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Fig. 1 Workflow of eDNA analysis
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eDNA collection methods from water samples. (a) Proportion of pore sizes of filters. (b) Proportion of filter types.
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Fig. 3 Proportion of different eDNA extraction methods
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Fig. 4 Specific genetic markers and detection methods for
eDNA research
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Tab.1 Universal primers and Target genes used for the research of fish community
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Tab.2 Summary of research methods and advantages and weaknesses based on eDNA technology in biomass evaluation
W KRR BRSNS P 27 3R e R
R IR .
‘V‘ e - .. PCRFIM i 2
wrgEn O e KL BT e T PR
M MR R FEE . HA [15, 50] -
figfh | St . R . ; ‘
oK @jﬁa&ﬂﬁ@%% K ?gj@&ik [33, 40, 54-55] 2 T LLH eDNA WEER)  MELLEEHIE R
eDNA ¥ et ﬁg 254k, DRSS eDNA WKIEI/: Y
T ﬁ:;ﬁ;ziﬁ‘ EHE ., FHE. BHA (2,42, 56] T i 78 B i PEIERYIISES
B =7
138 WEERLE 1 2022 4F /55 46 4 /45 2 W]



R gk @
EVIEWS

WAL K AEAEBRGEY &I 7 — LB JE eDNA
HAR S i A G, AR SOk PG A
5 Thomsen 451V 1 YOk HL 2N FE D, IF
BT R ASORIN R 2 A — Bk . T PCR
M, RIfE eDNA F R4 F B oAb Y i 8 4n,
e 3 I P AR A A I 155 AT BB AN 2 e DNA 1Y
Tabr, B, 72 5B B AR e 5T Wb =F B R AR )
Jrih B — Pk . Kelly 251 Evans 21052
FW, PR F R A EAR 55 A IEAH G, =2
J&i, Hanfling 2B RAE . PCR AN Pt FEIEAT
FwZE, P EEOT LAVE R — A5 ROTAl = B 00 5 1%,
SR, FESCBerh & B, WP R £ B 2 A C R 2,
RARXESZ I, f% 3T, Ushio 2554 AR DNA % in )
eDNA FEfhh, FIH eDNA 45 A R i) %t £ ff £ 2%
eDNA #17E&, HHE T PCR M52, 25 5490F
A X APy 95 e qPCR E VR . Ak
2.2 eDNA BAREHG T HMESL

KWILOR, AR EEEES . i dlis: . B
VEVH . R A 7R DI AL G ik A T ol
WA, SR, L5007k R AR A ESL A o0, H
A eDNA FoR et 2 £ JLREZ JLE N
R sy, A ZREE | WA R, SR, MW
T B8 95 ) 1T BE Bl K TR AT A4 B, B E
AJKIE, TERRULERY), 25y fh = 5= AR
1490 22

ARk, REHWFRMAEG LS eDNA HA
MgEA, IEH T eDNA HARLEEAL YRl 325 A9
T A R . FEIRVK R GE v, Pilliod SFPUIRAL T
5 [ o7 15 N /NG v (1 B e R R B ) T2 B, 7R
BERARAYIE T, eDNA K H 3R AL Gk il Jy vk
% =5 Lacoursiere-Roussel Z55H] F eDNA 1% i &
A 0 B, 45 R 5 A% G o ) AR i — 3 Tta-
kura ZEUE BIRAE T H ARS8 E R, b RS
A W R B I E . Yates ZEUTIGE S R0 AL IEAY
FMLr bR RIS RS, Salter 45
R 0 3 K PG V6% 1 eDNA ZF B 5 i 0 i 3k i
J¥ —%; Thomsen %EU8I7E X b >4 1 BRI f0 25 AF
FEPLAR R S5 18, K4 M A A ; Yamamoto
SRR B i i TR Y R ASUA R H A SRS VS A S £ 2k
Yk, PR R — R A RO R T B, {7
B i ISP AR MEASE I, PRLME, eDNA AR AT LA £ 58
TR J1#h 7

