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A framework for standardizing the processes of eDNA monitoring and an accessible
vision of the future”
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Abstract: Environmental DNA (eDNA) is DNA extracted from any type of environmental sample (e.g. water, soil, sediment,
air, mixture, etc.) , which is a DNA mixture originated from different species and individuals, distinguish from a pure DNA sample
extracted from a particular organism. eDNA monitoring refers the processes that 1) extracting DNA sample from environmental sam-
ple, 2) using definite species-specific primers or meta-barcoding primers to amplify and sequence eDNA sample, 3) clustering the
operational taxonomic units (OTUs) and identifying their taxa against reference databases, 4) calculating the relative abundance of
each OTUs/ species and other biodiversity indexes, 5) analyzing the corresponding ecosystem structure,, processes or function. Ac-
cording to eDNA monitoring, a definite species (or other taxonomic units) in the sampling site could be identified, and the biologi-
cal information about species composition, community structure, ecosystem processes, ecological function of the research area could
be collected. eDNA monitoring has been applied in monitoring and early warning definite species, investigating and assessing biodi-
versity, detecting and analyzing community structure and function, studying and quantifying ecosystem processes and so on. eDNA
monitoring could work in any type of environmental scene where there is unidentified DNA trace, such as in terrestrial environ-
ment, aquatic environment, air environment, body surface, organism (inner) surface and so on. As an emerging tool for documen-

ting species presence without direct observation, allowing for sensitive and efficient detection, easy-to-standardize sampling and an-
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alyzing approach, comprehensive taxonomic groups coverage, less reliant on taxonomic expertise and auditable by third-party re-
searchers, eDNA monitoring would be a prospective general method for species monitoring, community function predicting and eco-
system processes analyzing in future. Moreover, the objective scope of eDNA monitoring covers all environmental conditions and all
biological taxonomies. However, to realize the prospective application vision of eDNA monitoring, there are ten crucial links that
need to be standardized at both general level and definite level. 1) Design of duplicated samples for a region with definite environ-
ment conditions. The number of duplicated samples could be generally identified just using species accumulation curves. 2) Design
of sampling time for a region with definite environment conditions. The interval of sampling time could be generally identified by
quantifying the degradation ratio or the retention time of the eDNA from different taxonomic organisms in definite environment con-
ditions. 3) Design of sampling sites for a region with definite environment conditions. The distance of sampling sites could be gener-
ally identified by quantifying the effective transportation distance or the spatial heterogeneity of the eDNA from different taxonomic
organisms in definite environment conditions. 4) Design of sampling method. For different study areas, objects and aims, there are
different optimal sample types (water, soil, sediment or other samples). Don’t combine different duplicated samples, or some rare
species would be omitted because of their too weak signals. 5) Pretreatment of samples. Pretreatment of samples mainly refers filtra-
tion of water samples. It’s suggested that filtering water samples should use finer millipore glass fiber filter. Don’t remove large parti-
cles by prefiltering water sample, or some species signals could be removed. 6) Storage of samples. It’s suggested that samples
could be stored at -20 or -80 centigrade, except water samples. Water samples should be kept cool in ice bath and be filtered as
soon as possible. 7) Choosing of primers. The primers of metabarcoding of the 16S rRNA gene are widely used for detecting bacteria
and archaea. The primers of metabarcoding of the ITS and 18S rRNA genes are widely used for detecting fungi. The primers of me-
tabarcoding of the mitochondrial COI, 12S rRNA and Cyz b genes are widely used for detecting metazoan. Metagenome is another
choice for identifying species. 8) Experiment processes of DNA extraction, amplifying, sequencing and analyzing. As the experi-
ment processes are more and more tending to be processed by commercial biolabs, a set of general experimental parameters is nee-
ded. 9) Taxonomic identification of OTUs. Good reference databases, either comprehensive reference databases or local customiz-
able reference databases, are required. 10) Post-evaluation of results. Post-evaluation of results mainly pays attention on whether
the number of duplicated samples is sufficient, whether the frequency of sampling is suitable, whether the spatial distance between
sampling sites is suitable, whether the taxonomic identification of OTUs is accurate. Until now, there is no theoretical difficulty in
standardizing these ten crucial links. Now, the mainly work is the accumulation of datasets and knowledge. Some studies on sup-
porting the standardization have been processed. Parts of standardizing works have been organized both at home and abroad. We ex-
pect that the accumulation of crucial datasets and knowledge on eDNA monitoring in hot regions could finish in future several years,
and then the eDNA monitoring could be a general work, even a long term basic work in hot regions. As the eDNA monitoring could
produce comprehensive and standard datasets, along with the long term basic work of eDNA monitoring realizing, the long time se-
ries datasets could be used to detect the biodiversity ( especially hiddenbiodiversity) variations and study the dynamic and evolution
of ecosystem structure, processes, function and health. Moreover, we expect a series of datasets with high quality, rigour, availa-
bility and transparency in future to support the open science and the data-intensive scientific discovery and ecosystem management.
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Tab.1 Summary of the eDNA usage in different study fields, samples and taxonomies
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TR RN 62.8% , FUAZ AW A HH 5 il ZEAIR— 2k, 7 2 68 W9 IR 1 B TR At E B oA 44.7% |, J5 A s ik i
il hy 22.6% 2

