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(Salvelinus namaycush) [\ A=z 1& 1% 5 [ Y& FE 1 ik
ACERA A 10 2 1Y B FRRBIR , A 1 0 2
PEMCAR , HRZm T A AR S IR i R AL TG A HE
SIIHETE Y . ABEASE O BRTL U M A
RIVCIRIEATHESE S5 B, Fh ok Az A AEFI IR
B R R R D03 S T AT A X L
Hrh 52038 W 5 ( Pterygoplichthys pardalis) 554
fig B 1 (Prochilodus lineatus) . il F) & % 9 £
e B % g M
(Oreochromis niloticus) . 5% 3. % 9 £t (Coptodon
zillii ) T 22 B NP7 8% ( Cirrhiuns cirrhosus) /& A M2
KB Ak a2, HE S i T R e A RE,
AT BEXS A 4 0 258 BB R

IR K 2 BRI T 0 E , HAEDT
o AR B PSR O TR AR R ST iR, % B
B2 By P BB, 22 SR kR A S X
A iR AR A S ) LB R AT Bl R i
A AR TR N 2 —, 54 25 & S A
TEARSG, DA VLA ], 38 1 iz s 1
S A et 2y R 12 A AR TR
= NS LN AT I By S ke ) | PN
SRR AAZ YRR B SRR B

LU A D R e 1 X6 T B L AR )RR
B OCE S, NSRS R YRR SL A B, SR Ak A ok
Prh A Az o 7 M D2 190 B AR SR R AR B A AL
FB L HATX T AR AR W T B &
DA e 4l 5 S S Qo Dt ) R E
ST IHFERI N ) T AS B, B T AR
BN 3 BEOR Y P FioxE AR B W FR 5% DNA
FAR L 51 T B, WIREE Th Wy R R T 0
A R HE I DNA JFH#EA 718 T 5 5 2L
P PEEAT XS A B EREE th g Rh Y, AR T A%
GiJ7 1% 5T DNA SR BAT X Az 25308 58 532 0 Al
PRl AR RSO0 A, X RTINS R
(1) P Fh BE A2 BT A R0 W >0, PR L, 2485 DNA
HHEr 2 2B Wk 1z iz T A2 Fh R0 0%
==

AR T A 1T, B A K YT i R
Ko bR IR AT T AR 2R R JE A, IF I R
T AR PEAG ", YU S 2 Xy IR i) A
UE LW 5 FH PR 5% DNA R 4T T AR 28 A
SR DA B L8 A 3 0N s 5 3 4%
TR Vb DX ) ke f SRR TN o3 A A%

(Sarotherodon  galilaeus)
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sk Ax i R G A g P R kR A
i A S5 TT AP R 2 W R B F AR, X
AHE S R G R 2 R i U A T T
Pits B Z B9 041 . P88 DNA SRRy —Fp ik
A R RCR CAEARIERTE AT, O i IX
BEATRGANER SRR A AR I T AT RE . A
WF5E 5 il P58 DNA 75 S B0R , X E it
DXCHEAT 21T R GEERY SR AT , I %) A LAY
SRR IT IR LRGPP A K23 A X, DR # e A
AN RIS

1 MRS INE

1.1 HRRERLLE

R EmENT B EEREREFEE
AT ST BR A B B, A2 W £ 21 B ) e
T R e 2 I R A5 4y
AT 2023 4F 6 H 9 HREEKME  HLE T 824>
KA RO b Vg L DX ) AP 2 AT W (T 1) .
EE 1182 = SN VAR A D 8 M X 2 L R 72
X BT (1~11 45 5567 . 29~74 45 55 {7 . 81~82
FRAL) W B IR T YE AT AR B
S5 € LI KR 7K I I A R AR 1T AR i A
AR (12~28 5 57 ) s AT BB T #8453 55
D7 (75~80 5 5 A AE Rl KSR AR . AR
SR E 3N EATRE A AT RS2 LK
Mo BRI RAE R AR 22 5k KR <4 m 1)
FKARTEKTE T 0.5 m AL RAE ; KR >4 m i, 43512k
ERIZK PR K IIEZKIRES) . KEEREIRY
T 24 h N FHFLAR M 0.45 pum (IIRS 21 4k K DE K
HEAT 3 PR Sk kG U A 2 % R R AT IR AL
R REOR IR U 1 LKARE 2 sk U8 B A
1.2 mL ) CTAB % ' 9 5 mL 25045 HhAE R 1
AT o b IR S R B A A T80 °C UK AR AR
17, UL DNA [ .
1.2 IFEDNAREUR XEME