2.3 eDNA REF B & A48 XA

eDNA Yk JiE 5% R A8 %4 3¢, eDNA 7E/K
R i ve Fg A 2z 2| Z Fp R I R FEAEAE Y IR 5
M1, eDNA ¥ R 5 YRR FR R A O, —Bok
Uk, AN eDNA BERCR L ) 3~4 f50%, Mk
TR . IR SR, TTRERE eDNA R EEAEM
R[] P9 2RI A 615 e DNA FEA R B T DNA H Brik
J¥, DNA JBelK, 7828 Meble B8 i A [a] ok V8 1Y
eDNA FAHLGIE—3, Y eDNA AR AZ
Al im0 5 R eDNA e A 5k 4
YHZE, AKEZmaZErA KR, MM eDNA
Wi, YR EAE R K Th RS eDNA HEFEYR 7K
RS2 JF FR Ak R, eDNA it vk il e Ar ik
TR K, eDNA  AELE T B A KA A7
— Bl Collins FECVHT & B, R I eDNA
R B R KPR 1.6 £%, SIRAKMLEL, RS
— B EARSWERE . BT5E. pH DAFEREN
TR, XS R WA R T DNA {RAEC

H T eDNA Hk B AN Pk 5 i 2 ) 1 1 bf
7%, BB, AMTIFGF AR AR A 5Y e DNA IR
754k . Takahara ZEBOF| F—f e A 0T eDNA
WS 6 MIEERF Z A & ; Thomsen 26T Ik
Pt K f a2 eDNA FEBOEARBRL, Tsuji 2P0
UEHERS FAR R T KRN ; Cerco ZFHY 7 T eDNA
IR R sk 5 ik eDNA k¥ ; Nukazawa 2
eDNA FAR IG5 1 AR 4, W HEA BRI eDNA
TR TSR figt ;- Schulez! Mt DL i Hoip 53000 A5 780 £ 5
eDNA WREE, J-7e Wi fa rp£5 2] 5650E . sk, b T
Bij 1k HORE S5 R B, P AEAT [T U9 3 742 IE. eDNA
Wz
24 AYFRTAHXER

T b b R O IR 0 s A AR, AATTEL
T TR EE A i B (R A BB TF 5T eDNA MR
YRl BRI ) i 2 (A G R o Sassoubre 4501y
LA B B S AR TR R 5 AR R R L KR =
FfE e (0 28 F 5, Doi SR LR ER RIS
eDNA Wk i 5 H A 0 4B W) & 2 8] £7 76 1E A G
Chambert 25U HIE B 1 7 Z A [y TF 2820 A B o
T AERG; Levi ZFISUR] YA (] T A4S R 5 o) #r
i B0 Ttakura 25 (4R H 28 M IR A 2000 4 R F 5
eDNA Fll H A 8723 [a] 4347 . =F BE FIAE )i Z A ) G &R
Knudsen %252 FH R RUBFGE & B, I % 1)

Marine Sciences / Vol. 46, No. 2 / 2022 139



R HREGR @
EVIEWS

6 MRS eDNA MR 5 H 324 B 2 (Al fF7EAH
etk Yates ZEU7E 5 i A K ARG B eDNA HeJ¥E
5 FpREKOF I B A 56 Fukaya 551%17E 2 i
Yamamoto &5 ABF5T ) FERE [, F8 T 8UEK8h 1R
BRI I o DLk 30 o AL SRR R R R, 1 HLX
A5 3T LA R B 9T 1 DNA A4 A