XTEE TR E AR () LT A eDNA Wol 4 SR AR AT 50 L, 32 B T X T Wl B A% eDNA 43
A ), XA H bR eDNA iy Wi sl AF 5 H 00 B phe s o e A i s 0 1) B T8 B8 26 00, SR R A5 3 0 W



Wi % :eDNA Wl 5 sk AR AL IE R A K R B & 19

(HHIE XTI P S5 ) S HL BT FE (I 227 5 i 30 g e A 2 6 AR B Wy, RBE A 3
IR B R A /R AR T

FFE BT AR B K R 2 4% X TAETE D eDNA 25 [ RS 915 100 , 7T LAE 4% PR AR AL 50 )y 1k, &
TG B HTHESE, TH eDNA WU (19 25 () A 28088 , X FEHE AT MR 3R A 56 X TN FEAE W11 eDNA
23 [ A A0 , ] AR S A 25 2 vh 2 M R — TR FR T 2 SRR, B8 T30 ST R AR BT TR o AR AR 0 TH) P R A
w5 HARR L Be R . BARPREIL AR R B 25 B DU X 2% B H AR e & LR IR B 4
P9 B A RS U AR R , @ AR HES 5 1, AR S AR AR IO, A 225 ) A 2550 B o M DA a5
3.4 RtFFTIEIRIT

XPANTRI MBI X4 H Y, eDNA W =5 22 18 BOA [7] 09 4% G 28 8 R DO . 3 Sh i 2508 . R R
W YIRRIEMEY)) RE ISR G o TR Ry AR WA 430 DI A AS R RE 3 A T3 Y e DNA 77 B8 S5 F A W]
225, ANFRER A BIX AR AR Y eDNA BREER 72X 7 B B8 0 R 5 B8 B Rl 25 AP A W] 8 25 57, IR A5 1Pl
SN IX IS 25 57 7 AR W S R I A T O R R S S R T R A B SRS — o, 5O 25 B B B S AR —
SR LATEARSC I TAE h , BEE R A Rl e 2R B (2 G ) HEATRAE . LLan, — X MR Y (B BE 3 g R
V) FORG B a 0T 3H (HLIE ) 5 (9 eDNA WEDWWFSY 7R, 5k B R 2K DURRY) TR At R UFHE R (Y eDNA B 5
Kt B B A 2 B W 0 55, R TRI 2 TRURE i eDNA W I 38 64 B AR W2 EAEAE RS ME b ™  FEXT
PR MY A i TR TE 5 A A Pilbara F1EG i b oI SUBEAY Swan 157 I A9 RG A= 4E 9 eDNA 8 2 0F52 o %
B, A Sh 268 eDNA BE&h L+ 38 eDNA BE S BERSKG T 22 AORE 4 R HESh i 26 mE (Rb ) o iR
YY) eDNA MR LKA A Y eDNA BEf S 248 5 B2 i ) B4, R RE &, DR o R AR
eDNA ¥ J& HE /R VAR B 5 I L5 8 UK MR A 7 33l Sy S [ W A A il 2 R e R AR I B %
DRI Ay =45 P 3h ) B CE R A TET A eDNA 2550 32 1 55 sl i 9%, BT LABKTE] 35 i 3h ) eDNA Wi 24 180 %
SRR/ T I ER K R K B 3R 2 IR