SR FH 5 G 0 92 B IR 55 DNA L B R b
BT 65 °CAIB NN 10 min , 4 i 76 38 KU o
A5 CTAB R B S 05 (25:24:1) , 750k ¥
R4 10 min, ZEJE T 7 000 r/min &.0> 15 min, {#i
Il DNA AR 57K 053 )2 . #KAFE Z 879 2 mL
BT IS KR SRR R S 0 B R — 2 A
LAY 5 mol/L NaCl ¥ & , T--20 °CH 4% F ik il
B ZE/L 1 h, ¥ DNAVIE TEIK, R
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12 000 r/min & .0> 15 min J&7 , B 45 HP g AR H
JA 150 pL 70% £, B3 W, 38 Ve 22 BT, = i
T 12 000 r/min &> 5 min, 285 /MO8l 5R 48
(T . HAE VRS TG TR T8 10 min,

PAEBRZ R OIE, T E A 100 pL 60 °C7K
B TE VW, I35 T 55 °C/K ¥ 10 min, 7845 1
DNA,%EE?_go OC‘{]J(;F%‘EP{%@D

N
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4% Latitude

31°00" |

12100’

122° 00’ E
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E1 _LEigHhX 82 IR DNA B MR8 S AL
Fig.1 Eighty two sampling sites in Shanghai area

PCR 4" 34 >Rk ] #2530 H 51 ¥ Tele02 (F:
AATATCGCAAACTCGTGCCAGCCACC;  R:
AATATCGCGGGTATCTAATCCCAGTTTG)" !
P R BN 2R 12S IRNA JER, 3788 F Bk
/N167 bp., ¥ 181K & . Tag B (PrimeSTAR Max
Premix, TaKaRa) 10 pL, 5|42 uL, BSA (4 IfiLi&
H)1 pL, DNA IR 2 uL, 55 #h PCR K 2 Sk
120 pL. PCR W ST : 95 °CHiFA 5 min; 95 °C
P15 5,57 °CiR k15 s (5 4 MEFRFETE 1 °C,
FEAR 2 53 °C, Z 5 — HARFF 53 °CiR .k ) , 72 °CHE
115 s, 25 72 °CHEAH 5 min, PCR Y3 /=4 4
BN B 8 F VRS I , Aff AB B4 A5 2 H AR AR S
i 1o 7% Bk (MagnaBind,, Thermo Fisher Scientific)
FBr N R Be, A I SO 538 2o THlumina i 77
AT PEISOI T
1.3 MFHELEF SIS

fift FH Linux JIj 55 25 247 00 57 8080 53 B, 1658
fift F Fastp #F 47 50008 Jot 42 4o 08, K 000 Bl ) 1)
fHIE R 15, 8 7 914K B =50 bp 1751, 315
55 {0 o 2 B R o B O 2% 1) Reads™ o R i)
J¥ 8504 B 79 356 18 3 Pandaseq HEAT PR, T

TR 1 R SR W 7 A 09 85, A1 DU Reads 7 i
M T AR%S (Barcode ) SEEREEAR AR , 7015
Y1 5 H bR 8 ) i RS RO A A 2. 38 1514
1 09 7 HN AR RS, HOG B (4™ 3 - (4 s A
SERUIN, G A AR R R LUS ARG H 0978
—AEESHO B, AR AR RN
T 10% 1914 7 7 90 A SR BT ok i — 20y
Mro il VSEARCH #1444 #4717 51 3R 26 2 Hif
1 EE A Ty 51 2o 3, Bifi 5 38 2 unoise 500 7 51
17 ASV (Amplified sequence variation) %25, fifi
FIBLASTN 2.3.31 5 U FhERE
1.4 S&ENEYFXE T