2.5 eDNAXRRAEAYEREFHEA

TESLBRr, R eDNA VRGP A0 5 B A 9 &
AT AEAT A 8 ol B R A B . R L A
WSS AT R RIUChEE, KILOK, @
b AR ) A ok AR S n B, Sk
ST HBIR, i RRKESRETHEEL
PR, Tillotson 25521 Levi 2518143 %I F] ] eDNA &
S VPG A (6] 0] g v fi £ S B AR Wi, IEW] eDNA
SRR =E BE A W RVEAS (AT 8 T L, Salter 2610
JLC N P AE g 3 R VPG VE 5 0 A B 5 v, oA i TR A
5t . —SEIR eDNA AR N H T P4k i A8 )
Wi, BN, Mizumoto Z5UONIEAT H AU 5 fi: £1 7K
AR S5, eDNA MR EE AT AR A Yyt 4845, (HAEA
SREREE N 5 HE— 9T ; Ttakura 2514451 ] e DNA
S T I 5T WA 1) R R I i, D/ R ) 978 s X A
fERR AR, XEAERR AR R GRS A
AEEE L. WA, ARG —BEEYR AR,
AAZ B A BE RN A 0 PPAG 2 el 4 B AR AT D Y
— NI, Minamoto ZEUVURIFSE T AT 510 K 7S b
21t 40 () 23 A Al A 91 A8 4k, Baldigo Z5U72VRI Yates
BT BITAE T eDNA 2 IR 0 Ff i =F )3 (14 fiE
UEW] eDNA SZW#h 3= B2 1Y Al SEdE br o BRt, o] LAid &k
eDNA & 7 PEAl AR i = B2 I 2R UM I 4 i, AT
REARR AR ol XoF A b ol %) S o

2.6 eDNA #RAEFIMEMAT E

SR eDNA AR H 25 sk, 7l JEITAh
KR EEAE, (B IE R s B0 (5 PR A
BAPE R eDNA Hi AR A E RHRERP . B PH 4R
K 2] [ SR AL YRR BT 4e F AR FAF
FETT AT I 2] i B AR, 51 BE P AR B4 i
HRIRZL, {0 eDNA BB FICHLH 4 A B RE &
15 YL UL BB e i b = o 1 I 2 5 . TR, 1 e X i
FERI SN DNA WS TRIN, % FEAN TR & 7 B BE A4
Z[E] ) eDNA BEUEH F4 1 25 55 LA M5 eDNA MR i
(EREEIR T o FESCRd R rh, AR R IR, UEAT P
PEXT IR, W/ EPAMRISE IS R I5 Yy, HeAh, SR AR R

i K PCR A0y 85 & DA R AR 25

3 gwE5EE

eDNA AR T 2l i ARSI HEA P Y DNA A
Bk S AR B R 0 PEAE R A . EAMY
FTLURI A AR A, 8 A A W) A S A
i ] DUVEAS e o 8 R AR e, Rl B IR B
AT R, FEEEVEFN, HATET eDNA HiARME
AP P RIS R PR SE R . HAR L R
FNEAF AR E S, ENET eDNA HORBIAHEHSE
EEAEPAEPRORAF KT, ARSI oK
O R PO oE 7 S (S SR8 icE N /Ay N S ¢S 1 14
RGBT 2T, FEN X eDNA HORME) i
M, TFEABEIR A A PR B A4 B S A 1t
WA Y BT IR, R BT R A 4 R LR
HEARFE

A R VA A 2 2R G f B L el I AT
RIEMEEIEIR, HT eDNA HORMAT Y IFAL
HAEEMPAME. f1T eDNA WKESZE|4:Y)
AR R A5, JET eDNA HORMYE S AF5E
kTR B B, Ik, BFFE eDNA B9t T% M
AR, J& eDNA & ITAE I EE AT
RARATSEUEWIXT eDNA ¥ B2 i AN 5 P A T LB A
P B A TSR, M BRI R IR 2
IR P AT S SRR 2 A G . Ak, DB dR T eDNA
FORBHEPE, FHOREOR T B b 5 AW dh i, A
17T 32 HE S Ml 98 0 A 0 ) R T B (ELRY 23
BE, T AREEENER AR, ik, eDNA
FARMNRESE ARG Tk, 15 LUR AT £ il
PIF A ANTE . MIELAE S, AR Rl v 3L ) A
FEAEHT, TP Ja Melh BRSP4l i 2

S ik

[1] HANSEN B K, BEKKEVOLD D, CLAUSEN L W, et
al. The sceptical optimist: challenges and perspectives
for the application of environmental DNA in marine
fisheries[J]. Fish and Fisheries, 2018, 19(5): 751-768.

