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Abstract: In order to establish an effective management strategy for invasive species early detection
and regular monitoring are required to assess their introduction or dispersal. Environmental DNA
(eDNA) is actively applied to evaluate the fauna including the presence of invasive species as it has
high detection sensitivity and can detect multiple species simultaneously. In Korea, the applicability
evaluation of metabarcoding is being conducted mainly on fish, and research on other taxa is
insufficient. Therefore, this study identified the feasibility of detecting invasive species in Korea using
eDNA metabarcoding. In addition, to confirm the possibility of detection by taxa, the detection of
target species was evaluated using four universal primers (MiFish, MiMammal, Mibird, Amp16S)
designed for fish, mammals, birds, and amphibians. As a result, target species (Trachemys scripta, 3
sites; Cervus nippon, 3 sites; Micropterus salmoides, 7 sites; Rana catesbeiana, 4 sites) were detected in
17 of the total 55 sites. Even in the selection of dense sampling sites within the study area, there was
a difference in the detection result by reflecting the ecological characteristics of the target species.
A comparison of community structures (species richness, abundance and diversity) based on the
presence of invasive species focused on M.salmoides and T.scripta, showed higher diversity at the
point where invasive species were detected. Also, 1 to 4 more species were detected and abundance
was also up to 1.7 times higher. The results of invasive species detection through metabarcoding
and the comparison of community structures indicate that the accumulation of large amounts of
monitoring data through eDNA can be efficiently utilized for multidimensional ecosystem
evaluation. In addition, it suggested that eDNA can be used as major data for evaluation and
prediction, such as tracking biological changes caused by artificial and natural factors and

environmental impact assessment.

Keywords: Invasive species, Next generation sequencing, Metabarcoding, Biological monitoring,
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Figure 1. Map of the study area and image. YS, Yeouido Sategang Ecological Park (14 sites); AY, Anyang stream (15 sites);
GU, Gulup-do (9 sites); CW, Chungcheongnam-do rice paddy wetlands (19 sites).

Table 1. Coordinates of sampling sites and results of water quality measurement

. Water quality parameters Coordinate

Sites Sampling Temp DO Cond . .

date 0) (mgL") | (uScm?) Sal pH Longitude Latitude
Gulupdo (Formosan deer, Cervus nippon taiouanus)
WTI10 - - - - - 125.9778 37.1928
WT11 - - - - - 125.9810 37.1928
WT9 - - - - - 125.9737 37.1927
C6 - - - - - 125.9665 37.1869
C7-1 21.08.26 - - - - - 125.9709 37.1879
C7-2 - - - - - 125.9710 37.18788
C7-3 - - - - - 1259712 37.18797
Pudl - - - - - 125.9673 37.18639
Pud2 - - - - - 125.9825 37.19287
Anyang stream (Largemouth bass, Micropterus salmoides)

S1 9.7 10.51 516.6 - 7.85 126.9724 37.34816
S2 8.1 10.73 534.0 - 7.86 126.9562 37.36351
S3 14.8 6.22 681.0 - 7.23 126.9456 37.37318
S4 12.0 9.38 681.0 - 7.88 126.9315 37.39739
S5 20.10.24 11.1 9.77 680.4 - 7.94 126.9148 37.40980
S6 142 16.60 662.0 - 9.23 126.8960 37.40367
S7 18.2 7.44 672.0 - 7.12 126.8956 37.41841
S8 18.5 10.29 687.0 - 7.29 126.9008 37.43869
S9 18.5 9.84 669.0 - 7.36 126.8910 37.45816
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Table 1. Continued
Water quality parameters Coordinate

Sites Sampling Temp DO Cond . .
date 0) (gL | (S cm) Sal pH Longitude Latitude
S10 17.5 10.32 680.0 - 7.59 126.8772 37.47483
S11 16.3 8.62 679.0 - 7.71 126.8706 3749218
S12 159 10.66 662.0 - 7.92 126.8736 37.50847
S13 15.5 10.64 646.0 - 7.74 126.8798 37.52391
S14 14.0 8.45 654.0 - 7.70 126.8871 37.53965
S15 12.9 6.49 634.5 - 7.54 126.8771 37.55331