2 ANAZ W AU SR K A= A W A A O
T. H. (Freshwater fish invasiveness screening kit,
AS-ISK) AT IFAR . AS-ISK 5 2 I /i 42
HERY 55 4 [n] B 30 S5 26 W A 78 2 i B 11 7 [
% AL AE 49 A B AR KUK P Al 8] @ (Basic risk
asessment, BRA) il 6 4> fix 22 {3 il ] &
(Climate change assessment, CCA) , H: 7" BRA 42
I AN Py Fofr DA P X 38 ) <A DT B S
W AR AR AT PR AR A5 A L 20
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$1] 68 ; CCA MR B PPl XA R ) AR AE AL A% 1L
T BRI AT 1T 43 Y BRA+CCA 15433 [l oy
32 %1 80, #Jri 153 B A 4R W) Ml ) BRA+CCA 730 %
BRA 473 $ J¢ BRA+CCA 43 $GE i fff J 2 1 & T
& ¥ fE Bl 28 (Receiver operating characteristic
curve, ROC) A7 B I, A EL PHPE % (R R ) , /)
PR RNE AR B AR R R AR bR EBH
PES(1-Fe 5 ) |, BV RV R 1 01 S AR P il
(a2 7 Lo AR R iE A T2, JF 8 ROC £k
1 F1 (Area under the curve, AUC) 17 #5 A4 1F
B PP AR, {1 29 %545 %1 (Youden index) /F
ST A AR XU = (I 8 550
JIT A i) R ) 5 KR A A B o R A5 1=
ik, 2=, 3=, 4= =" . E {5 (Confidence
factor, CF) 1.2 .
CF = (CLy)/(4 x 55)(i = 1,---,55) (1)
FH: CLg R 2 i > B A B 5 A 0 4 0 AR

B B 2 25 9%, 55 S AS-TSK )48 ) AL, & 15
ML 0.25 %1 1,
1.5 B8RANEYMEBESEXTN

0.2 NAR Y FI v A6 35 2 X fif F MaxEnt 3.4.4
AR AT T , 2R A 3 2o e RO T i AR
AT B AT IO SCHE T, TR 45 i 2R
PEAAZ Y0 0 5 A5 Dy s A B X At X B
EAT P s e A A XTI i M X AR ok £
WP B S M 2 AR B OR F T ARESR
RS BT A 0% A<M B A > 2 WorldClim 19 35
(https://www. worldclim. org/) ] A= ¥ < i A8 &
(Bioclimatic variables) , f 4545730l 3 H
BEF V9N, PR R 30s(5R 1), il
JH MaxEnt #4738 A& X 73 B 3 & FE LI E 40 L
H25%, ffi FH 75% A #EA TN, AT 10 IR
FoUI I O SR AR A S AT 25 R, HR i
I

£ 1 WorldClim £S5 RELTE
Tab.1 Bioclimatic variables of WorldClim

AR RS

Bioclimatic . J?‘%ﬁi’%é\#(

variables index Bioclimatic variables

BIO1 SRS Annual mean temperature

BIO2 -4 H A2 (H S TS B IR 25 1434 1) Mean diurnal range [ mean of monthly (max temp min temp) ]
BIO3 L3 (BIO2 5 BIOT Y LR X 100) Isothermality (BIO2/BIO7) (x100)

BIO4 i B2 (OH #iEbRE2E % 100) Temperature seasonality (standard deviation x100)
BIOS e H TR Max temperature of warmest month

BIOG6 1% AR Min temperature of coldest month

BIO7 SIRAEE 2% (BIOS 5 BIO6 Y 22 (H) Temperature annual range (BIO5-BIO6)

BIOS8 IR 2R RIR Mean temperature of wettest quarter

BIOY9 TSR Mean temperature of driest quarter

BIO10 g B FHSIR Mean temperature of warmest quarter

BIO11 A EEEHRIR Mean temperature of coldest quarter

BIO12 AR R Annual precipitation

BIO13 1B A oK & Precipitation of wettest month

BIO14 e A K Precipitation of driest month

BIO15 Rk 24 1 (A8 55 R A0 Precipitation seasonality (coefficient of variation)
BIO16 I 7R 4 K Precipitation of wettest quarter