[2] KNUDSEN S W, EBERT R B, HESSELSOE M, et al.
Species-specific detection and quantification of envi-
ronmental DNA from marine fishes in the Baltic Sea[J].
Journal of Experimental Marine Biology and Ecology,
2019, 510: 31-45.

[3] WANG S P, YAN Z G, HANFLING B, et al. Methodo-
logy of fish eDNA and its applications in ecology and
environment[J]. Science of the Total Environment,

140 MR /2022 4F /5 46 45 /55 2 1)



[10]

[11]

[12]

[14]

[15]

[16]

HRLzik
R EVIEWS

2021, 755(2): 142622.

GOLDBERG C S, STRICKLER K M, PILLIOD D S.
Moving environmental DNA methods from concept to
practice for monitoring aquatic macroorganisms[J].
Biological Conservation, 2015, 183: 1-3.

HARRISON J B, SUNDAY J M, ROGERS S M. Predi-
cting the fate of eDNA in the environment and implica-
tions for studying biodiversity[J]. Proceedings of the
Royal Society B-Biological Sciences, 2019, 286(1915):
20191409.

EVANS N T, LAMBERTI G A. Freshwater fisheries
assessment using environmental DNA: A primer on the
method, its potential, and shortcomings as a conserva-
tion tool[J]. Fisheries Research, 2018, 197: 60-66.
JUNIPER S K, CAMBON M A, LESONGEUR F, et al.
Extraction and purification of DNA from organic rich
subsurface sediments (ODP Leg 169S)[J]. Marine Ge-
ology, 2001, 174(1/4): 241-247.

FICETOLA G F, MIAUD C, POMPANON F, et al.
Species detection using environmental DNA from water
samples[J]. Biology Letters, 2008, 4(4): 423-425.
TREGUIER A, PAILLISSON J M, DEJEAN T, et al.
Environmental DNA surveillance for invertebrate species:
advantages and technical limitations to detect invasive
crayfish Procambarus clarkii in freshwater ponds[J].
Journal of Applied Ecology, 2014, 51(4): 871-879.
JERDE C L, MAHON A R, CHADDERTON W L, et al.
“Sight-unseen” detection of rare aquatic species using
environmental DNA[J]. 2011,
4(2): 150-157.

PIGGOTT M P. An environmental DNA assay for de-
tecting Macquarie perch, Macquaria australasica[]].
Conservation Genetics Resources, 2017, 9(2): 257-259.
SIGSGAARD E E, CARL H, MOLLER P R, et al.
Monitoring the near-extinct European weather loach in

Conservation Letters,

Denmark based on environmental DNA from water
samples[J]. Biological Conservation, 2015, 183: 46-52.
LARAMIE M B, PILLIOD D S, GOLDBERG C S.
Characterizing the distribution of an endangered sal-
monid using environmental DNA analysis[J]. Biologi-
cal Conservation, 2015, 183: 29-37.

THOMSEN P F, WILLERSLEV E. Environmental
DNA—An emerging tool in conservation for monitor-
ing past and present biodiversity[J]. Biological Con-
servation, 2015, 183: 4-18.

THOMSEN P F, KIELGAST J, IVERSEN L L, et al.
Detection of a diverse marine fish fauna using envi-
ronmental DNA from seawater samples[J]. PLoS One,
2012, 7(8): e41732

SRR, LRPRAL. PREE DNA HOARTE A A 4P R il v
B 2 FH ] /iﬂéﬂ%’—,ZOZO 44(7): 96-102.