Chungchungnamdo (American bullfrog, Rana catesbeiana)
CWlI - - - - - 127.2162 36.92231
Cw2 214 10.32 460.43 0.22 7.72 127.1000 36.86866
CW3 204 7.28 289.03 0.14 7.98 126.9971 36.89619
Cw4 22.7 11.46 114.40 0.05 8.49 126.2729 36.85021
CWs 21.6 9.78 297.63 0.14 9.14 126.2872 36.82441
CW6 22,6 6.01 326.70 0.16 7.63 126.3079 36.89586
CwW7 19.8 8.75 328.03 0.16 7.80 126.1978 36.83307
CW9 18.6 4.07 297.07 0.14 7.63 127.0042 36.75748
CW10 - - - - - 127.5543 36.15309
CWI1 22051819 19.0 10.20 262.07 0.15 8.38 127.5340 36.13721
CW12 18.6 12.95 90.03 0.04 7.84 127.4605 36.08862
CW13 174 5.67 164.56 0.08 8.27 126.4296 36.82993
CW14 - - - - - 126.4119 36.95936
CWI15 17.6 5.45 364.50 0.18 7.38 126.5207 36.94516
CW16 17.5 4.12 777.00 12.92 7.21 126.7367 36.91948
CW17 18.6 5.00 143.76 0.07 7.23 126.7845 36.88839
CW18 - - - - - 126.7764 36.87502
CW20 25.5 5.45 167.87 0.08 7.28 127.2491 36.26105
Yeouido Saetgang Ecological Park (Red-eared slider, Trachemys scripta)

YS1 21.33 7.04 313.70 0.15 7.82 126.9201 37.51870
YS2 17.30 7.34 28597 0.14 7.44 126.9201 37.51804
YS3 17.90 7.35 284.20 0.14 7.81 126.9159 37.52138
YS4 21.07.05 18.57 6.59 27543 0.13 7.57 126.9129 37.52518
YSS 19.63 7.08 294.80 0.14 7.68 126.9283 37.51586
YS6 19.50 1.73 346.53 0.17 7.34 126.9392 37.51730
YS7 20.53 5.04 326.60 0.16 7.54 126.9110 37.52942
YT1 - - - - - 126.9302 37.51635
YT2 - - - - - 126.9215 37.51834
YT3 - - - - - 1269117 37.52779
YT4 21.09.04 - - - - - 126.9175 37.52048
YT5 - - - - - 126.9129 37.52607
YT6 - - - - - 126.9261 37.51700
YT7 - - - - - 126.9315 37.51664

* Temp, Temperature; DO, Dissolved oxygen; Cond, Conductivity; Sal, Salinity
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Table 2. List of universal primers applied for identifying fauna in this study

Target Primer Seqeunce Ampl}ﬁed Reference
Taxa region
MiFish_F TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG
Fidh (forward) NNNNNN GTCGGTAAAACTCGTGCCAGC Miya et al.
MiFish R GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG (2015)
(reverse) NNNNNN CATAGTGGGGTATCTAATCCCAGTTTG
MiBird-U ACACTCTTTCCCTACACGACGCTCTTCCGATCT
_ (forward) NNNNNN GGGTTGGTAAATCTTGTGCCAGC Ushio et al
Bird - 12S rRNA ’
MiBird-U GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT (2018)
(reverse) NNNNNN CATAGTGGGGTATCTAATCCCAGTTTG
MiMammal U ACACTCTTTCCCTACACGACGCTCTTCCGATCT
(forward) NNNNNN GGGTTGGTAAATTTCGTGCCAGC Ushio et al.
Mammal
MiMammal U GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT (2017)
(reverse) NNNNNN CATAGTGGGGTATCTAATCCCAGTTTG
il I 102 ACGAGAAGACCCYRTGGARCTT
_ (forward) Sakata et al.
Amphibian T 16SIRNA | 2002
Amph_165 13508 ATCCAACATCGAGGTCGTAA
(reverse)
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Figure 2. Map of eDNA sampling sites. Each site is marked

with a circle and its presence location is colored. Color

codes correspond to target species (detected species).
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A& Adof| YIS A BR B F& vt A5
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Table 3. Invasive species detected by universal primers in study area

