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Abstract

Aquatic environments in urban ecosystems play a crucial role in biodiversity conservation
and habitat connectivity. However, urbanization has led to repeated cycles of degradation
and restoration, resulting in high spatial heterogeneity. Therefore, biodiversity and habitat
assessments require investigations at a fine spatial scale. Environmental DNA (eDNA) is an
efficient and non-invasive technology for biodiversity assessment, as it requires minimal
sample collection and processing. However, its application in South Korea has been largely
limited to fish species, and further research is needed to enhance the interpretation and
utilization of eDNA detection results.

This study explores the applicability of eDNA-based biomonitoring through (1) beta
diversity assessment to identify urban stream characteristics and inform management
strategies, and (2) habitat suitability and connectivity analyses to prioritize the restoration
of habitats for endangered species. Beta diversity analysis of the Anyangcheon River system
revealed that seasonal variations in biodiversity were primarily influenced by species richness
and turnover. The upstream sites and the fish species inhabiting them played a significant
role in determining the overall beta diversity of the river system. Notably, non-native fish
species contributed substantially to biodiversity shifts, highlighting the need for targeted
management of invasive species in urban streams. A habitat suitability and connectivity
assessment conducted in Daegu Metropolitan City detected otter eDNA at 25 out of 32
surveyed aquatic sites. These findings indicate that otters inhabit not only natural water
bodies such as rivers but also artificial environments such as reservoirs and ponds.
Additionally, reservoirs and ponds were found to enhance connectivity with key habitats,
thereby facilitating otter movement. Conversely, commercial and residential areas were
identified as barriers to movement, increasing the likelihood of human-wildlife conflicts.
These urban areas should therefore be prioritized for conservation and restoration efforts.

This study confirms that eDNA-based monitoring effectively minimizes seasonal biases,
enables the rapid assessment of biodiversity across diverse habitats, and facilitates the
detection of low-density species. Particularly, eDNA can serve as a valuable tool for
preliminary assessments and proactive biodiversity monitoring, offering a faster and more
efficient alternative to conventional surveys. It holds great potential as a foundational
dataset for Environmental Impact Assessments (EIA) and habitat restoration planning.
However, as eDNA detection rates are influenced by physical and chemical environmental
conditions and may vyield false positives due to high sensitivity, integrating traditional
observational surveys remains essential for ensuring the reliability of results.
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I. Research Background and Objectives

I1. Beta Diversity Monitoring in Urban Streams
Using Metabarcoding

ITI. Habitat Suitability and Connectivity Analysis
for Urban Eurasian Otters Using eDNA

[ Detection of fish fauna]

MI: eDNA metabarcoding M2: Environmental variables

[ Detection of fish fauna and L. lutra)
MI1-1: qPCR eDNA assay M1-2: eDNA metabarcoding

eDNA sampling DNA pH Temp Cond Study sites eDNA sampling DNA amplification
and extraction Sequencing DO DEM Width selection and extraction or Sequencing
[ RI1-1: Seasonal alpha-diversity of Anyang stream network ] [ R1-1: eDNA detection of Eurasian otters in Daegu city ]
[ RI-2: Analysis of seasonal species composition similarity ] [ R1-2: Correlation between fish diversity and L. /utra detection ]

L4

\ 4

! [ Beta diversity analysis]
i M3: Beta diversity partitioning (adespatial R package)

[ Species distribution modeling of L. lufra |
M?2: Maximum entropy model (MaxEnt)

| = - Biotope  Elevation ~ Temp/ Distance from biotope
| B r data g . ;
1 Metabarcod;llg din LL'l.ﬂ['y. = Dissimilarity calculation /Popul / Slope Precip Forest Wetland Road
| processing Quantitative data
= [ R2-1: Environmental variable contributions to distributions ]
R2: Seasonal analysis of LCBD, LCBDg,,;, LCBDg;,,SCBD ]
* [ R2-2: Deriving habitat patch based on high prediction value ]

| Statistical analysis |
M4: Multiple regression model

: Abiotic/Biotic variables R2: Seasonal analysis of

LCBD, LCBDy. LCBDgyep

¥

R3: Relation between environmental variables and sites ecological

(VIF < 10)
[ uniqueness

| Connectivity analysis |
M3: Linkage mapper

Resistance surface from
biotope map

Core area from
MaxEnt modeling (R2-2)

R

R3: Habitat connectivity and linkage priority assessment ]

IV. Research Conclusions and Application Plans for Study Results

Figure 1.1 A3 &
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dEavdat dSCdd2 dEiAS] 7|3t AY JEE Olalists o U0 =Y 2[H=Z
2+85HCt(Jia and Chen, 2013; Karr, 1981; Ranta et al., 2021). MESCtY¥H
Ao, 88 EestH, AlZH 2 It He| oM HEfAE olsist= o C
(Shannon, 1948; Simpson, 1949). YECAHEE a, B, ¥ H¥H2=2 L= &+ ULt o= &
d A9 W datdds, pe 3UH C

(Whittaker, 1972). £35] H|EICIYHEES 2

= o
Aol &34 Z0|F Hoiot= o 2%t dYE oitt Ol & 249 Hstof A,
AMZHA, = 2tFdA FBALE Yeis| ot o 24e2 282F 4 UCKLegendre, 2014,
Legendre and De Caceres, 2013; Socolar et al., 2016).