Marine Sciences / Vol. 46, No. 2 / 2022

[18]

[19] 2=

[21]

[22]

[23]

[26]

Chr

ZHANG Hui, XIAN Weiwei. Application of environ-
mental DNA technology in ecological conservation and
monitoring[J].Marine Sciences, 2020, 44(7): 96-102.
BT, AW, R4k B DNA(eDNA)iUWWk
AR R G By R T 5T - U B
2018, 39(3): 23-29.
SHAN Xiujuan, LI Miao, WANG Weiji. Application of
environmental DNA technology in aquatic ecosystem[J].
Progress in Fishery Sciences, 2018, 39(3): 23-29.
X%, BMRA, LBE, 55 M2 DNA BT il
FHE BT R BAIE[)]. oK Halk, 2016, 46 (1): 9-17.
LIU Jun, ZHAO Liangjie, FAN Yingchun, et al. Uni-
versal primer screening and verification for fish envi-
ronment DNA research[J]. Freshwater Fisheries, 2016,
46(1): 9-17.
, IR, Efhgk, % EPIXTEFEE%EWME’J
Iﬂ* DNA RUIIES ZNEIRE V& 1 C o U RN i
2019, 40(1): 12-19.
LI Miao, SHAN Xiujuan, WANG Weiji, et al. Estab-
lishment and optimization of environmental DNA de-
tection techniques for assessment of Fenneropenaeus
chinensis biomass[J].
2019, 40(1): 12-19.
&, WEIL. KICH NI FREFSE DNA A
YRR B A BRI [0]. KA RS ZRE, 2016, 37(5):
49-55.
XU Nian, CHANG lJianbo. Preliminary study on fish
species detection in the middle and lower Yangtze

Progress in Fishery Sciences,

River using environmental DNA[J].
droecology, 2016, 37(5): 49-55.

ZHANG H, YOSHIZAWA S, IWASAKI W, et al. Sea-
sonal fish assemblage structure using environmental

Journal of Hy-

DNA in the Yangtze Estuary and its adjacent waters[J].
Frontiers in Marine Science, 2019, 6: 00515.

JIA H, WANG Y B, YOSHIZAWA S, et al. Seasonal
variation and assessment of fish resources in the Yang-
tze Estuary based on environmental DNA[J]. Water,
2020, 12(10): 2874.

VALENTINI A, TABERLET P, MIAUD C, et al. Next-
generation monitoring of aquatic biodiversity using en-
vironmental DNA metabarcoding[J]. Molecular Ecol-
ogy, 2016, 25(4): 929-942.

BOUSSARIE G, BAKKER J, WANGENSTEEN O S, et
al. Environmental DNA illuminates the dark diversity
of sharks[J]. Science Advances, 2018, 4(5): eaap9661.
WRify, SRWE, JEAISC, 4. LK FE PR 5 DNA 3R
WO EESL[T). KA YR, 2020, 44(1): 50-58.
CHEN Zhi, SONG Na, YUAN Liwen, et al. The eDNA
collection method of Zhoushan coastal waters[J]. Acta
Hydrobiologica Sinica, 2020, 44(1): 50-58.

TR, LM — R T RS DNA S

141



[28]

[33]

[37]

[38]

142

HRLzik
R EVIEWS

71.201920125138.2[P].[2019-11-12].

ZHANG Hui, XIAN Weiwei. A device for collecting en-
vironmental DNA in seawater, Z1.201920125138.2[P].
[2019-11-12].

WANG X Y, LU G Q, ZHAO L L, et al. Assessment of
fishery resources using environmental DNA: The large
yellow croaker (Larimichthys crocea) in the East China
Sea[J]. Fisheries Research, 2021, 235: 105813.

REES H C, MADDISON B C, MIDDLEDITCH D J, et
al. REVIEW: The detection of aquatic animal species
using environmental DNA - a review of eDNA as a sur-
vey tool in ecology[J]. Journal of Applied Ecology, 2014,
51(5): 1450-1459.

SHU L, LUDWIG A, PENG Z G. Standards for meth-
ods utilizing environmental DNA for detection of fish
species[J]. Genes, 2020, 11(3): 296.

TAKAHARA T, MINAMOTO T, YAMANAKA H, et al.
Estimation of fish biomass using environmental DNA[J].
PLoS One, 2012, 7(4): €35868.