Study area and applied primer

Target species
(Family, Scientific name)

AY CW YS

MB* [ MM* MF* | Amp*

MF* \ MB* \ MM*

Mammals
Cervidae ‘ Cervus nippon’ ‘ o ‘ ‘ - ‘ - ‘ - ‘ B ‘ _
Fish

. Micropterus salmoides’ o o o o o o
Centrarchidae

Lepomis macrochirus o o - o o -

Cyprinidae Carassius cuvieri o o - o o o
Cobitidae Paramisgurnus dabryanus - o - o - o
Amphibians
Ranidae Lithobates catesbeianus® ‘ - ‘ ‘ - ‘ o ‘ - ‘ - ‘ -
Reptiles
Emydidae Trachemys scripta® o - - - o -
Geoemydidae | Mauremys sinensis - - - - o -
Trionychidae Pelodiscus sinensis - o - o - o

§, Target invasive species in this study

*, MF, MiFish; MM, MiMammal; MB, MiBird; Amp, Amph16S
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Appendix 1.

Itoh S, Yukami R, Ishikawa K, Guo C,
Ijichi M, Hyodo S. 2022. Comparison of
species-specific qPCR and metabarcoding
methods to detect small pelagic fish
distribution from open ocean environmental
DNA. PLOS ONE, 17(9), ¢0273670. https://
doi.org/10.1371 /JOURNAL.PONE.0273670

The list of detected species by taxonomy through eDNA survey in this study

Taxa Scientific name st 52 s3 ] S5 6 57 S8 59 10 St siz E) Siq S15

Amphibians and reptiles Pelodiscus sinensis 377 ” 231

Fish Onyzias sinensis 951 33 21
Anguilla japonica 29 268 298
Tachysurus fulvidraco 205
Lepomis macrochirus 76 251 4660 585
Micropterus salmoides 241 3442 795 1880 15589 436 722
Channa argus 2543 an 1026 299 19930 3034 860 3094 309 7489 5307 1106 3721
Misgurnus mizolepis 1729 1516 281 723 723 144 19 757 673 396 490 369 501
Paramisgurnus dabryanus 989 78 87 456 156
Acheilognathus chankaensis 106 510 474 955 1537
Nipponocypris temminckii 45
Squalidus gracilis 688 1508
Acheilognathus intermedia 641
Acheilognathus rhombeus 106
Pungtungia herzi 13
Carassius cuvieri 7 64 39 154 93 166 79
Pseudogobio esocinus 152 1724 459 9118 15653 3683 1186 1589 205 303 209 152 920
Abbottina rivularis 165
Rhynchocypris oxycephalus 28021 2855 14 23 78 17 12 1376 15
Carassius auratus 27 29 21 29 28 21 27 46 31 59 15
Cyprinus carpio 432 1115 979 183 338 2039 809 816 716 846 544 612 686
Gnathopogon strigatus 1368 5733 1529 1499 2720 1462 642 1503 492 697 92 834
Pseudorasbora parva 19 6927 44759 49306 47927 22003 44467 91976 59343 31392 43688 41361 40172 58852 32523
Acheilognathus macropterus 104 2367 573 48 6108 1680 3276 334 942
Zacco platypus 34864 34554 38503 41404 36809 76030 32657 28372 25338 10592 16889 10031 3421 28 2359
Rhinogobius giurinus 2 250 20
Tridentiger obscurus 2417 695 6922 416 942 592 713 722
Gymnogobius urotaenia 1446 840 448 467 154
Gymnogobius breunigii 688
Tridentiger trigonocephalus 215 1721 4668 10493
Gymnogobius opperiens 527 1301
Acanthogobius hasta 136 446 358 1265 659
Liza haematocheila 1043 20806 70673 38483 52008
Lefua costata 28
Odontobutis platycephala 50
Odontobutis interrupta 38275 28745 6662 22969 6109 71189 8295 30120 3803 2891 4463 3136 1274
Micropercops swinhonis 116 463
Plecoglossus altivelis 246
Silurus microdorsalis

Birds Anas crecca 20
Columba livia 19 44
Pica pica 69 2
Phoenicurus auroreus 20
Phasianus versicolor 440 134 206 213 412 362