HIEl CiYd A+e Ze 2 FED OrtLfet A0l Z[gret YIS ZEelot==s 4|

o o — — o

=
&Hoz2 YAHG| 2CHLegendre et al., 2005; Raphae™ et al., 2003). H|E} CrFA0|| CHGH

2|9 7|0{=(LCBD, Local contribution to beta diversity)2t &2 7|04=(SCBD, Species
contribution to beta diversity) A= XY L Z9| SEEG EME 0|4AHQ &4E &

off Bt¥st= A EZ 7|sStCt LCBD 7HES HIEF CHFEY
Z W4|(turnover)?t & E=E2T Z0|(nestedness)S =2

2014). WA|(turnover)& & 24 7F 3 WAE 20|
A

o| B2 0| thE oM ZOE0f M2 S22 UHES HUEHHCE Ol= dEfd E=
Ae|d Y, &g =219| 210], L= 2oty ye=z Qs 4 #yol & +40| =5E6ixls
= AlAretch B F 55 20|(nestedness)= S 2d0| LE Z3o F2dgd o &
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CAISEIA S| E BHE2 dEISY ASdS Olalists| flo BE t¥d &40 EEL|
O{0F St= +2 &7t & SILO[L. &3] H1} std2 S2% MAAZ JsstH MAZA| 2t &
2ds SUAZ|IL, d=H¥d

dd BHg 2ot 2% 32 AZSCHPaul and Meyer,
2001; Roy et al., 2016). S£A| MEjA= = A|Y0[A|2F, SA|0
| AEH22 O[RO0R = SU2Z, P AABRIOM =2 37
HO{FCH(Sreekar et al.,, 2018; Zhang et al.,, 2015). =A| MEjA= QLA

Z RUoz Qlf =2 MECIYME 7tX|7|= StCHBorden and Flory, 2021;
Francis and Chadwick, 2015). £35t, TA| X|¥9| HAst 34 ARE ZYs=s A2 =
Al AHERA L S MENAIC] HZ HEHE dTetstn BItohY| fls H42A0|CHMayer and
Cameron, 2003). Z=A| A9 Z7tH IHHZ O[ahstr| {18t HFAOM= 2 100mOilA
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al., 2018; Valentini et al., 2016). O
=2 £ Ael, Y|Hez ME EE0|
(Fukumoto et al., 2015). 3t 2
HolE 2SI AlSUHA AHeks

Std DNAZE 7|22 of dEsty =
HENAOM FHLASHA O|FO0{ XLt 2t DN

E4 A9 W 429 dtiyq SF=E g + A

I
tYsote WWIt: 4L UCHBreton et al., 2022; Di Muri et al.,, 2020; Everts et al,
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= 3 A2 sLE VIBIRZ I 27|t HE MAIRE
ZAs5t=s ARE ST} (Buxton et al.,, 2017; Sohn and Song, 2024; Zhang et al,
2019), £ BIXE Z7tH EMI} HASIHS AZ L35 0|20{ZCt (Kang et al., 2024). 1
ALt ofd HERZ W MEsH A4S ﬁLEOHH T wHet S 5 7 42AES EA9]

Gotole S84 22 =2t MM 2 gdoe datdd A, & 29 Het(uAet S
FL 2015 2td 20a HEr CHPY =2 9| HAE

meh), a2 d=4 L Hd=y & H
ZALe2ZMN MTe 2 20N HEfAH HSds SEH2= Olsfols As SH=E it}

eDNA MEZYES 04520209 7€ 16~17¥)2t 0| AH(2020d 108 24Y) F ra1|
of 24 2l Zb 2| oM StLe| MEE AMR[SIRCH, S URES Eedl £ 64
W MES i*Eﬁf?'iEf. QF 240mlel 22 30ml FAI7|E ARSI Sterivex ZE{(0.45um)
of E{YotUCt MEY 242 = TEHE= DNA &8 2|Aaslsty| sl Al OFOIAH“\OH
B, Addz 2EE = -20°COA 225t HE| Wi DNA= QIAGEN DNeasy
Blood and Tissue Kit(QIAGEN, Hilden, Germany)S At2st0 ZE5I%UCH 2= DNAE
Nanodrop 2000c(Thermo Fisher Scientific, Waltham, MA, USA)E AtEd s =4

S, 24 A -20°COllA 22 ACE.
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2.2.2 2fo|E2{2| FH| & MiSeq AlHY

DNA ZZ0|= MiFish RLIHA Z2to|H(Miya et al., 2020)7t AFRZ|ACH ZEAMICH A
HA(NGS) 2t0|E2{2] A2 2lsH 2CHAH PCR &&0| £™Z|UCH A #HA| PCR ©EE
22 F4Een, 2ue DNA HE&, 6wl 2X KAPA HiFi Ready Mix(KAPA
Biosystems, Inc., Wilmington, MA, USA), Z2f 0.36ul2| forward 2! reverse {L{HA =
2to|B{(10uM), 3.28ue SF+E EStULE 2 B PCR =7[= 98°COM 2027t #Hd,
65°COIIM 1527t Zg, 72°COoIM 1527 AE 353 gHE5t% 1, ORR[a ez 72°COofA
587t HAZSIYCE PCR ZIt= 1% OPIEA HOo|AM SHISHAECE PCR AMME22 20ul9
Ampure XP BeadsS A3l HAM|=/D, Tecan 800 pro2 =& ZZot & 20ng/u=
HZSIE|RUCEH = HRY PCRS 12w BFE22 2, 6ule| 2X KAPA HiFi Ready Mix, 3ue| &%
2 1ue fUHIZ FE QlElA ID(P5 [Nextera, S5, TuM] & P7 [Nextera, N7XX, 1TuM]),
Jdz2(n 1ue| BEetEl DNA S22 A-E ULt & HY PCRE A B PCR 2A2t
SYstLt, F718 1282 SUCH PCR & HH=2 Tecan 800 pro2 s =3s &
100ng/uZ H=3SIE|0] A|EAMO| AFEZRACE lllumina 2t0|E2{2|= MiSeq Reagent Kit
v3(600-cycles)E ARSI lllumina MiSeq 300PE ZS2iE(lllumina, San Diego, CA,
USA)22 A|AHASHRICE