BIO17 TR E Precipitation of driest quarter

BIO18 o 2 i P K i Precipitation of warmest quarter

BIO19 R B K Precipitation of coldest quarter
) 4k ), 2 S 4 )5 155 218 860 608 2% Clean Reads J7

2.1 ShRERYFPERL
6 A 215 2] 218 872 920 4% Reads J¥
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H1 . 9 H JEA I FAE495) 316 872 700 4% Reads J¥
B, 25 P 5 155 316 813 782 4% Clean Reads J¥
Bl PR VE AR IR 5 547 S0k Fp ASV, Hip
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2R PR L 3R B 7 Rl ARkt 25 (3R 2) ;5 4 il
R BE 5 X R A (Ictalurus punctatus) K 1 M
(Micropterus salmoides) .77 ¥ N % | Je & % 4k
i B Wt (Gambusia affinis) | W) 3 (Polyodon
spathula) . 7= BEAR 5 8 ( Oxyeleotris marmorata) ,
o R et Ah YR Sy i Rl g g L AAR
1 B WA AN B 2 TR, DK H A
KFE, e BB A AR R S & 2,
29 RAE SR Y, B e LR, HEAE 224
SRR R W R 2 B I A L 43 A
TE AN FN 24 SRS

TER iy 7 R Ah ks e B B A K =
BE IE 88T TR A 52 68 1 ¥ = e %
R A0 Y38 IR & 16 ~ 42 °CL, 5.5 °C F N EUSE IR
U R BEARIEIE Y3E i h 15~35 °C, 10 °CEATR
M ICEFE T X WA 287 1 I b X AN RE K
2% WOHE S 22 A AR XU PEAk K3 A= X ) 2
B, AU HAR S Rt 2R i AT 04T
22 BENEWFREE TG

BT AS-ISK [ £ 2 AW 1) XU Ak 45
I F 3, BRASMEUL BRA+CCA S5 ih &
AL (AUC) ¥ K F 0.7(95% B A5 X | ) , BA #%
R AT EEPE (K13) o AZPEAEEAE R X 53 Az
ol U e (IR 1 53 4, A5 v T 298 48 500 4y el
Az U A e, AR T 2848 B W AP A A= AU Sy
fik. BRATH ;2S48 EC 42,5, st R H
SR B SRR A A XU SRy v, 22 B 0
R W 8 8 AR U AR 5 45 5 R R A 28 AL Y
BRA+CCA 15873 Y L85 48 5N 47.5, AL B i it
5 B AR KURS 72 Sy e, Hor 4 R AR I AR
DRSS A 45 SR ANAE
23 ShkEERAE EEMKEEXTN

HR A A5 DNA 72 55 W A 45 AR K 4 i 5 0 A
1R Al F Maxent £ 81 HE AT 1 15 b X 38 AR X T
W, A4 ArcGIS 10.8 #1415 I i o X i K &
Jn, A5t bV Hl XA R £ 2 TR S A X Hb A
T 25 SR an ] 4 fir s, B SR K 1 R
Iyt REWY B EAA BRI T FE G A2 X o DATAT AL
FARERT  BRALWIEL SN FLA 4 B AR A0 S A 2

B B B TR W T T HAT B Y AR
H 2 i T A M DX o 2 Fi 07 8% 1 5 1L A
e T AR B I A 0 T A 0 A XA
TUE LI, AH AR KU LU 22 Ji iz %) o

3 ihe

3.1 ETIAEEDNA R FHBE H&EEINEY
FhER Ay,

AW i 1 I 85E DNA 72 25T i 45 AR AE 1 ifg
H XK R AR T 7 R AR a2 Fh, Hod
Fam Pk Je B B e K O R RS
DL AR Sk 0 208 T AT R = 0F 9038 A% 48 7 TR K
oAl R I AR O g T ARk AR W Rk
gt e 3, KAE AN mh I e a2k,
Bt R gl IR IR B (Pygocentrus
nattereri) W R % HE t4 (Oreochromis aureus) .
B 5 SR A S 0T 85 ( Oncorhynchus mykiss) , 1
H 0 LW F M a5 . (E15 — 402y
SR VT R e 5 b DR A 0 ] Bt A 00 W 45
Bt o ARUFREK B 7R ARG BRE
R AR TR ARG AN, Ay 6 Fid il T
K= FRAE G . AR R, B 2022 47, 1E
FishBase "1icl 5 1 1 649 25 A2 Ff4 ], 42%
SR FREEAR DG FRE R AR AR Rt 5 A SR
FARN BN MR YA AR SR, B4R R T
TR KA 38 3% 3 1 A2 ) AR S 5 b T
FRAH RN SR AT ML R4 T R WA 2
Bl 5 K Az AR ) AN AR B SRR