P AR i — TR R T 2SR eDNA WS H A, 75— 7 TR B T eDNA SR BT bR S i ek
R 24T eDNA SRR H I &1k, e DNA 2O T B9 FE & =58 5 A it 1.5 mL, T LAY T
N BT AL B FLAE A KR SR A UTBURE S R S A5 AT LA S mL O B R4 3~5 mL BEEL
R 5 2R AT 3G A ity B 5880 % TN T A BB S B i SR B B A ) i S o LR R R BRI S )
PR TR KL S R I PO RRE S5 T LU 2 mL TG B0 R4 0.5~2 mL AESH 72 K =R AT
BEIAE 5 2 B0 T T B A F IR AR eDNA B/KIREE S, BT 2 UL 1.5 L Ry i (R [RI B 52 R [ o %o
X—EERA T ES)  AEARFR AR LR IE RS T g e I K RE T 2 29k (1~5) 8
55, Z2 K B BEAE eDNA. $HU AT LA A — G Rf i — YRR ™2 MR 75 S T 389 o it 6 52 55 % 9 2
SRR E A eDNA B IR BB IR AR T, AT DL T 5T X A 25 /02 0 0 R 00 SHe 0 il i 2 <R
] (0.5~2 h) =2 AT R mT ke i T A

ATl (FE a5 ) NBRAE . PRI eDNA WS ISR A 1 B HLAI AL R7 2 DL Kz eDNA FEA 5T Hh AR 1 — 43
ARRE AR A & 1 A R eDNA T2 B8R — 2 8 Ay ) BB 1 P R R A R S e AR TP 1y
(L B0 A RN S IR 1, BT A o v AL R BRI S5 AR S — , — R SR R it O H 45 2R (T2 B
SRR A IFAE— S T LATE I S 2 Sl S WA IR S ARV ; IAS [RIAE i AT VR A (AR AT eDNA & 245
VB ) 2o BN (it I SR TV B AR 9 05 A ) o A o A 1Y 9 (Y eDNA R B2, S 80— ZR HIMIR 5% Y5 o 40 o
) eDNA = BER T4 1 BRI, $E T S B0 1 25 R R GEEIR 2. SR B A1 PCR LI B9, A IR S5 5
FEAFBIF AT eDNA £ i R (limits of detection) 7E 4 ~250 A5 WUEEAS O (FLE S5 RGBS A 95K,
2.19~260) ,eDNA EALBR (limits of quantification) 7£ 10~ 1920 ~% D1 &4 2 i (06 45 5 V5 I s A5 2240w , 6 ~
839) " A RGIBFFTUIEST , 2T 4B U b S I P 45 SR W B Bt 28 U T8 R R SR AR A
U ) 0 B 2 2R A5 A R B 2 R B
3.5 HEMATAL I8

RE AL T 32 SR T KRR A AL T DL RIS B AR 1 eDNA FE 5, B il s 8 ol F 88 DU L BARIE A
W IR SRR H R BN URENTT o e S K AR TRAL By R A R, AN (R 1 v Oy 2 AR B 4
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255 AN AR I U P A U LA AR R BB X 45 SR A W S 5 i) < FLAR RN T R B 1Y) eDNA KR 2
FLACHY 2 o i B ) R, 7 S e T 75 AR W H AR B AS O3 VA PRI A B R A i e
DNA) A TAUST ; X F U8R BT, 8 B 5 27 FHIT I AN A 1A 7K 440 e DNA Wi BOAZ: A= 40, B 368 2F 24 3% JI EL AR i
DT P 3 Y SR, T A TG 0 5 L SR TR O ) 3o D A

ANV KA AT G I (R T 0 & SRR e 2R eDNA T HEAT B IR 43 ) o — SEAFF 5% X B0 MK A
HEAT T P2 U A 25 R JBURE 2% 3, 4K e FRVARCFL 10 i i AR A AR TR 1Y) eDNA A, {H 25 pEC3) R A0 22 I X
FHRFLIE B Tad A 257 A R B K AR M), DA B T4 P [o 2 R U 2% 5 ) 41, 25 25 B AR 24 — 38 40 9 R
LR T B F AR eDNA, BT LAKHE VR BUR L 2 TR vb B B 45 e ol & 78 R A0 i /K AR T 38R 47 43 b 3 Gl A
BB R R AT SR BLULTE MR S, SR IR UURR AR i B A B AT eDNA 421, ISk
TE LI b B RE G, AT eDNA 4REC) i AT DUSE A Sl A (] He 26 il i /K A A B 1 e it ) 3 5 4, (R
BRI AT B e . — TSV 17 i sh ) B S5 P A S BT SR A IE T 480 TS B Y eDNA B g
JITRG: HH (A W 2 T /D TR 2 T SE A BB 1Y eDNA RERL F R 97 o DR S0 B3 R AR R 5 e
WP e 15 Y TT REE T AR 0 (9 A W) SRR R A A W Rl 25 . eDNA Wiy 22 B i AL 3z — & XF
Rt R A s, T AEXHE G iR BB 5 159 H (W 25 R A7 B 2 0IE , I LAAS E AT /K BE TR S 2 0 19 AR AN 2
THARH