212 3 48 U 22 3

NGS Al#H4Y Z3 =7 FASTQ It MiFish Ijo[Z d=3
ol £ 222 2459
o |

][]
s
)
w
Q
—
(@)
M
A
Q

(http://mitofish.aori.u-tokyo.ac.jp/mifish)2 =&
2018). O] H¥E 7|0z & EHEHIE dYHR1) 2
MEE A st 140bp O|¥el MEES RAISt7| et Z0| Ty AHE, ME

(m]

7] I3t B2 WE{Y(qalsity filtering) 230 ZEE|UZLICH B2 TefY U 22 7, 1
2| 2|4 47§ 2AHZ 0|40l AJBAD S2(310f 2348S UROD, ZE AlHAC EREH
SIS SHBIAUCE LASTN SAHHO| S2AEE Mo Thsl 97% DT ML 2557
L 7|0j2H(chimera)2 THCHEOf AQIS|YELICH T3, 29 AAZ ofsh 4 ChE20|M 2
25 DS 22 2E0M MAIYSUCH HEHIRY Clo[EM P E 222 AT X[
of zj2|a #el2 2Z5I0] HHEUCHEAL, 2017a, 2017b). 2U 32 $H| 52
(o2 st AR S OfF, FROIM 7I2E|R| 92 ofE, AH MAIZM BEE

(]
T2 AlQsiAtH=ad=atd 2, 2021, 2018).

2.2 gjojg] &M
221 oF 39 242

(o]
)
& 10719 A5y &F gar

el P AFEEIRICH, dESHY 3tE Hes & SREE(E )2
SECRA 210 HEE eDNA 2|E £)E 7[Btez AAME|QUCt 22|setd 2HF HIE ¢
ol pH, =2%(Temp, temperature), &AtA(DO, dissolved oxygen), A7|HE=LE=(Cond,

Conductivity)Q] 47tz =2 O7fHE-E A0 MEZ = YSI Pro Plus multiparameter &
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=2 AOIE £OM 12 W ZI2= LSO A
o, Zt X|del & 40| &AM =AY of 2|CtigrE 7tkICt BDTotal® LCBD(Local
Contributions to Beta Diversity)2t SCBD(Species Contributions to Beta Diversity) Zf=
HItot= O AFEZIRUCE LCBD 4t ZF Z|™O0| BDTotald| 7|0st= ACHA HlEZ LEHUY
o, 1.022 LHEICH Ol 2ZF X|del MEld =2dE BHEstct SCBD Alxes Z& A[Fo
M 708 Z0| & HEt -0l O|x|= 7|0{EE S45HH, & 2t HEHS LIEHHO}
HIEl CtYEdES & uAt SEE 20|12 &

0.3-21)2] beta.div.comp &+E AL25tUCH eDNA HEHHIZYS Saf €2 0 H|O[E{<t
=825 GI0|efE 7|¥t2Z Dissimilarity, Replacement (LCBDRepl), Richness Difference
(LCBDRich)E AHAStRCE  PodaniQl Jaccard R[S 223 Z|Z 27t Dissimilarity,
Replacement (LCBDRepl), Richness Difference (LCBDRich) Xl0|S & ZFs}lstSiCt,

>

223 871 24

HIAZ Ak A= (NMDS) fAMY 24(ANOSIM)Z2
AZH oo deks #A| fde AYAHYU =8 EAY + Ube 7HEES dSSHA.
NMDS 42 AZH 2o[7t & =golut UEY 2 2t A0[0f 0|zl FFE B7Ist|
floll +HZA20{, vegan R W7[R[E AtESIUCE Lo, Cks 2|7 =M= HIE} CHd

=
2 L3ig|QICH CHEREAMMES 517 98 R(Version 4.1.2)0)A CHA|
selection)2 Sl HHE MBSO, 2f B0l 24k MR A 5(VIF)?

St
3. g+ &4}

3.1 AZo| wpE o} cpkd Eot

eDNA OfEfHIEY ARt 20209 7€0l= & 1,958,6747H2] eDNA 2|E7L, 10¥€0=

o~
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3,761,228712] 2|=7t &ERI=|ULCt sS40, =0 =Y=[R| o2 HIERS, 84 tRZ(¢
ZHolM st S Aeet Zt, 282 70l  1,502,98371(93.4%), 10E€0=
3,511,6687 (76.7%)2 HA=|ACH Appendix Figure 2.1, Append|x F|gure 2.2). 780
= FMFt IIESF &, O|F 1430 41F, 27 12 18, Jd2(2 2 51 7Z0| &4
£5ACH 10E0= P ISR 12F 18, OfF 131 448, 27 6"} 8%, EREF 51t
7Z0| HZ5(9C}

o N
O*;_e
4HJN
O

3170 2|ZoIMel =& eDNA SAHE = 108€0| 7¥ECE 238 o =UCH E5H &
el & S+x 1020 603 (& +==0M =H0lE 385 ZehHez 739 4985 (% +F0M &
OlEl 2& EZEHEL O =2 Cigds 20 ogd 2 dE AHe 2ot HAFE(E 2
Fo)2 720 o =2 LEetgen, 78 Bd 15.916.9F (meantSD), 108 o 18.246.3
Z(meantSD)O|UCt. AFOM= St 7| 7822 HMEY AdE M 71| 3¢ RS
2 U0 AREE 22 Z0 B 42 BAGIYCL ZVHOR, & Y BF SR 2
=5 d=d 39 7t Stcte dgds 2L (Table 2.1)