LIANG Z B, KEELEY A. Filtration recovery of ex-
tracellular DNA from environmental water samples[J].
Environmental Science & Technology, 2013, 47(16):
9324-31.

MINAMOTO T, NAKA T, MOIJI K, et al. Techniques
for the practical collection of environmental DNA: fil-
ter selection, preservation, and extraction[J]. Limnol-
ogy, 2016, 17(1): 23-32.

LACOURSIERE-ROUSSEL A, ROSABAL M,
BERNATCHEZ L. Estimating fish abundance and
biomass from eDNA concentrations: variability among
capture methods and environmental conditions[J]. Mo-
lecular Ecology Resources, 2016, 16(6): 1401-1414.
EICHMILLER J J, MILLER L M, SORENSEN P W.
Optimizing techniques to capture and extract environ-
mental DNA for detection and quantification of fish[J].
Molecular Ecology Resources, 2016, 16(1): 56-68.
LIJL, HANDLEY LJ L, READ D S, et al. The effect
of filtration method on the efficiency of environmental
DNA capture and quantification via metabarcoding[J].
Molecular Ecology Resources, 2018, 18(5): 1102-1114.
LADELL B A, WALLESER L R, MCCALLA S G, et al.
Ethanol and sodium acetate as a preservation method to
delay degradation of environmental DNA[J]. Conserva-
tion Genetics Resources, 2019, 11(1): 83-88.

KUMAR G, EBLE J E, GAITHER M R. A practical
guide to sample preservation and pre-PCR processing
of aquatic environmental DNA[J]. Molecular Ecology
Resources, 2020, 20(1): 29-39.

GOLDBERG C S, TURNER C R, DEINER K, et al. Cri-
tical considerations for the application of environmental
DNA methods to detect aquatic species[J]. Methods in

[39]

[40]

[41]

[42]

[44]

[45]

[46]

[51]

Chr

Ecology and Evolution, 2016, 7(11): 1299-1307.

TSUIJI S, USHIO M, SAKURAI S, et al. Water tem-
perature-dependent degradation of environmental DNA
and its relation to bacterial abundance[J]. PLoS One,
2017, 12(4): e0176608.

DOI H, UCHII K, TAKAHARA T, et al. Use of droplet
digital PCR for estimation of fish abundance and bio-
mass in environmental DNA surveys[J]. PLoS One,
2015, 10(3), e0122763.

JANOSIK A M, JOHNSTON C E. Environmental DNA
as an effective tool for detection of imperiled fishes[J].
Environmental Biology of Fishes, 2015, 98(8): 1889-
1893.

YAMAMOTO S, MINAMI K, FUKAYA K, et al. Envi-
ronmental DNA as a ‘Snapshot’ of fish distribution: A
case study of Japanese jack mackerel in Maizuru Bay,
Sea of Japan[J]. PLoS One, 2016, 11(3): ¢0149786.
SALTER I, JOENSEN M, KRISTIANSEN R, et al.
Environmental DNA concentrations are correlated with
regional biomass of Atlantic cod in oceanic waters[J].
Communications Biology, 2019, 2: 1-9.

ITAKURA H, WAKIYA R, YAMAMOTO S, et al. En-
vironmental DNA analysis reveals the spatial distri-
bution, abundance, and biomass of Japanese eels at the
river-basin scale[J]. Aquatic Conservation-Marine and
Freshwater Ecosystems, 2019, 29(3): 361-373.
CHAMBERT T, PILLIOD D S, GOLDBERG C S, et al.
An analytical framework for estimating aquatic species
density from environmental DNAJJ].
Evolution, 2018, 8(6): 3468-3477.
EVANS N T, OLDS B P, RENSHAW M A, et al. Quan-

tification of mesocosm fish and amphibian species di-

Ecology and

versity via environmental DNA metabarcoding[J]. Mo-
lecular Ecology Resources, 2016, 16(1): 29-41.
HANFLING B, HANDLEY L L, READ D S, et al.
Environmental DNA metabarcoding of lake fish com-
munities reflects long-term data from established sur-
vey methods[J]. Molecular Ecology, 2016, 25(13):
3101-3119.