TR 0 R RS E 25 B AE KR eDNA Wi -t B DL TE o AR 5 T AL B R 5 W AR, 1
W, e B 10 55 58 3 R 4 1 84 AN IS R AR O 43 AL R AT 0T 43 X B ST 4R, AR 0 4 BE R S 2R 3 i 4
( metazoan reads) {35 E 43 He A B4 19.53% F1 17.10% ;5 575 43 B i v 5 A 4 e 90 109 - 350 1 43 H6 43500 R
81.03% Fi1 89.92% ' . {4345 AU IR 1 Rk e I SR CANARSE RTR A ) | B4R TR 2R3 TR AMHE S
eDNA 7 RS Bl T3 5 L AE— A RE AR AR TR A0 S 4.1 45 (47.29% vs 11.46% ) , 76575 — A HE SRR
TR Y 5.7 £5(20.03% vs 3.52% ) 11
3.6 HRARE

FESRAE R EFEARE S MR AE S DNA $R IR 8] 193 B I (B A PR A7 o % AN T 2 14ch B 90 4 ( B
T8 BURY  EAR G Y RS ) A R HAEBE R VA B -80°C (- 20°C 8L T WK TR ORAE . XTIk AL, vk
THRAT T LA eDNA 77K i B R s R ™t FF 8 1 3R T M S i Ak A b eDNA. g™ RS2
FURIRRAFA R o Y8R, A TR R R BEA T i 8, 31 eDNA 5 ELEUE I [, SRS T-HRv2 5 (-80°C |
=20C) fAE
3.7 ¥iE5| Wik E

PHI514, AR Y% eDNA WA 5270 B rs B A RE S5 1 ) 50 E metabarcoding 38 5 #. WFlR:
SEPEG ) R X RN eDNA (CHRIE ) Moy 55 8 12k (LG andi P A T L AR Al Wi 9 i g A )
%) , metabarcoding i FH 514 E 240 BARAE W 2SHE AT eDNA Wo A B ( L AnXT 40 B8 628 AR ST AE W
SERY IR W) o R RIS TR A S (R A T B 1 ( He i B % ITS L 18S tRNA JE K (138 1]
19, A R 16S fRNA FER A5 19, J5 A sirE Tl COI Zakifk 12S TRNA [ Cyr b B[R (1938 5
Y1) o ANFLE B2, A —E R SR B S RE P I ] R A R 2 R Y g
FHS I WAE 8 3R 8 Z2 04 fiff FH vl 328 7 1 B R 34 01 AS I RSB 803 , TRD B o A A /0 30 1 38 5 1 e O R i
ST BT R T | YR T B AR, R R R E I T — i R IR AR AL 5L
ALY, 3876 5 S BN s (R R 46

X P2 B X 2ok ik 128 xRNA BE P 938 519 e E it Con 36 R 3 F 51 078 38 4 1 G 1 4
SRUOBIOT YRR IR BERTEORIR 128 TRNA JE DK 38 IS WG 4 ST A (ERO R A 5 A
COI H D9 1y 88 JFH 5 |y e H 445 S5 T o A PTG , R824 i C O 1ty 388 ) 5 | 0 2 93— 2
Rifi % kA 128 rRNA Bs 2 1 5836 , ZokifAk 128 rRNA (il B 1Y) 2 S5 8ok 2 — A EZ T30, 124
Tl % metabarcoding i F15 [ #1%F B ARISHE M B AR AEAE— 5 BCRBG , 8 2038 F 5 1953 e AT 4 g
JEO3 T, IEXT 45 AT I BRSrAT RENE — 8 B I G2 A0 40 7 25 e s 1) R, {2 185 BB 08 180 VS At e 25 Bl 4 1)
R BN T S TR 7 5 4 1 R A