Table 2.1 sPd st A& T2 71 8 £ s & 5 vl
Sampling sites and Sampling period

spatial classification of stream Jul (mean+SD) Oct (mean+SD) Total (mean+SD)
Upstream S15, S16, S22, S23, S24,
(10 sites) S25. S26, S27. S28, S31 10.8+6.9 13.8+5.3 12.3+6.3
Midstream S1, S2, S3, S17, S18,
(10 sites) S19. 820, S21, $29. S30 16.9+£5.3 19.3+4.6 18.1£5.1
Downstream S4, S5, S6, S7, S8, S9,
(11 sites) S10, S11, S12, SI13. S14 19.5+£5.2 21.3+6.1 20.4+5.7

3.2 Hj|ep Crdof| oigt 2 A F2| J|o

2. 7|8 LCBD (Local Contributions to Beta Diversity)? SCBD(Species
Contributions to Beta Diversity) 24 1l £ & 25 QR LA OfA A= Z2|Z1} Of
A0l AMAlst= SOl HIEF CFYEO  F2l0|5HA |040fE Ao=2  LIEIRCH o
(meantSD=0.032+0.018)2 7I2 (meantSD=0.032+0.015)2| &

H, Ol & AE &% s=2 & ¢4 SR 2E7F HEUS wl

2.1). £3] S16, S25, S26, S27, 53 o E2 dF AGo x|t HEY AH2 AL &
AQIOo| A|EAHe=z =2 LCBD #42 Bt g 2

=< LCBD 2 LERLH, E35] §EF S15 A2
C}.

ox

ORN

OFFHO| H|EF CHFFO 7|0fgt (SCBD)2 AlEo| w2} xt0|E = CHFigure 2.2).
SCBD zfe| Hel= 0.0010M 0.1267t4] X3, Ol= 9| HlEf Ttdd 7|0 =7t CFY
st2 LIEPHCH (7¥”: meantSD = 0.020 = 0.020; 10¥: meantSD = 0.017 + 0.012).
A2 2R0IM MAlSHE HE MEsk= Phoxinus oxycephalus (HEa)e & AE 2F ¢

_7_



MY £

2 Z0| H|3l =2 SCBD %2 7|123UCt. P oxycephalusOll 0|01 282} 570 MAISH= Of
F7t =2 SCBD U8 ERCL OoE20l= Zacco platypus @20}  Paramisgurnus
dabryanus (Z=0|12}R|), 7180l= Micropterus salmoides (Z2YUBIA)R}L Pseudogobio

esocinus (L2R2A))7t & 7|0Z22 LIEtGCE 0] ZAte QM £ 19| O{F7F AFel
st USS ERCH £GP dabryanus?t M.
ol 7|04st ez Eolg| ALY

—/

3l2 2|9 7to| Z7HA zjo|2 §+8|
salmoides?t Z& 22129 = A

(A)

|IO

37.550
37.550

37.500

37.500

37450
37.450

Legend
e 0.015-0.027

@ 0027 -004
004 -0.052
00052 - 0,064

@ 0.064-0077

. Strecam

37.400
37.400

37.350
37.350

B i < 0 2 4 k.mA
126 850 126,900 126950 127.000 126.850 126.900 126.950 127.000 N

Figure 2.1 UFH A W AEE LCBD vl (A) 74, (B) 104
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(A) Mammal Siscrofe NEE. 007 (B) Mammal Soserofa
' ) C.lupus
Clupus M 0.026
: i Fish G urotaenic
Fish T.obscyrys HEEE 0.025 S.gracilis
Zplarypus T (). Tobscurus
5 . R.giurinus
M.salmoides M 0.029 =
Z.plaiypus
Amacropterys R (.025 A hasta
Pparva W (037 "M.salmaides
+ A.macropterus
P.dabryanus IR (.039 t P
# P.dabryanus
G.strigatys EEEER 0.020 G.strigatus
C.carpio NEEEE (.030) C.carpio I July
Q.interrupia
Cinterrupta M 0.033 P
M.cephalus October
P.oxveephalus I .| *t.macrochivus
Ajaponica HEER 0.02] A.chankaensis
Carassius.sp
Rhinogobius.sp M (.09 i ‘!
P.oxyeephalus
M.anguillicandartys TR ()25 M.anguillicaudatus
M.mizolepis NEEEE ()35 M.mizolepis
y L haematocheila 0.023
Poesocings I 0.030 ;
P.esocinus = (.031
TCouvier; W= 0024 T cuvicri
O.yinensis M (036 O.sinensis 04029
Hemibarbus.sp =0 0.030
AT I 0.032
Cogrgiis Clorgys  TEETETEEETEED (1,029
AmpRep Psinensis M (023 Bird Poersicolor T 019
0 0.05 0.1 0.15 0 0.02 0.04 0.06

Figure 2.2 A A U AdE SCBD vl (A) 74, (B) 104

3.3 EM-FA tole{et S5 = CIOIES &% HE} CtFd 28 F uiet FF= 20|
|Hlo2 W|E} CIYMNS 2atst 21t Z gt

—

Zo| ZA-2A HoEt S2X HO|HE 7
Ctefd (BDTotal)0ll= AZEA 2t0[7t GilLt, H
Y

|
-

SO| ZHAE[ATt (Figure 2.3). £5], T SETIt &UfH2Z =2 10€0l= CHRAQ! THE O]
LIEFSECE

ZA-22H CIO[E{E ArEet =A0f|lA, BDTotal 2f=2 72 0.306, 10¥ 0.3142 LIE}GC]
l= 5% ZI0|(RichDiff, 57.0%, LCBDRich = 0.174)7} H|El CtAHo| =2 70 24