STOECKLE M Y, SOBOLEVA L, CHARLOP-
POWERS Z. Aquatic environmental DNA detects sea-
sonal fish abundance and habitat preference in an urban
estuary[J]. PLoS One, 2017, 12(4): e0175186.

KELLY R P, PORT J A, YAMAHARA K M, et al. Us-
ing environmental DNA to census marine fishes in a
large mesocosm[J]. PLoS One, 2014, 9(1): e86175.
USHIO M, MURAKAMI H, MASUDA R, et al. Quan-
titative monitoring of multispecies fish environmental
DNA using high-throughput sequencing[J]. Metabar-
coding and Metagenomics, 2018, 2: 1-15.
LACOURSIERE-ROUSSEL, COTE G, LECLERC V, et

TEPERLF 12022 4F /4 46 45/ 45 2 3]



[53]

[54]

[57]

[58]

[59]

[60]

[61]

[62]

HRLzik
R EVIEWS

al. Quantifying relative fish abundance with eDNA: a
promising tool for fisheries management[J]. Journal of
Applied Ecology, 2016, 53(4): 1148-1157.
TILLOTSON M D, KELLY R P, DUDA J J, et al. Con-
centrations of environmental DNA (eDNA) reflect spa-
wning salmon abundance at fine spatial and temporal
scales[J]. Biological Conservation, 2018, 220: 1-11.

DI MURI C, HANDLEY L L, BEAN C W, et al. Read
counts from environmental DNA (eDNA) metabarco-
ding reflect fish abundance and biomass in drained
ponds[J]. Metabarcoding and Metagenomics, 2020, 4:
97-112.

PILLIOD D S, GOLDBERG C S, ARKLE R 8§, et al.
Estimating occupancy and abundance of stream am-
phibians using environmental DNA from filtered water
samples[J]. Canadian Journal of Fisheries and Aquatic
Sciences, 2013, 70(8): 1123-1130.

HINLO R, LINTERMANS M, GLEESON D, et al.
Performance of eDNA assays to detect and quantify an
elusive benthic fish in upland streams[J]. Biological
Invasions, 2018, 20(11): 3079-3093.

SASSOUBRE L M, YAMAHARA K M, GARDNER L D,
et al. Quantification of environmental DNA (eDNA) she-
dding and decay rates for three marine fish[J]. Environ-
mental Science & Technology, 2016, 50(19): 10456-
10464.

YATES M C, GLASER D M, POST J R, et al. The rela-
tionship between eDNA particle concentration and or-
ganism abundance in nature is strengthened by allo-
metric scaling[J]. Molecular Ecology, 2020, 30(13):
3068-3082.

THOMSEN P F, MOLLER P R, SIGSGAARD E E, et

al. Environmental DNA from seawater samples corre-

late with trawl catches of subarctic, deepwater fishes[J].

PLoS One, 2016, 11(11): e0165252.

STEWART K A. Understanding the effects of biotic and
abiotic factors on sources of aquatic environmental DNA[J].
Biodiversity and Conservation, 2019, 28: 983-1001.
MARUYAMA A, NAKAMURA K, YAMANAKA H, et
al. The release rate of environmental DNA from juvenile
and adult Fish[J]. PLoS One, 2014, 9(12): ¢114639.
COLLINS R A, WANGENSTEEN O S, O’Gorman E J,
et al. Persistence of environmental DNA in marine sys-
tems[J]. Communications Biology, 2018, 1: 185.

JANE S F, WILCOX T M, MCKELVEY K S, et al.
Distance, flow and PCR inhibition: eDNA dynamics in

Marine Sciences / Vol. 46, No. 2 / 2022

[63]

[64]

[65]

[66]

[67]

[69]

[70]

[72]

Chr

two headwater streams[J]. Molecular Ecology Resou-
rces, 2015, 15(1): 216-227.