Mammals Bos indicus
Capra hircus
Canis lupus 95 162 26 333 437 145
Felis silvestris 21 419 42
Mus musculus 107 33
Rattus norvegicus 31 44 26 20
Sus scrofa 172 1896 636 302 27 1242 1577 F17) 517

“The total number of species 12 13 14 13 15 12 17 13 15 3 20 25 18 13 14
The total number of eDNA reads 104844 85793 95693 136880 113845 178444 113352 167737 110092 57983 78701 97375 130312 107172 108536

(a) Anyang stream
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Taxa Scientific name YS1 YS2 YS3 YS4 YSS YS6 YS7 YT1 YT2 Y13 YT4 YTS YT6 Y17
Amphibians and reptiles  Bombina orientalis 84
398
an 1092 12116 1138 2248 2n
67 217 18
Fish Abbottina rivularis 34 436 146 44 155
Acanthogobius hasta 553 332 32 kA 4 m
Acheilognathus chankaensis 248 1710 1927 487 437 4282 4848 24 723 812 1
Acheilognathus intermedia 601 41 120 258 100 201 795 703
Acheilognathus macropterus 157 42 114 87 39 765 312 9 5
Acheilognathus rhombeus 25 ki) 14 4
Anguilla japonica m 54 50 165 80 140 672
Carassius auratus 920 2033 2238 1514 921 1087
Carassius cuvieri 31034 41904 63 37044 11519 16000 19228 2227 258 439 337 522
Channa argus 887 330 2851 3319 104 1023 2849 26 360 5834 21
Coilia nasus 36 776 4
Cyprinus carpio 42110 30517 73083 25966 25251 10783 12166 147 2492
Gymnogobius breunigii 15
Gymnogobius opperiens 553 13 136 3201 as1
Gymnogobius urotaenia 30 60 a3 56 4
Lateolabrax maculatus 102 153 93 40
Lepomis macrochirus 1 145 239 237 245 8 4
Liza haematocheila 543 53 25 127 196 199 1258
Micropterus salmoides 57 2690 17 37 135 29 9 14 309
Miichthys miiuy 38
Mis 69 14 81627 4415 231 434 761 2mn 19571
688 149 21 313 361 39 5583 8 s 1
Odontobutis interrupta 17 86 9012 131 9 ” 10 46 1467 5 24 21
Odontobutis platycephala 82
Onyzias sinensis 238
Paramisgurnus dabryanus 21 25 2322 197
Pseudogobio esocinus 69
Pseudorasbora parva 390942 498566 468920 508592 510971 365662 403317 552 4742 634 6336 1509 242
Rhinogobius giurinus 7004 9739 4060 5470 5209 10205 8475 17 4219 6783
Rhodeus uyekii 1”7
Rhynchocypris oxycephalus 250 178
Sarcocheilichthys soldatovi 32 35
Silurus asotus 1335 443 9% 516 986 704 2845 33 301
Siniperca scherzeri 127 135 775
Squalidus gracilis 37 134 333 26 450 191
Squalidus japonicus 13
Tachysurus fubvidraco 6
Tridentiger bifasciatus 5769 2
Tridentiger obscurus 2390 1134 10981 5121 4127 40377 19761 58 43897 4 34015 29 27
Tridentiger trigonocephalus 1237 195
Zacco platypus 10201 13518 6980 7170 9230 19304 23347 2989 196
Birds Columba livia 950 263 7764 8759
Cyanopica cyanus 183
Gallus galius 11265 1638 159 8652 12493 4023 887 934 2110 249 19608
Parus major 756 5 654 1680
Passer montanus 14 11869 331675
Phalacrocorax carbo 307 2212
Phasianus versicolor 2019 3659 1233 1782 936 5071 5224
Pica pica 1526 4629 18 1867 70688 23811 8024 1628 29521
Pycnonotus sinensis 14
Mammals Canis lupus 220 6 120 4 235 4 142
Capra hircus 1571 341 26
Felis silvestris 6
Hydropotes inermis 53
Mus musculus 543 30 43 m 207 249 245 1680 689 258 1618 220
Nyctereutes procyonoides 587 1671 40
Rattus norvegicus 652 488 22 3198 362 78 904
Sus scrofa. 9278 2166 163 1812 2763 2572 4863 61 21 2993 1471
The total number of species 41 33 32 26 27 34 35 19 24 10 24 6 13 16
The total number of eDNA reads 523438 610878 601373 610300 598569 489332 514432 92188 82682 86265 83920 9705 15315 413014
(b) Yeouido saetgang ecological park
Taxa Scientific name w1 w2 w3 CW4 CWs5 CW6 w7 w9 CW10___Ccwil CWI2 CWI3 CWI4  CWIS  CWI6 _CWI7 __CWIS8 CW20
Amphibians and reptiles Bufo gargarizans 3 7
Drvophytes suweonensis 300 225
Hynobius leechii 86 4
Lithobates catesbeianus 65 16 28 95
Pelophylax nigromaculatus 47 2226 10 229
Rana coreana 16 90 6 65
Fish Onyzias latipes 1 5 36 3653 120 1
Aix galericulata *
Tatia intermedia 155 32 20 78 385 2
Micropterus salmoides 18
Channa argus 3 22 89
Misgurnus anguillicaudatus 61 2081 7
Carassius auratus 63 32 y ; 74 87
Carassius cuvieri 313
Cyprinus carpio 210 12
Pseudorasbora parva 5
Zacco platypus 46
Rhinogobius brunneus 2 2
Pseudorashora interrupta 15 12 4
Phoxinus oxycephalus 30
Odontobutis potamophila 68 8 13
Monopterus all 41 3 14
Birds Anas platyrhynchos 2
Passer montanus 2
Mammals Rattus norvegicus 39
Sus scrofa 48 1
The total number of species 0 6 6 3 6 6 8 4 2 ¥ ] 1 4 4 3 3 3 2 2
The total number of ¢DNA reads 0 774 137 88 40 197 710 3775 134 76 4 2171 2736 i1 14 170 53 454