2 2Z3CE Ol 7&0 30| 42 AHS0| 0| 2 Yo REEHUY2= LIRSS 20
f

|
| 22 6871 2|d 2F 2= IHE (nested pattern)S d/stH ZA| H|EF Cf
f

rol
a
m
ox $
IN
o

ol A 204Ut BHH, 10%0l= & WAl (Repl; 59.9%, LCBDRepl = 0.188)7t HE
Chfdol £2 7|0f 242 SOIZQUCt Ol 108 =¢ A ¢t & 249 Bs0| 2 T 1
Aof ofs FAMSS UHEILHD, M2 CHE ™850l 1Rst & S Eest UASS EoE
Ct

Hellinger Bigts 4&% S5&= HO|EE AEE 240|M= BDTotal 20| 7& 0.267,
108 0.2692 UEIH2H, & € 2% S5&= AO0[(RichDiff)7t HEF Cha-dof 2[HiHel &
sk2 O|XCH (78 71.5%, LCBDRich = 0.191; 10¥: 69.3%, LCBDRich = 0.186). O|=
te S X £AQ AY ¢ T G2 B0 UAU2LL, SY FO| AKH22 Y5
0 O WA|ot 88 JAteE i B2 HAMSS AlAMeICh Eot, BB O¥ES A
g o SRS 2dlior g2 EOFH, & SFEQ 20|7F HIEl Cied 42| HSo
3 FgE DIHSS LEHHL
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A I B 1
(A) 0.9 L] July ( ) 0.9 ] duly
. [ October - ’ [ October
0.8 i ) 0.8 [
0.7 B 0.7
0.6 T 0.6
0.5 i 0.5
0.4 1 04 -]
0.3 - - 03
0.2 : - 02 ey
ol ; 01 G
0 . 0
Replacement RichDiff D Replacement RichDif] ]
(Turnover) (Nestedness) (Dissimilarity) (Turnover) (Nestedness) (Dissimilarity )
Jul ] Jul |
Oct | Oct I |
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
Percentage of total beta diversity Percentage ol 1otal beta diversity
B Rep! O RichDiff B gepl O RichDiff

Figure 2.3 #Ado]| & ®g} ohFd 2] 2. (A) £X] F (presence-absence) TO]E o] A]
&9 21t (B) 2% % (abundance) HoJEloA] =&% A},

3.4 H|Ef CjQFdat g Hay 7ho| 2t

SFC HOIHE 7[ge= ot HEl CHd et &F 201 o] tE oF &
d=24 4 Hd=24 2010| HEt Theg o welbet = DIXEt (Table 2.2). Est, H
Et Ch&rdof g Of Aol wat efls A2 LERT 780le =
Al 21 H[Z(RUN)O| H|EF Tt 2|4 (LCBD, LCBDRepl, LCBDRIch)2t R2lst HEEAZ
2ol g, 1080l= S5 (Abundance)@t st & (Width)0| Ol Z|4et Fofet ot
AS E20|0] Het Ciby Hsto] 22 20022 2ZC}

LCBD 2= st & (¥ HaatA

<
0.01)0 BEXOR YTS WYUCL BIB, BF MA(DO)Y 5 Y HIBRAQS 4T ¥
Bt = (o 2

Jx
Y
i)

N

DEZO
£2 A @IUCEH LCBDRepl2
A, p < 0.050 Fo0jst kS Bk

C}. 720l= LCBDReplO| ot ZFut 2o HoAAZ
< 0.001), 10€0|= O|2{3t ZA 7t B2 LIEtRCH =

S, ZA A9 HE

(RUr)2t 9| 422t (p < 0.05)5 2UCt. B, 10#0l= LCBDRich7t oty &t & 3
| AZEA (p < 0.05)E, 2=t E8%X (Abundance)2ts 89 4TA (p <

0.05) =t Ol OIEEM S0 &2 Ay (4 g2 7
0, 0| T2 AHEL HEF OFHol o 32 7IHUSS AlAtetCh 8, ZA[stE [0
Me S8 &2

Y1t sk =0

in rir

ro



MY £

Mz 3585 2017t Za3ict Ol WXt S8E7F =2 AHoM & #40| o 72etE
IHES LIEFHS 2|0|stot.

N

Table 2.2 A0 w2 g ofdut &3 Ha o) ofF o =2 23

July October
Estimate  Std. Error t value P-value Estimate Std. Error t value P-value
LCBD
(Intercept) 6.4.E-02 2.8.E-02 231  0.030% (Intercept) 4.5E-02 3.2E-02 140 0.175
Width 3.0.E-04 6.7.E-05 439  0.000%**  Width 2.0E-04 7.3E-05 2.66 0.014*
DEM 3.8.E-04 1.6.E-04 234  0.028%* Temp -1.3E-03 7.5E-04 -1.73  0.097
Temp -3.1.E-03 1.0.E-03 -3.02  0.006*%*  pH 5.6E-03 3.8E-03 145  0.159
pH 6.9.E-03 3.4.E-03 2.05 0.051 Cond -9.6E-06 7.3E-06 -1.31  0.202
Richness -6.7.E-04  5.2.E-04 -1.30  0.207 Abundance  -1.6E-04 6.6E-05 -2.42  0.024*
RUr -3.1.E-02  9.5.E-03 -3.23  0.004**  RUr -3.5E-02 9.4E-03 -3.73  0.001**
LCBDRepl
(Intercept) 5.5.E-02 24E-02 230 0.030* (Intercept) 7.5E-02 3.0E-02 2.52 0.018%*
Width 3.5.E-04 74.E-05 4.67 0.000¥** Width -2.4E-04 8.7E-05 -2.80 0.010%*
Temp -2.6.E-03 9.7.E-04 -2.65 0.014* pH -6.0E-03 3.7E-03 -1.64 0.115
pH 7.0.E-03 3.6.E-03 194 0.064 Richness 2.8E-03 1.5E-03 1.86 0.075
Richness -6.2.E-04 29.E-04 -2.13 0.043* RUr 6.5E-02 1.1E-02 5.93  0.000%**
RUr -2.5.E-02 1.0.E-02 -242 0.023* Abundance  -6.1E-04 2.5E-04  -2.42 0.023*
LCBDRich
(Intercept) 2.1.E-02 6.1.E-03 343  0.002**  (Intercept) 6.E-02 7.3E-03 8.50 0.000%**
Width -1.7.E-04 9.0.E-05 -1.88 0.070 Width 3.E-04 5.6E-05 4.56 0.000%**
Richness -1.3.E-03 39.E-04 -332 0.003**  Temp -2.E-03 53E-04  -3.30 0.003**
RUr 6.8.E-02 1.1.LE-02  6.07  0.000*** Richness 3.E-03 9.8E-04 3.09 0.005**
RUr -2.E-02 7.8E-03 -1.94 0.063
Abundance -5.E-04 1.7E-04  -2.92 0.007**
4. =2
4.1 AL AOAM HEL CHFEof| D|2|= &F Hyo F
= groMe ot aA9] HiEt THFF0] & SF&= AO0[(RichDiff)2t & 1A (Repl)
o =Fol olsff 2YECH= AS EQlstCt. AA Hlw &3t RichDiff HE2 7IHESECtH of
S0l o 37 L= LUACL HIEF ChEgel AZH Bots std &, ZAlst 29 HE, &
SFEeL Z2 200 o5 deks = A2 LIEIRCE 2Lt B} Chgol AlZA Hs}
£ 71e o, =2atstd F #HohEdh oftel O|Fe| dE FI(et 7|= SY& 1eddof
ST