M R4 eDNA W 5 kAR ALIE R R A R B & 21

X RE il HEAT BRI 2 N 4 ( metagenome ) I J7 9 22 45 1 6, e — Rl 1 0 U1 o o DR AL 00 ) i g
LR A A TR R B RS 2 (B AR R 15 22, 2 SR A RS o B2 B 5 B2 b R W o, H BT FERUZE )
RS Z R AR A T EARYE SE R TR SR TR, o S 5 B RN AR R A T A N
I,

3.8 MR NF—2FERF

X — 2R, A AREAL Y eDNA 3R I H—F— 18T . R eDNA &I 15 F1 BLAAR SRR
FEIF PCR 44 138 Il BE FIAE SR I 58 45 RN 3 B AR 3 BT R R S 5008 2 X6 B s T A T 14K 114
OTUs =F FEPIAl ™ = — 2 R, BT LA U G — A HEALIY eDNA SRR 34— P — Wi )5, Fodne o I i 45
R A BA SR ™ o 4 T BARA) eDNA ST I, A 2 32 R vl ko7 21 B R ik
A ok AR A o IR, A eDNA AR £ H R  eDNA £ 5 T BRI, 3] PCR 44 |
PCR 7=y Al \PCR F= W32 L 5 214k \PCR j= ¥y i, 155 DNA SCUREMEE T 5508 B .0TU 3
2 OTU G A dh P AL TR TS Yt S80S IR I, Bl 2R M R 2N WA — B A fe
FEFARGRR BBAR A IR A, I A6 AR H 21 eDNA AHCHF AR R RS S iE . M B i3] LT , B
AR T — B AR T B A AR A R R AR ) — AN T BRI R

IR H R A AR FIRA T eDNA B LB EC—4 38— 5 — 43 BT R 3 ZE SR Tt B vl 28 W HOR A
BRI AR S BRI 12 8 A F A AL , (R 778 5~ 4071 o) 00 - i e R A I 2 D P73 S R iy 5|
YR A I B 2% 0 R A7 A AR 3, T LS o R 4t 72 A o 5 W) A R R 2R IR 5 A 1)
P18 g TR — TR s 2 R S 0 i e B /N 4 388 FH 5 1 00 2 A, 53— )y TR A, T A3 5 k5 0 O e, X £
SER P TR AL IE o 2) 40HT 2 i OTU SREH S RO B IR AR, %) SR — A FEE B [R) 3, OTU
RIS 7 5 A B 1 B ey, SRS Iy OTU B4 H Ak 22, 1 17 T B2 i 3] i 52 14 7747 L X R o322 TR e
XA TR RS ORI B B, T ATE SR ARV S B B AT IR RN IS 0 S HL i 97% (99% |
99.9% ,

XS 73T, BR T OTU 23 Hri 4 2 5h, ASV (amplicon sequence variant) BN 7347 %47 0 7532 i 3¢
FHHISCHIF T DT . I OTU R BEAZ AT ASV [ M S A7 B A2 20 A8 FH LU O, RS R R R 4%
AR, LLAE T COT JEP g 528 OTUs FIREMRITTS ASVs ZA L It HIER I AL ot EAR L M
BExE 188 JE K RS9 OTUs W i LUFEME IR 5 ASVs B Jf HIE RIS K nth B '™ AHFseE
OTU H2E 53 HT #5428 R ASV [N 53-HT 5 42 R I 32 S A B BR AR 4, T S AE B FE 19, HEIUH ASV R 6 7R B35
B, OTU KA /R Bl b Gk OG5 B 2546 , o T8 2 /R (R IF 9 W fy m ek el Bk SR e A A
WA T B A AT S 1k — P 10T R N 2 ) 22 P B A i P v B 2 0 T AR A A A
et AR A R e L R — A LR 3 5 A A B AT RS SRR

X TR YRR e DNA (PR ) Wik (5 5 &, AR R 20 A e Rt 5 [ k47 PCR &2 Pk
HA qPCR 5 ddPCR 5 400 AN BEHEAT I T 80 20 M 7 900 T 8 B S5 A BRER YT i FH ) e 53
PEFIWIHEAT qPCR 5 ddPCR 7 54347 , 22 4T eDNA AHXT F B2 A2 5, I eDNA XS 3 BE 7E— 7 44
A BRI R A ABC SEE IE A E T S T R R I R A2 SR S M i gk eDNA i B
GIRTRT LI A P SR eDNA BEHGHEFE eDNA P i 3 % e DNA ¥ B 5 A8 OC R ST B AR,
HET Ry A AU e DNA Ve BERAD 38 F AR RE AR s 5% 1 32 (B3O PR S
3.9 F L3t iE R