SR UL, F 2R 55 DNA B2 AR K 2] 1) 4
FhAEAE 2 T T e B kil 2 i ) b ke, %
8 AUl Mifish 519 DL R A% e a5 5 1kt
SEU B s S RE IR TR A, Mifish 5| 44
Te% % e L g amii Az a2k (B 5 H
i IF AR M TAT AP T 2R 4% DNA F AR 7 A6
AAZ Y Fh 5 A R . X AR R
JHE PR A8 T4 R SR v BB 45 AR ) AR 1Y
KA, PRI DNA R HAT SRAE(EHE | Wl A<
AR Xk 35 IS i A o M 0 o 3 A L TE A
= Wy A A B RN T .
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Fig. 2 Distribution map of invasive fish species in Shanghai based on environmental DNA
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%2 IFMEDNA REFEBREAK HIMRE LY FER
Tab.2 Invasive fish species detected by eDNA metabarcoding

Yk At 07 15 B B i)
Species Number of detected sites Occurrence time
B SR EM Ietalurus punctatus 5 6 HK9H
K1 BB Micropterus salmoides 17 6 HJ9H
I INPLEE Cirrhinus mrigala 17 6 H 9 H
Je ¥ B k44 Oreochromis niloticus 29 6 H 9 H
B i Gambusia affinis 22 6 H 9 H
LWt Polyodon spathula 4 6 HJ9H
BRI Oxyeleotris marmorata 2 L6 H
1.0 F 7 1.0 ’_I_
08l I 08| JJ47 500(0.886, 0.875)
|/
> >
£ 06r 42.500(0.913,0.615) g 06r
z AUC: 0.717 'z AUC: 0.879
2 04} 2 04r
0.2} 02F
0F 0F
0 0.2 0.4 0.6 0.8 1.0 0 0.2 04 0.6 0.8 1.0
1-Specificity 1-Specificity
(a) BRAZMUIROCHZE ROC curve of BRA (b) BRA+CCAZMHIROCHIZE ROC curve of BRA+CCA

B3 ETASISKH LBEENEYMZILE TIERFEHL
Fig. 3 Receiver operating characteristic (ROC) curves based on the aquatic species invasiveness screening kit
(AS-ISK) for invasive fish species in Shanghai

F3 ETASISKHME&EYFAE FiFhX N EXERH LR

Tab.3 AS-ISK based invasion risk assessment results of fish species in Shanghai

‘{7 Confidence
b BRA /M4 AR BRA+CCAZMEL AR
Species BRA score Invasion risk BRA+CCA score Invasion risk BRA CCA  BRALCCA
Bt Gambusia affinis 61 [ 73 [ 0.85 0.58 0.82
KO 24T Micropterus salmoides 56 [ 66 [ 0.77 0.63 0.75
BE 45 AN Ictalurus punctatus 45 = 57 = 0.87 0.75 0.85
AT INBLE Cirrhinus mrigala 38 {8 48 = 074 054 0.72
W Polyodon spathula 5 1% 9 1% 0.68 0.50 0.66
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(a) BEA XS Ictalurus punctatus (b) RIT & Micropterus salmoides
NP
8 31°30" + - P g 31°30" - )
& & il
& 31000' ” 31000 e 3
I AR I s A
] B : SR g
O s i 0 20 40km C R - 0 20 40km
0 Lm . SE :
121°00’ 122°00" E 121°00’ 122°00" E
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(c) ZFhNPre% Cirrhinus mrigala