A/, =W ol MASkE tiRE2 OFe = 0l s UEVIE 7Y, 7IE2
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3 AERZO Chat OfsHol Zolet

— M3
[
F28 2
N F24
% F34
Z
_ F4
' F15
F7
. Stress: 0.1414' ' |:|July
' | ANOSIM statistic R
£0.1654 (p < 0.01) BI [_J October
-3 -2 -1 0 1
NMDS1
Figure 2.4 743} 102 AEE AL A& A= Y vAT ORrE AAIY™ (NMDS, Nonmetric
Multidimensional Scaling) A (F, ol&, M, T 85 B, 22 UE)

eDNAS ArEet d=wd B7tet 0| A0 HEst= Hol= ¥ 7| A7t SAlst

Ct A, So 42 &&E2 SEZ A 8249 20[of dep g2t 4 ALE 2 A-H0lA
C

oH

S SAl 8t BEO| O{RE (o2 2 gaolM FZE SUBA 0/F Zojo|ns B8
S9o0, T2 M2 2220 ZMs MBHY ol JHHSIACH (Y. Kang et al,
2024; Kim and Song, 2021). O[2{3t 7He AR M22Y WE g0, XA Y 2 o

o
- o

Ef O 7|02 dSste Ol 7|05t §4 A58 tde=z of g4tz Zejo|Hz ¢l

ot e MiE0 dE2E & =50 & g2 012 & A, YF ZAF 21 DNA LHETF0

70% 0|4 HAE £ At (O'donnell et al.,, 2016; Schenekar et al., 2020). T2t &

-+ =40| XHget Zelo|HE /{dEist= 20

Krehenwinkel et al., 2017).

Z4+A0[Ct (Bustin and Huggett, 2017;

S O Bole dedez Z2-B2 HO|eE 7[Ete2 StA|2H, DNA 3= A& (o
eDNA 2[E)E &dll Azt SRS Prget dE0d AlLHo] O|F0f2Ict ZHE = A
otEl &Z0A eDNA SREE AHRUEl Z7(2 H|USHY d=2| e SREEE dg4
Z 2SI CHDI Muri et al., 2020; Sard et al.,, 2019). 12{Lt O|2{st HZ2YHS M= £
Lt otd &0 w2t £F 0| o BI7HE 7ts4d0| e, 42 SRES S d=54
o2 4+ ULt O|Z sif&st7| @l PCR S5 HIYS FFol0 277 Ydsty| 22 85
T= U 30 2 Ale-E 482 £ UCHNichols et al., 2018). Cfetez, HE|[ZHA
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ME

S A|ZHENA LW Af
Ct (Kadoya, 2009). +

A Ols 425 oSt MY MAZ]

B

| S E2] 0f

2 (Least Cost Path, LCP) &4

g3

A

A

Gl

<r
o

11

O AFREICH (Adriaensen et al., 2003). 2L +

=
—

Bl

| 2A| Ol B=2F MAMA| Af

H, 7l

85

Ofof|

A7t At (Liczner et al., 2024).

o

{2S AlSdt=

Z
o
=4 AZM(functional connectivity) B7t= &

i -

o)

oju

H
IH

{0

o

s

GOl

2 (species distribution models)O|Lt =tAt BEl(dispersal models)S

(Taylor et al., 2006).
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=
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C} (Foltéte et al.,, 2012; Vasudev et al., 2015).
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(Lintermans, 2016; Martin et al., 2007; Thomsen et al., 2012). £35|, &Y 23 MZS

01|*1 Cieo| S SA0| 422 &+ Us GEBIZE2 HF tyA| U BE=4S BIISH=C

Iotl, ¢l ME & dES =HZ Sle #4 PCRS 0|28t eDNA M2 =H d=2
£9 4 =82 4 QUCt (Harper et al., 2020).
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2.1 eDNA 24M: 2L utra) & OF 28 &
d 774 A
87 A|E), A=Al (A2 L X2 774 A H)O|A HESHYCt (Figure 3.1). MESH2 4% 8
ULRE 10L7A| I RUCEH ZF A[HO|M 990mIe| == 3712 Sterivex ZE(O.
)