FEA XA B S T2 5 B PR My 5 583 . 3T RRE BRI AR 00 M ( HLandS e )
I AR 2 A e I A ) R BEE e MR SR S | AT PCR 4 RS I A oA RV AT, JE 5 47 I
FERUFF X 5 e B AR AT Rl e B AL S5 4 20 M A0 R 48 % 75 2T, D7 2 AT I LR O
GNGHT o T RIS FUAR I W 00 D0 5 246 1 14 7 9] 2 2 B0 A B T EL T Y IS JE A Unite B4C4 2 L 188
rRNA ZL[H Silva BOEEE , N FIET 09 16S rRNA 3L [H Silva 5% Greengene BB , 54 sh LRk COI 3
DX NCBI AZ IR0 PR 5 o % AR DX LRSS eDNA MR A1 AL 23 4 S B AR (9 BRI il 15
SRR IR PO S TP A AE A /N 4 T i B ) 485 SR8t A AN T 32, 0 L) 5 25 5080 T 11 52 36 % T eDNA Wi
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(BT FHAE B AL 7RIS U2 M P S AT A X R R A 7 5 SR I, 7T LUK B A R
S B A S R

5 X R o) — AR BRI B W AR A R B E R E . 1S8R S5 )7 5T o
R E2REOT AR5 LT R 4328 BAR B B B AR, 773 4 Hh O — SR 53 1, BT
FE— PR P A S R VC FC BT S AR 55— Wb b, s LBl 225 17 5 1 5 — W R ) 7 0 3R A7 DE L 2 )7
FUARIIEG 53— b 1 SRS SRR AT 5 — R o Wi . 162 % 58 I 2 % 7 5
sl 2R AR T AT W TS LSRR R B R R IR ESR S, A —
WA TERN OTU, BliZ OTU Jp35@ i L Jeik 5 S5 R e h 0 A — 17 51 I VC L , 33 [n) A Ik A8 58
B AR MR PR ) LU XA R A R L o 33X — 5 3 B A o 4 R B NG SR VG INCORS A B 2 D A I, AT
PLA AT EE S, i 97% (99% (99.9% o HEXTE BT A 5075 22 5 (L4 BLAST \RDP classifier |
Bayesian Lowest Common Ancestor) F14K{f 22 5 ( Ho#i0 Qiime2 | Usearch ) Xif 45 Sl £ 7= Ak — TE 5200, L4651 1) v
iff B T A L P LS S Rt 2, ZE XS [V IR0 1 1 TR SR 04 T ) LU A el o7 X B vk AR A T T 5 —
3.10 MM R F1TAH

W 25 S J5 DA 32 R W 5 SR A R o T SR B S TN L B TR AR 1 PTEA L A TR U SR T
Al A AR S DT, SRR P 2 1 M0 245 SR g 50 S 2 B o 224 R W e e A DG RS A e N
AT ZEVEAL 7 U B R T AR 4 24 Ok W I 245 S0 AT ) DAL o A A B U A B2
ST SR A i B A 1 235 S B R ORI At B (e B AR R RS ) Z I 0GR, THERD X o M i ke
R S AU RE IS B 09 Hh B KT 2 X R T B RO T AR e . B TRDA 280 9 5 VT, BIPL Y e W i A
LB RAERT [B] £ AN R AE S T AR AR R MM S5 22 B (R R S E 2R 456 TN PRl 2 5 5
R S5 255, /0T eDNA (12132 11 A0 24 U Wl Ay i [B) 7 2680, X SRR IR ) 52 3 IR 0 . 45 TR1 A 0%
B VA B LA 20 W T 45 R 0 BT AR AR B A 25 2R 1135 e DNA S B sl LY~ 5 B 0, TPl o W 0 149 25 (1)
AR RN R BT AR o VR R A4 5 VA, B LAY ok Wi e ) 2 7 9 1 R 45 2R 5 A% G A A 4
SRALLE, LR S H B S 50 R PE TR 2 SR AH LU A, PPN A W rp 22 000 P T R 2 R A 30U, 2t &
R Sy I RS B . LR ANFE RV LI UV LB T SR B .28 eDNA Wil vfr | SRR COT 3L 7 250
i (5149 mlCOLintF/jgHCO2198R ) 2k ihy 89 Fhfa s, Horh Ay 30 F by [y sl i 55 91 A 45 SR ik, i 5 =2 P47
T (A 4 2 WD S 3 35 Fffa 2k, Hirh 24 FhE eDNA Wil v ity o

