan” 0000-0003-1 Center far Species, National institute of

Ecology, Yeangyang 36531, Repubic of Korea: 'AguaGenTach Co., Lid, Busan 48300, Repubiic of Korea)

Abstract  This study applied 185 (RNA metabarcoding to 13 fecal samples collected Fom the Jopusese keel-
bisck (Hebies vibakart) on Jeju Island to identify its dietary composition and anulyze its ecological charsetenisties:
As expected, Next-generation sequencing (NGS)-based Relutive Read Abundance (RRA) analysis revealed high
dominance of the phylum Chordag (85.0%), largely atributed 1 bost-derived DNA and genetically similar txa
“This patier \echnical 1 1 the 188 sk Tow : sesolution for epliles, which
can lead 1o species-level misidentification. To sddress this Tinitution, we pesformed o complementary Frequency-
of-Oceurrence (FOD) unalysis, which revenled that various sroups contributed substantially to the
diet, including Aruneae {spitlers, 38 #5), Clitellata (earthworms, 2 and Insecta (15.0% ). Notubly, the high
occurrence of carthworms suggests that 2. vibakari on Jeju Islnd muy employ an active foraging strategy.
probig moist soil Layers rather than feeding exclusively on surface-dwelling insects. In conclusion, this siudy
demonsteates that combining FOO analysiv with 188 metubarcading can overcome key limitations of the
molécular approuch and provides the first detailed chatactenzation of the wild diet of H. vibakari on Jeju Island
Fuure studies incorporating host-blocking primens or additionl genetic markers with higher tixonomie resolution
are needed to further refine dietary inferences.

Key words: Hebius vibakari. metabarcoding, leces, diet analysis, snake
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Article
Assessing the Hibernation Ecology of the Endangered
Amphibian, Pelophylax chosenicus Using PIT Tagging Method

Kwanik Kwon ' 20, Changdeuk Park
and Juduk Yoeon -+

Jeangwoo Yoo 17, Nakyung Yoo 17, Keun-Sik Kim '
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* Departmentof Life Scivaces, Crllege of Natural Sesence, Yeungnam University
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Simple Summary

This study investigated the hibernation ecology of the endangered Gold-spotted pond frog
{Petophulux clrpsemics ) using PIT Lag tracking o support conservation efforts, By monitoring
49 hibemating individuals over a three-vear period, we lound the frogs burowed at deptis
ranging from 1 to 23 cm. The frogs emploved a behavioral strategy of digging deeper
during calder penods, utilizing soil as a thermal buffer to maintain body temperatures
above ambient air temperature. Furthormare, to prevent dehydration, they exhibited a
strong prefurence (or hibernation sites near the waterlvont with high soil moisture content,
We conclude that proserving micrahahitats with adequate burial depth and high soil

‘mwisture near the waterfront is critical for the successful overwintering and subsequent
conservation of I chosentets.

Abstract
e The Gold-spotted pond frog, {Pelophylay chosemicus (Okada, 1931)), classified as an endan-
apdates gered species in South Koren, h. d significant popalation declines due 10 habitat
Acadeenlillon Vil lows, primarily driven by agricultural wxpansion and urbanization. This study aimed to
Pired Mol assess the hibemation ecology of P chosenicus using PIT tagging technolagy, focusing on
Ricebod 19 Novumbar 5555 its hibemation behavior, envi ditions, and implications for conservation and
Mot 11 D 3015 restoration (Jver a theee-year periad (2021-2024), PIT tags wers implanted in 408 frogs,
Ackipis: 15 Ui enabling cont g of sites and individual characteristics, The

results revealed that hibernation depths ranged from 1 o 23 cm, with deeper burtowing
observed during colder manths, indicating a temperature-dependent survival strategy.
The soil temperature at hibernation sites remained consistently higher than ambient air
temperature, suggesting an adaptive mechanism to avoid freezing conditions. Additionally,
frogs exhibited & strong preference for hibernation sites near water bodies, where soil
mnisture levels were high, highlighting the importance ef preserving suitable microhabitats

for successtul overwintering, These findings provide valuable insights into the hibernation

Caplvight: £25by she st scalogy of P chosencus and are critical for guiding effective habitat restoration initiatives,

Lo MDA, Bl St seelvind Future research should investigate physiological adaptations 1o varying ion en-

T Welila Lh dsapen dtfpa irlichd vironments and the potential impacts of climate changy may impact the survival of this
d speries.
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Assessing Genetic Diversity and Population Structure of the
Endangered Freshwater Fish Gobiobotia brevibarba for
Conservation Genetics in Korea