DEJEAN T, VALENTINI A, DUPARC A, et al. Persis-
tence of environmental DNA in freshwater ecosystems[J].
PLoS One, 2011, 6(8): €23398.

CERCO C F, SCHULTZ M T, NOEL M R, et al. A fate
and transport model for Asian carp environmental DNA
in the Chicago area waterways system[J]. Journal of
Great Lakes Research, 2018, 44(4): 813-823.
NUKAZAWA K, HAMASUNA Y, SUZUKI Y. Simu-
lating the advection and degradation of the environ-
mental DNA of common carp along a river[J]. Envi-
ronmental Science & Technology, 2018, 52(18): 10562-
10570.

SCHULTZ M T. Inference of genetic marker concen-
trations from field surveys to detect environmental
DNA using Bayesian updating[J]. PLoS One, 2018,
13(1): e0190603.

DOI H, INUI R, AKAMATSU Y, et al. Environmental
DNA analysis for estimating the abundance and bio-
mass of stream fish[J]. Freshwater Biology, 2017, 62(1):
30-39.

LEVI T, ALLEN J M, BELL D, et al. Environmental
DNA for the enumeration and management of Pacific
salmon[J]. Molecular Ecology Resources, 2019, 19(3):
597-608.

FUKAYA K, MURAKAMI H, YOON 8§, et al. Estimat-
ing fish population abundance by integrating quantita-
tive data on environmental DNA and hydrodynamic
modelling[J]. Molecular Ecology, 2020, 30(13): 3057-
3067.

MIZUMOTO H, URABE H, KANBE T, et al. Estab-
lishing an environmental DNA method to detect and
estimate the biomass of Sakhalin taimen, a critically
endangered Asian salmonid[J]. Limnology, 2018, 19(2):
219-227.

MINAMOTO T, HAYAMI K, SAKATA M K, et al.
Real-time polymerase chain reaction assays for envi-
ronmental DNA detection of three salmonid fish in
Hokkaido, Japan: Application to winter surveys[J].
Ecological Research, 2019, 34(1): 237-242.

BALDIGO B P, SPORN L A, GEORGE S D, et al. Ef-
ficacy of environmental DNA to detect and quantify
brook trout populations in headwater streams of the
Adirondack Mountains, New York[J]. Transactions of
the American Fisheries Society, 2017, 146(1): 99-111.

143



R HREGR @
EVIEWS

Role of the environmental DNA technology application in the
biomass assessment of the fishery resource: current status
and future perpectives

DIAO Cao-yun' 2, WANG Wen®**, XIAN Wei-wei" % °, ZHANG Hui" *°

(1. CAS Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of
Sciences, Qingdao 266071, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Institute of
Oceanographic Instrumentation, Qilu University of Technology, Shandong Academy of Sciences, Qingdao 266100,
China; 4. Shandong Technological Center of Oceanographic Instrumentation, Qingdao 266100, China; 5. Center for
Ocean Mega-Science, Chinese Academy of Sciences, Qingdao 266071, China)

Received: Apr. 9, 2021
Key words: environmental DNA; fishery resources; biomass assessment; ecological conservation

Abstract: The global fishery resources are now under endangerment due to the continual interruption triggered by
human activities in the past few years. To evaluate its deleterious effects, the environmental DNA (eDNA) assessment
method has been established to be more advantageous for its simple operation, low invasiveness, and high sensitivity,
and hence widely used in comparison to the traditional assessment techniques. It has also been proven to be more
constructive to analyze the biomass and the species abundance. This study summarizes the investigation carried out
by the eDNA technique to evaluate the biomass of fishery resources, including the following aspects: the comple-
mentarity of the eDNA and the traditional methods, factors and models of the eDNA concentration, and the quanti-
tative models of the biomass. What’s more, this review provides new perspectives for future study, which will im-
part the crucial standpoint of the eDNA technology application in relation to the biomass assessment of fishery re-

sources.
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