NI UL BN B X R — NRIR A B 2 FEE DN 5 58 AR S AL 5 MR E R 2 A
FTEIR 1IN B s W /K R B LR 43 A ELRE S (AR R BE B 10 km, B 5 OR AR LB J/K A4ORN 2 5 1
TG KRR AT IR IRAT 5 4R eDNA JEIR, TR VRIRAFB i, TR R VR R85, T 5 | ) R R B %
FAZAYR COT ZEFE M5 19, He T BB R A MR 2 R AT SR EL 3 )5 404, #2225 OTU )33
WX A LS ZHARPEHEAT 4> JE 25 T R, AR AT E AR IS HESE RN AE Wy 4 o B A F A B FE T R H0W J5 3T
i, BOXTREASSRAE SLAL 5 ARE S B 45 SR AT R AR BRI 2 40 BT , A S8 B8 AT Ay Hh A4, JT AR Py A AR
S A SFATAE i T BRI R 1 B TR A AR O R, 4t YT M Jr SR At B B TR B8R Y S O
Al , BT REAS SRAE ALY AH SR 2 YU 25 SR HEA TN U3, A AR (R ) RO AR A A 3R 13 3
PTG BT (8] 22 S PR eDNA 232101, 45 S RTIEIN R AT A 80 . 25 R R R JE TS, BT R 51 Rep
RURRUR ) W A5 AT ) LUK, A3 DT ZE B CRARE B BERE i [1] e DNA B B8 921 3 BE 155, 45 1 XS ol o 22 19
AR . FERARTUERE TG, B 2R 2R B g R (s SR b B 280 ) 5% gt 22 i A 4 R it
TR L, PG TR LS SR A AR CIEBA IR LU ) I RS SR S oy e R A S R S )

WD S5 SRS VAL AN RIME , N7 205 MR AW ) Rrb e se g, HAG BEAR I O 4145 45 AR OC IR R i 17
SRR AT PR BV AT, Y ET AR 4 K 2 B A R IS A5 A 5 PEAL , FUR P IR R R A
XA NETEZ G eDNA WS4 Hr PPAL T AR REGE15 2 B4 T .

4 eDNA Hill# AR 5z f B =

4.1 53kl eDNA Wi 5z 152
WA A 25 SO R B A, BT 2R 0 ARG A0 AL 1 A5 1 A I PP A 4 2 oA SR £ 25 BB 3 o7 P I 0 Rl 7



M R4 eDNA W 5 kAR ALIE R R A R B & 23

2R eDNA Wil £2 o S ] SEAR LS S35 T BF i T R0 T Akt R A 1 B ) AR AR g P 4
WA G N 5 SR BB W AN FE T 58 o LEANTE NSRRI w3 DX 3 A 2K T 8 9 M 0 o, P A 58
TR R IR SR HARY A B T AR W 2] AR N eDNA {55, F a8 R BA VLS H AR Fh Y 9
SRR AL ) T HIE eDNA {5512 AR S5 EHTE PO 12 AN B Y 48 At e IF R I AR B
I, eDNA WIS HH A HAR ST H AR A R AR HH 3w — 1% 2, BEIR T 95% B AG Hh 2, (U 75 2T g 5 NI
G 12 A UCHbER eDNA W EXE 07 5 22T 8 14 A~ UCR 4G B A 29 Ay By, ORI = o R,
eDNA W 5¢ 4 ] LIRS — b 7877 S8 E0E SEAR 5 SR N T, LA Az BN 26 3 L4 1 5% B 5 5 5 9 2 s 1)
EVEE