(c) Chungcheongnam-do rice paddy wetlands



Taxa Scientific name C6 €71 c12 13 Pudl Pud2 WTI1 WT10 WT9
Amphibians and reptiles Trachemys scripta 326
Fish Channa argus 4
Liza haematocheila 683
Acheilognathus chankaensis 5
Rhinogobius giurinus 4 4 15 72
Tridentiger obscurus 186 4 185
Carassius gibelio 8 535 4 102
Squalidus gracilis gracilis 126
Acheilognathus rhombeus 3162
Oryzias sinensis 55
Carassius cuvieri 26
Acanthogobius flavimanus 107
Tridentiger bifasciatus ] 8 51 78 104367 16244 10
Rhynchocypris oxycephalus korea 712
Odontobutis interrupta 774 6 70 3 47
Cyprinus carpio 10796 9629 8126 1523 250 298 1288 2451 3022
Micropterus salmoides 2
Zacco platypus Korea 4
Silurus asotus 7
Misgurnus anguillicaudatus 5
Birds Pica pica 5 66
Passer montanus 8 5 5 5
Mammals Cervus nippon 13 221 13
Mus musculus 2014 111 83 8 2 480
Bos primigenius 9 10184 6
Canis lupus 517
The total number of species 12849 12915 11055 3857 114830 17359 1771 3292 3326
The total number of ¢DNA reads 7 5 10 5 3 10 9 7 4

(d) Gulup-do

Appendix 2. Comparison of mammal detection results by Mimamal and Mibird primers in Yeouido saetgang ecological park
(YUD) and Gulup-do (GU).

MiBird MiMammal

Sites Species The number of The number of

detection site The average number of reads detection site The average number of reads

Canis lupus ) 96 2 34
Capra hircus 2 956.0 - -
Felis silvestris 1 6.0 - -
YUD  Hydropotes inermis 1 53.0 - -
(14ssites)  Mus musculus 12 466.3 V; 40.3
Nyctereutes procyonoides 2 1084.0 2 41.5
Rattus norvegicus Z 619.7 6 190.8
Sus scrofa 9 2993.0 S 42.0
Cervus nippon 2 1117.0 1 13.0
GU Mus musculus 2 971.0 5 59.2
(10 sites)  Bos primigenius 2 5096.5 1 6.0

Canis lupus 1 517.0 - -