32719 MEY A¥E UFEFAL & (5=d 1071 AH), sta(ild

==
30ml FAP|E A8 HEZSALE M F 2LH OFE S &Qlsty| {5 1742 S .:'1%%
2ot = 97719 MES +ASIULE LEHIE MEZ2 Ofo|AEMA0 23 = Hded= 2
HISE O, -20°COM E2st & eDNAE ZZE5IFCH eDNA MEL2 Qiagen DNeasy

Blood and Tissue KitE AI23{ ZE5I¥YCH, &= Nanodrop
2000c; Thermo Fisher Scientific, Waltham, MA, USA)E A3l A EFstotRCt

FE2 Y2 MA LUEE VR S22, 20 HES flsi gPCRE AMESHRICH £
S eDNA HAEES 2Ial Park et al. (2011)2 Kang et al. (2024)2] ¢I1E 7|EIC 2 ot &
£0|4 Z2l0|HE E&5IULE. gPCR S EE%% 5 w SYBR Green (Enzynomics), 1 ul
eDNA ®lZ3! 0.5 w EZQE Z2i0|H, 0.5 u 2/HA Z20|H, 3 uW 2E&4 22 ZEs
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£ 10 W2 THEQUCH PCR 2202 27| WA EA(94°C, 58), WN(94°C, 302), ZE
(50°C, 30%), AIZ(72°C, 302)2 353 Y=L ZE WS W] s 2N U
24 oz MBS EFSAUC0] 29.7 AOIZ (0.02 no/u) 014 SE ANE S4o= 2
Z3H9CH

2.1.2 HEERY 7|8 4R 23 7t

CH7 XY 8 &3 Y oF 28 A2 2ol MiFish FLUHA Z2t0|0E AtEsH0]
DEfHIRE S +HSIACHMiya et al, 2015). Al[Z4A Zi= MitoFish IHO[Z2tel
(http://mitofish.aori.u-tokyo.ac.jp/mifish)E AtEdl MU, BLASTN SAIZ7t 97%
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Table 3.1 T A4 24 29 U AAx Ay W15 AT 84 WS 2=

= X
Environmental factor Description Reference
Ecosystem Ecosystem type 2021 Urban ecological status maps
type Dist Forest Distance from forest
— (0.5km, 1km, 1.5km, 2km, 2.5km) _ _
Dist f d Daegu Metropolitan city
; 1stance Irom roa https://www.daegu.go.kr
Dist_Road (0.1km. 0.3km, 0.5km, 0.7km, Tkm) P gu.go.kr)
. Distance from water
Dist_Water (0.5km, Tkm, 1.5km, 2km, 2.5km)
Precipitation  Precip Average precipitation of 2022
Temperature  AyrLowTemp Average lowest temperature of 2022  Korea Meteorological
Administration
AvrTemp Average temperature of 2022 (https://www.kma.go.kr)
AvrHighTemp Average highest temperature of 2022
Population Popul Population size
.. . National Geographic
DEM DEM Digital elevation model Information Institute
Slope Gradient based on a digital elevation  (https://www.ngii.go.kr)

Slope model
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§ A Cycle threshold
o | @ 247-26
wy -
i =
‘ ‘PON @ 2-212
o @ 272-284
L1 O 284-297
@ Negative

Urban Ecological Status Map
Public Use Area
Residential Area
Mixed Residential-Commercial Area
| Commercial and Business Area
B Utility Processing Facility Area
I [ndustrial Area
B Streams
B Lakes and Wetlands
Daegu district boundary

35°49.200

0 2 4 km
128231.200" 128°35.400' 128%39.600"
Figure 3.3 qPCR 7|8t & A% A3} U Cycle threshold Z1t
3.2 H4=4 4 Mz Q0lo] 2 EX0| 0[x|= g
eDNA #Z ZTZ 7|02 3 Z 22X DHA(MaxEn) 2AOIM, Y Hpzs
AUC 20| 09922 =2 = ERCt 2 &3 Hay SO0|AM defjA RH0| L= 7+

—_

= 92 0|H2H, 7|0 = 46.2% = LELHC (Table 3.2). OAGSe2= =229 AH2|
(12.5%)2t 2+ (11.4%)0| IS O[ZCE AP MARZ FIE XF92 AtAstgel At
H(14.9%)2t & (10.5%)=EC ofL2t, W& At (16.9%)2F FHA|l (11.5%) &2 9
e ZE(QUCE (Figure 3.4). 2Lt Of2{st QSHEE A MAZ=Z EHEETI| OH
MAIZ| 2t 0|0 dEe= 85U QIZt #3ie| 48 XFez J|sT 7tsdo| acr
=0, =A07t gle =2 (19.24km") & F=21& (0.52km*) QIZ0AM 2EZ} &
At 2|80 RE|H, 1& OHIHE ©Z| (4.08km?) L =M FHZA| (5.49km*)0M=

L gl Y 30| o .
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Table 3.2 2@ AA sH4 ¥4 percent contribution @ permuation importatnce

Variable Percent contribution (%) Permutation importance
Ecosystem type 46.2 12.6
Dist road 12.5 47.4
Precip 11.4 1.9
Dist_water 9.2 33.2
Slope 9.1 0.9
AvrTemp 7.8 2.3
AvrLowTemp 1.5 0.2
AvrHighTemp 0.7 0.1
Dist_forest 0.7 0.1
DEM 0.7 0.9
Population 0.3 0.3

12.14

Area percentage (%)