B T CRE 2 RO DE , T S bRl 288 A AR A 0 M 0 235 SRR 2 A Ok A 2 3 58 Rk 508l 128 WO e 3 =2 v
LR TR, X1 S0 M D00 DX It 0] G2 ) B AR A e DNA Wi/ S i MUAE W M I TR 22— TR A i b
HEAL R U SRR T LU BRI ST 7l FERBORT & 1) A 9F 7 1 e SR £ Ak i Y A R 2 5l i (3%
3) o WFFEE LS ANEURFERT AT AL eDNA 5 0 A0 A H AR 99 s 0 T 50 by SR o A B A i FUSEE
PEATRIIVE I W, A S A BRSO M EE RS TR AR SC R i b A SR 5L R 3R O i i #e it
55 1 R A i S B RRUEE K 5 9 R G e SR 4R {4 LA R S i
P ANIK A B AR O R R 2 T T AR T SR R 1 S R T DR o B
PEPHEE T eDNA Wolll , ASASURT FH APAS K PR B AE A5 SRR , o P LA B /K A s bkl = 3k i
HKAEZS R GG B SCHS K AL B A Sy SR AP IR SR . TSI eDNA HEISE SRS, tonl LIk 45k
AR A 25 AR G L AR S PRI AR (9 A R S IR A B TR AT S S (I B DS A, O o Jim S A B DR 5
AR X B SRR BB S

3 AR eDNA IR 7 S dtig ™

Tab.3 Summary of the scopes of the eDNA monitoring in future

eDNA W — 24 7 5t TR Y

ABRGHED BWKESRGE WBHEESRGE WHAESRSE SWESRE, AT O BB OR #R#0E
WITASRGE KMAESRE LEETRE T ESRE R PRGN AR 2R BT RN E
WA SR AR R FE R AR R AR A A R

WA BER RE LRSI HSUR G A A () R A . AR (RN DR E
RIS AR AR S AR

WS EARREAR WHFLIE (26 PUNTIRATIE L 2 B AL AR ORI AR R AT B (PR REE T M
Ay TR S R UA ALY AR R AR R RS BB E ESER SRS
i SR aE)

W /TR TR RE IR 0 S A I SRR R AR RS A (R S A P | A ke b M 4
BB eGP ARG S R A B AEBBUATAREABUA (A
W BRGSO LR GERE T RN IO B0 | BOR S B E

G e STEE)
# 2 eDNA M I A AS ST /E T A= 905 ARG, T L eDNA W I Ft)— 200 FH 3% 53t BUAE A AR 28 R S8 b LAAS R A BT L 4% A

WIZKTE Sy EVAR AT IR AR L WS AT Al SOTE MO HEHEAT R B AL AR 5 B2 eDNA Wi 45 5 A B/ 4 (MY LB 9
FEHGRBO 7T LA AR R 29T S R AR, T AT eDNA W) 45 SR 804 410/ 48 00 — 9000 37 2 & BI04 &%
BAREF ORISR , AR B2
4.2 3k eDNA Wil3 A4k R

KM 5~10 FFofZ eDNA WEINH ARAR AL S0 & J i it 1, 2] 2030 4R, TS 3 AR 52 iR AR 7
% R AR T T I O 5 IS RS AR T B AR . TR, SR X AR E TSN 42 eDNA W
PR i 2 52 0K H 3 eDNAL (1) [ it i 1) J&1 38 L eDNA 23 ] 41 8% 1) 75 Z0HE B . eDNA A7 TE 25 AR5 4E eDNA
HE RS T R I AR S OK S8 AH B R 2R eDNA W5 28 vh AR S SR B B0 I B 3 B 28 (R B R S A
J PR 2H BT B — S LA S5, 48 T N ST AR DA I e A Wi, 38 77 A A St S 4R AL TR R
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BRI IR . AR X IR eDNA Wi J 58 v A i B A B0 B I ) 1R 8 25 ) 10 B R A A B %
S A AT LA GE S AHE SR BT 7R I SRAE 28 D ik i EA T 5

o i A 3 (AR T AR 3 R 5 DR T % ) AR A Ao X 5 T 3ok AR Ak 3L AACSR A o) B, 3 T LAl R R
— AL BT o YR AN R P S RS BRR R S, B AR B SR A TR R MR e 3 SR T
PRl — B R s B AT AT, 2670 U sh T, A ZR AR U P K AL FOF T 4 — M . 07 S ents
T 22 b S | W e [, 2 PN S ol T M A R 2 W) R S8 L, B 40 BT ARG W M AR Rk 24 ) B 4Rt
B BT A A3 BT - 3 R SE 1o 24T eDNA WE (5| e 88 © 8 R o 2l s NS K 22 ik 2 G
N TR SE I, T R A PR 2 T BTR F RR P AR — 30, RN SEOT e T it — b 4 —; A
Y5 BT 8 T IR BUR T 2 A8 2 528 7 88 43 B Bl A B2 0 w0 20 A Al , RO TGS R R b 55
BLIRIGE— , AVAE S R /R rh R L 25 SR L
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