Keun-Sik Kim 10, Kang-Rae Kim **" and In-Chul Bang **

Research Conter for Endangered Species, National Institute of Ecology, Yeongyang 36531, Rupublic of Korea;
kskimimie ro kr

* Southeast Sea Fisheries Research, National Institute of Fisherles Science, Namhae 32440, Republic of Karea;

kekimg9@korea ki

Dipartment of Bioscience, Soonchunhyang University, Asan 31535, Republic of Korea
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Abstract

The endangered freshwater fish Gobiobotia breviburba is endemic to Korea and threatened
by habilat disturbance in major river systems. We investigated four wild populations
fram the Han River basin (IR, BHE, NHR) and the G
microsatellite loci o assess genetic diversity, §

eum River basin (GR) using eleven

F structure, and Ty
gene flow. All populations showed relatively high genetic diversity (Ho = 07000, am
Hg, = 0.707-1803} and no evidence of inbreeding, although bottleneck signals under the
infinite allele mutation model were detected in IR and BHR. Contemporary effective
population size was large in [JR (N, = 2463) and mioderate in NHR (N, = 467), whereas
estimates for BHR and GR were imprecise. Genetic differentiation was very low within
the Han River basin (Fsy = 0:009-0.027) but weak and significant between Han and Geum
(Fst = 0.085-0.096), and clustering analyses (STRUCTURE, DAPC, find.cluster) consistently
supported K = 2, separating Han from Geum River. Gene flow analyses indicated extremely
limited interbasin gene flow (<4%) but asymmelric contsmporary migration from BHR into
both /R and NHR; all other migration rates were similarly low. These results show that G,
brevibiarbs currently maintains high genetic diversity and two basin-level genetic clusters,
underscoring the need to manage Han and Geum River populations as separate units and
conserve riffle habitats and longitudinal connectivity.

Keywords: genetic structure; genetic diversity; Gabiobatia brevibarba; effective population size

Key Contribution: We identified significant genetic differentiation between Han and
Geum River populations of Gobiobatin brevibarba, supporting the designation of separate
managemient units (MUs) for conservation strategies. The findings underscore the need to
avoid cross-basin translocations and (o conserve riffle habitats and gene Qow pathways

M) Ghack for updates.
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5 by the authes 1. Introduction

Across Korea, many freshwaler fishes have become threatened or endangered as a
result of rapid habitat loss, channelization, and water quality degradation [1-5], Indeed,
the construction of large-scale hydranlic structures such as dams and weirs has trans-
formed lotic reaches into impounded, slow-flowing environments, leading to the loss or
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Homing Ability of the Endangered Reeves' Turtle (Mauremys reevesii) in Agricultural Reservoirs, South
Korea. Chang-Deuk Park {0000-0002-7832-2806), Jeongwoo Yoo (DD0D-0001-5787-5720), Kwanik Kwon (0000-0001-7284-
6513) and Ju-Duk Yoon* (DD00-0003-1667-327x) (Research Canter for Endangersd Species, National Institute of Ecology
(NIE), Yeongyang 36531, Republic of Korea)

Abstract  Homing behavior is a Iund.nmanla] ecological trait influencing site fidelity and the success
of transl for d species. This study evaluated the homing ubility and effective
homing runge of the Reeves’ turtle (Munrentys reevesil), a Class 1l Endangered Wildlife species and a Natural
Monument in South Korea. Six adult turtles were captured from reservoirs in Gurye-gun, attached with
GPS tansmitters, and anificially displaced to terreserial release sites at distances ranging from 200 to 600'm
from their original habitats. Monitaring from May 2023 to July 2024 revealed a distance-dependent honing
response: individuals displaced by 200 m and one of two displaced by 300 m successfully remurned to their
original reservoirs. However. all trtles displaced by distances greater than 300 m (400~600 m) failed to return.

These results suggest that while M. jeevesii possesses homing instincts, its effective homing range on Lind is
relatively limited compared to other freshwater tunles. This study provides the first empirical evidence of the
spati
mud accumulation on solar-powered tags in wetland environments, were also identified as a Factor to consider
in future telemetry studies. For successful translocation, we recommend selecting release sites within 300 m of
core habitats to maxinize settlement success.

its of homing in Korean M. seevesii populations, Technical challenges, such as signal loss due ta

Key words: GPS telemelry, homing ability. Mauremyy reevesil, site fidelity, displacement
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