Categories of Urban Ecological Map
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Table 3.3 A|& & olfaA o= X &4 oF
Study sites Diversity(H) = Dominant sp. Study sites Diversity(H) Dominant sp.
PDW* 3.07 P. oxycephalic SC1 3.16 P. oxycephalic
PKH 3.19 P. oxycephalic SC2 3.14 P. oxycephalic
PNJ 2.77 P. parva SC3 3.24 P. oxycephalic
PON 3.01 P. oxycephalic SC4 3.22 P. herzi
PSD 3.14 P. oxycephalic SC5 3.1 P. herzi
PSG 3.1 P. oxycephalic SCé6 33 P. parva
PSS 3.01 P. oxycephalic SC7 3.11 P. parva
KH1 3.19 P. oxycephalic BCC1* 2.99 P. parva
KH2 3.3 P. parva DHSI1 3.16 P. oxycephalic
KH3 3.24 P. oxycephalic  DMSI1 3.07 P. oxycephalic
KH4 2.96 P. oxycephalic DMS2 2.79 M. mizolepis
KH5* 3.37 P. parva DMS3 3.27 P. parva
KH6 2.95 P. parva DSS1* 3.11 P. parva
KH7 3.36 P. parva UES* 3.21 P. parva
KHS8* 3.27 P. oxycephalic  YGS 3.22 P. oxycephalic
KH9* 3.25 P. parva
KH10 3.27 P. parva *  FEurasian otter non-detection sites
3.3 i) MAZ] =5 U MAZ] A28 =4
MaxEnt 2% ZEO| cloglog XIS 0.0262=2 HYst ZAu, i HA Y =
14.2% (125.17km")7t Agt MAIZZ, UHA| 85.8% (753.22km")7t BAE A Hez 27
At MAZA A oSt 9 25% (G54t > 0.21)0 sligste A & za HAHO|
50,000m° O|4Q! 2SS Al MAIZ HX|2 MHBHHOD, & 77700 sl MAZ TH|7} A
He| ATt (Figure 3.5).
0 5 10 km 0 5 10 km
[ — [ — A
E
. 3 }r;l i wlq‘ :
" A
= [_VT = 2
4
—_—
Daegu city boundary ; - gaggu city bf)ugfary
MaxEnt prediction value f— sz;:: gSisttl::re ;;rca
0 [ Hl Core habitat area
128°24.000' 128°36.000" 128°24.000' 128°36.000'
Figure 3.5 (&) F7AHA MAX] A o5 . Aol =225 A AF A9d (8) 9 ol o
o Al9e NY-RATOR BRI AR MY uloldel W,
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Appendix Table 2.1 Species list from eDNA metabarcoding used in diversity analysis
. https://drive.google.com/drive/folders/1rs_mYVg]9Galcp9FgxBT5dd8iCeXEEi-?usp=drive_link

Appendix Table 2.2 Species excluded from eDNA metabarcoding analysis
. https://drive.google.com/drive/folders/1rs_mYVg]9Galcp9FgxBT5dd8iCeXEEi-?usp=drive_link

Appendix Table 2.3 Species excluded from eDNA metabarcoding analysis

July

Variable AUC

LCBD Width + DEM + Temp + DO + pH + Cond + Richness + RUr + RAg + Abundance  -290.28

Width + DEM + Temp + DO + pH + Cond + Richness + RUr + Abundance -292
Width + DEM + Temp + DO + pH + Cond + Richness + RUr -293.73

Width + DEM + Temp + DO + pH + Richness + RUr -294.3
Width + DEM + Temp + pH + Richness + RUr -294.36

LCBDRepl Width + DEM + Temp + DO + pH + Cond + Richness + RUr + RAg + Abundance  -280.79
Width + DEM + Temp + DO + pH + Cond + Richness + RUr + Abundance -282.77

Width + Temp + DO + pH + Cond + Richness + RUr + Abundance -284.66

Width + Temp + DO + pH + Cond + Richness + RUr -286.45

Width + Temp + DO + pH + Richness + RUr -287.65

Width + Temp + pH + Richness + RUr -289.14

LCBDRich Width + DEM + Temp + DO + pH + Cond + Richness + RUr + RAg + Abundance -258.33
Width + DEM + Temp + DO + pH + Cond + Richness + RUr + RAg -260.31

Width + DEM + Temp + DO + Cond + Richness + RUr + RAg -262.3

Width + DEM + Cond + Richness + RUr + RAg -266.24

Width + DEM + Cond + Richness + Rur -268.09

Width + DEM + Richness + RUr -270.01

Width + Richness + Rur -271.75

October

Variable AUC

LCBD Width + DEM + Temp + DO + pH + Cond + Richness + RUr + RAg + Abundance -276.24
Width + DEM + Temp + DO + pH + Cond + RUr + RAg + Abundance -278.18

Width + DEM + Temp + pH + Cond + RUr + RAg + Abundance -280.13

Width + Temp + pH + Cond + RUr + RAg + Abundance -281.99

Width + Temp + pH + Cond + RUr + Abundance -283.05

LCBDRepl Width + DEM + Temp + DO + pH + Cond + Richness + RUr + RAg + Abundance  -265.51
Width + DEM + Temp + DO + pH + Richness + RUr + RAg + Abundance -267.51

Width + Temp + DO + pH + Richness + RUr + RAg + Abundance -269.51

Width + Temp + pH + Richness + RUr + RAg + Abundance -271.37

Width + pH + Richness + RUr + RAg + Abundance -272.57

Width + pH + Richness + RUr + Abundance -273.57

LCBDRich Width + DEM + Temp + DO + pH + Cond + Richness + RUr + RAg + Abundance -292.74
Width + Temp + DO + pH + Cond + Richness + RUr + RAg + Abundance -294.74

Width + Temp + DO + pH + Cond + Richness + RUr + Abundance -295.93

Width + Temp + DO + pH + Richness + RUr + Abundance -297.74

Width + Temp + DO + Richness + RUr + Abundance -298.55

Width + Temp + Richness + RUr + Abundance -298.62
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