2% Longitude
(d) Bt Gambusia affinis

oo
R0 S
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_—

N Dy
v
g 31930
E
g
—
i
& 310007 |
I A
i
[ il A
[ JeiE
121°00

122°00" E

2% Longitude
(e) RLWifid Polyodon spathula
E 4 IFEDNAREZFFBEAKHMWSMACSELTMNEERER
Fig. 4 Predicted suitable habitat areas for the 5 invasive fish species detected via eDNA metabarcoding technology

32 ETFASISKH LR IMREENERE
T

fifi FH AS-ISK X A= 9 £ 28 XU E AL, &
e fen I BR T B SRR 3 A A S XU
A (BRA) 1, #5453 KT ROC HH 2k 9 245355
(42.5) , Wl e A2 HA = AR KU R, X —
S50 S ET ARG A B ENIE . 7R & A
BT IEAT 50 BT J5 , 22 Bt I 8 1) A A= AU 1 A1 AR
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AT (BRA+CCA=48) , % B 32 B v % ] GEAE
v b XA R A A AR A LA R AR R
Woro A EIE K R, 22 B 7 5 7 BR 73 Bl e AR
i B £ TR o, 1 AR AN T S R R A g 0
A5 B 5 11 AR AR R R R A A 4 N, L
Bl LRSI RE, B2 b L8
1 ERN VARG ) | E AR R 2 I W
BT AS i B A R B e PUSERR ) B R 7 2 ERAR
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WA R 5T, AR IXURS: B (B A5 DG b -
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Monitoring of alien fish, invasion risk assessment and habitat suitability
analysis in Shanghai based on environmental DNA metabarcoding

RAN lJiachen'?, WU Ana’, GONG Haiyan’, WANG Hui'’

(1. Engineering Research Center of Environmental DNA and Ecological Water Health Assessment, Shanghai Ocean
University, Shanghai 201306, China; 2.Shanghai Universities Key Laboratory of Marine Animal Taxonomy and Evolution,
Shanghai Ocean University, Shanghai 201306, China; 3.Shanghai Environmental Monitoring Center, Shanghai 200235,
China)

Abstract: Located at the mouth of the Yangtze River estuary, Shanghai is one of China's major commercial
ports and ornamental fish trade hubs, boasting a well-developed aquaculture industry. Therefore, a
systematic investigation into the species, distribution, and invasion risks of alien fish introduced to
Shanghai's natural water bodies is warranted. In this study, environmental DNA metabarcoding (eDNA
Metabarcoding) was employed to survey alien fish at 82 sampling sites in Shanghai during spring and
autumn, detecting a total of seven alien fish species. The identified alien fish was assessed for invasion risk
using the Aquatic species invasiveness screening kit (AS-ISK) , and their potential habitat suitability was
predicted using the Maxent model combined with climate data and distribution records. The results
indicated that the mosquitofish (Gambusia affinis) , largemouth bass (Micropterus salmoides) , and
channel catfish (Ictalurus punctatus) exhibited high invasion risks (BRA > 42.5) in the AS-ISK
assessment, necessitating prioritized monitoring. In contrast, the paddlefish (Polyodon spathula) and
mrigal carp (Cirrhinus mrigala) initially showed low invasion risks (BRA < 40). However, when
accounting for future climate change, the invasion risk of mrigal carp escalated from low to high (BRA +
CCA > 47.5). The Maxent model predicted that areas near the lower reaches of the Huangpu River estuary
generally had high habitat suitability for the detected alien fish, while mrigal carp showed higher suitability
in Dianshan Lake in western Shanghai. Additionally, Nile tilapia( Oreochromis niloticus) and marble goby
(Oxyeleotris marmorata) were detected in the survey. However, since both species are intolerant to low
temperatures and cannot overwinter in Shanghai, they were excluded from the invasion risk assessment and
habitat suitability predictions. Timely identification of the species and distribution of alien fish in natural
water bodies is crucial for preventing biological invasions, highlighting the need for focused monitoring of
high-risk species and regions with high habitat suitability for alien species. Environmental DNA technology
provides a cost-effective and efficient tool for long-term alien fish monitoring.

Key words: alien fish monitoring; AS-ISK invasion risk assessment; Maxent habitat suitability prediction;

environmental DNA metabarcoding; Shanghai
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